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Abstract: Fly ash concrete is a type of construction material in which a portion
of Portland cement is replaced with fly ash—a byproduct collected from coal
combustion in thermal power plants. Using fly ash at an appropriate ratio
contributes to a more sustainable concrete mix and offers significant
environmental benefits. In this study, the XGBoost machine learning model is
applied to predict the compressive strength of fly ash concrete, with the aim of
optimizing the mix proportions and ensuring practical performance and quality.
The model is trained on a dataset with seven input parameters: cement, sand,
coarse aggregate, water, fly ash, admixture, and curing time; while the
compressive strength is used as the output target. The model’s performance is
evaluated using metrics such as mean absolute error (MAE), root mean
squared error (RMSE), and the coefficient of determination (R?). The results
show that the XGBoost model is an effective approach for predicting the
compressive strength of fly ash concrete, achieving training results of (R? =
0,896; RMSE = 4,213; MAE = 3,133) and validation results of (R? = 0,868;
RMSE = 4,892; MAE = 3,401).

Keywords: Fly ash concrete; compressive strength; XGBoost; machine
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Toém tat: Bé tong st dung tro bay la mét loai vat liéu xay dwng dwoc thay thé
mot phan xi méng Portland bang tro bay tlr phu pham thu dwoc trong qua trinh
dét than tai cac nha may nhiét dién. Viéc s& dung tro bay v&i ty 1é thich hop
gop phan tao nén hén hop bé tdng bén vitng hon va mang lai nhirng loi ich
dang ké cho méi trwdng. Trong nghién ctru nay, mé hinh hoc may XGBoost
dwoc trién khai dé dw doan cwdng d6 chiu nén bé téng st dung tro bay nham
tdi wu ty 1& thanh phan vat liéu trong cip phdi bé téng, tir d6 nang cao hiéu qua
st dung va ddm bao chat lwong bé téng trong diéu kién thyc té. M6 hinh dwoc
huén luyén véi div liéu c6 7 tham sb dau vao bao gdm: xi mang, cat, da, nuéc,
tro bay, phu gia, th&i gian; trong khi cwdng dé chiu nén dwgrc chon lam muc
tiéu dau ra ctia md hinh. Viéc danh gia hiéu suat cia mé hinh dwoc théng qua
céac chi sb nhw sai sb tuyét dbi trung binh (MAE), sai s6 binh phuong trung
binh (RMSE) va hé sé xac dinh (R2). Két qua cho thAdy mé hinh hoc may
XGBoost la phwong phap hiéu qua trong dy doan cwong dd chiu nén bé tong
st dung tro bay véi gia tri huan luyén la (R? = 0,896; RMSE = 4,213; MAE =
3,133) va gia tri kiém chirng 1a (R2= 0,868; RMSE=4,892; MAE=3,401).

T khoéa: Bé tong sir dung tro bay; cwdng dd chju nén; XGBoost; hoc may.

1. D4t van dé

cbng nghiép.

Tro bay la san pham phu trong qua trinh dét
than, cé cac tinh chét ly hoa thay déi dang ké tuy
thudc vao loai than s dung. Cac thanh phan oxit
c6 trong tro bay nhuw SiO,, Al,O3, CaO va FexOs
chiém khoang 90% tbng khéi lwong, dong vai tro
quyét dinh dén tinh chéat va hiéu qua cuda tro bay
khi st dung trong bé téng [1]. Pang chu y, ham
Iwong silic (SiO2) va nhém (Al,03) anh hwéng dang
k& dén qua trinh hinh thanh chét két dinh. Trén co
s& do, tro bay dwoc str dung la vat liéu thay thé
mot phan xi mang Portland truyén théng, gép phan
gidm phat thai khi CO, trong qué trinh san xuét
ddng thoi tan dung hiéu qua cac ngudn phé thai

Qua trinh thiét ké cap phdi bé téng str dung
tro bay 1a mét buwéc quan trong dé xac dinh ty 1é
gitra cac thanh phan vat liéu. Mac du cac tiéu
chuén hién hanh cung cép co s& dé thiét ké thanh
phan cép phdi nhung trong thuc té, viéc tbi wu hoa
clp phdi dé dap ng yéu cau ky mét nhiéu thoi
gian va cbng swc [2]. Trong nghién ctru thuc
nghiém cltia Joshi (2017), mot phan xi mang da
dwoc thay thé bang tro bay véi ty 18 tir 10% dén
30%, nham danh gia anh hwéng cta vat liéu nay
dén céac d&c tinh cla bé téng st dung tro bay nhw
thoi gian dong két, dd bén, kha nang thi cong va
cwdng d6 chiu nén [3]. Cac thtr nghiém vé cwong
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dd chiu nén co ty 1é pha tron tdi wu cé thé cai thién
dang ké cwdng do va do bén, tuy thudc vao loai tro
bay st dung. Nghién clru cliia Jatale va céng sw
(2013) danh gia anh huédng cwdng do chiu nén bé
téng khi thay thé mot phan xi mang bang tro bay va
nhan thdy mrc d6 phat trién cwong dd & cac do
tudi khac nhau c6 lién quan dén ty 1& nwédc/xi mang
va ty 1é tro bay trong hén hop bé tong [4]. Déi vai,
Wankhede va cdng s (2014) nghién ctru tac dong
cua tro bay déi v&i cac dac tinh ctia bé téng va phat
hién d6 sut ctia bé téng tang khi lwong tro bay tang
[5]. Két qua cho thay rang véi viéc thay thé tr 10%
dén 20% xi mang thi cuwéng do chiu nén tét hon
sau 28 ngay so v&i bé tong théng thwdng, nhwng
trong trwong hop thay thé trén 30% xi mang thi
cwdng doé chiu nén tdi da gidm. Cac két qua dat
dwoc cho thdy mrc d6 hiéu qua cla viéc st dung
tro bay phu thudc vao sw phéi tron gitra cac thanh
phan vat liéu trong hén hop. Do d6, dé téi wu hoa
ty 1& cap phdi va gidm thiéu sw phu thudc vao cac
thiét ké thwc nghiém can xay dwng mé hinh tinh
toan phu hop dé dw bao ty 1& cap phdi 14 rat can
thiét [6].

Trong béi canh d6, tri tué nhan tao (Al), d&c
biét l1a cac thuat toan hoc may dwgc xem la cébng
cu hiéu qué dé dy bao cwérng dd chiu nén bé téong
tro bay nhd kha nang hoc t div liéu [7]. Nhiéu
nghién clru trwéc day da trién khai hiéu qua cac
md hinh hoc may dé& dw bao mét sbé dac tinh bé
téng nhw dd bén [8], dd sut [9], dO thAm [10] va
cuwong dé chiu nén [11] véi cac md hinh hoc may
dang chu y nhuw: cay quyét dinh tdng cuong
gradient (XGBoost) [12], CatBoost (CBT) [13],
mang noron nhan tao (ANN), may vecto hd tro
(SVM), rirng ngéu nhién (RF)... Cu thé, nghién ctu
cua Topcu va cdng sw (2008) str dung md hinh
ANN dé dw doan cuwong ddé chiu nén bé téng chira
tro bay v¢&i thoi gian 7, 28 va 90 ngay cho do chinh
cao (R? = 0,96) [14]. Trong mdt nghién cltru khac
cua Abhilash Gogineni va céng sy (2024) ap dung
bén mé hinh hoc may gdm rirng ngdu nhién (RF),
may vecto hd trg (SVM), mang noron nhan tao
(ANN) va XGBoost dé dw doan cuéng dd chiu nén
bé tong [15]. Két qua mé hinh XGBoost cho hiéu

Phung

suat dv doan vwot trdi véi R2= 0,997, cao hon so
v&i cac mo hinh con lai. Sy hiéu qua ctia cac mo
hinh cho thdy kha nang mé hinh héa tét cac méi
quan hé phi tuyén gitra cac tham sé dau vao, déng
th&i khai thac théng tin tir div liéu thyre nghiém ma
khéng can gia dinh trué'c vé dang ham toan hoc.

Gan day, nhiéu mé hinh hoc sau nhuv mang
noron tich chap (CNN), mang noron séu (DNN) va
bd nhé ngan dai han (LSTM) va mét s6 mé hinh
hoc sau khac cho thay tiém ning trong dw bao.
Chang han, nghién ctru ctia Li va cong sw (2024)
str dung 471 b6 dir liéu bé téng chira tro bay va
thlr nghiém sau méd hinh hoc sau cho thay mé hinh
lai FCNN+CNN c6 hiéu suét cao nhat vai R? = 0,95,
RMSE = 14,18 va MAE = 2,32 [16]. Twong tu,
Biswas va cong sw (2024) ap dung mo hinh DNN
dé dw bao cwdng d6 chiu nén bé tdng st dung tro
bay (FA-HSC), thu dwoc két qua véi R? = 0,89 va
RMSE = 0,06 [17]. Thwc té, cac mo hinh hoc sau
cho thay dd chinh xac cao nhwng can lwgng Ion
dir lieu dé huén luyén va thoi gian huén luyén kéo
dai. Trong khi d6 cac mé hinh hoc may nhw
XGBoost, ANN, SVM, RF... van dam béo hiéu suat
tinh toan nhd kha ndng huan luyén nhanh va linh
hoat. Theo d6 nghién clru nay trién khai mé hinh
XGBoost d& dy doan cwédng dd chiju nén bé téng
st dung tro bay, gop phan tbi wu hoa hiéu qua st
dung tro bay trong bé téng.

2. Di¥ liéu nghién ctru

D@ liéu str dung trong nghién ctru dwoc thu
thap dwa trén két qud da dwoc cdng bd trén
Scientific Reports [18], v&i 233 di¥ liéu dwoc lya
chon sir dung tro bay gébm 7 tham sb dau vao: xi
mang (XM), cat (C), da dam (b), nwéc (N), tro bay
(TB), phu gia (PG), thoi gian (T) va tham sb dau ra
la cwdng d6 chiu nén (Fc). Cac tham sé dwoc phan
tich théng ké dé danh gia sw bién ddng va xac dinh
cac dac diém cla tap dir liéu trong Bang 1. Theo
do, cwdng d6 chiu nén bé téng tro bay dao dong tw
8,49 dén 66,42 MPa, v&i d6 léch chuan la 13,3
MPa cho thay mic d6 phan tan Ién vé cudng do
cla cac mau bé tdng. Ngoai ra, Hinh 1 cling trinh
bay sw phan bd tan suét cia cac tham sb, qua do
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Phung

phan anh rd d&c diém phan phdi clia tirng tham s6  déu cé khodng gia tri giao déng 1&n trong thanh

trong tap dir liéu.

phan cép phdi. Cac tham sé PG va TB cé khoang

Cac tham s6 trong tap di¥ liéu c6 xu hwéng  dao dong hep, cho thdy sy kiém soat chat ché
phan bd tap trung tai nhitng khodng gia tri nhat  trong st dung phu gia va tro bay. Dac biét, tham sb
dinh thay vi rai déu. V&itham s XM, C,DvaN, Fc T c6 cum gia tri phd bién 1a 28 ngay.

13-

Bang 1. Bang thdng ké gia tri
STT Tham sé Viéttit Ponvi Giatrinhé nhat  Giatrilén nhat D6 léch chuan (std)
1 Xi mang XM kg/m? 134,7 475 52,075
2 Cat C kg/m? 641 905,9 57,697
3 ba b kg/m3 801 1098 71,067
4 Nuwdéc N kg/m3 142 221,4 17,619
5 Tro bay TB kg/m3 59 200,1 27,98
6 Phu gia PG kg/m? 1,9 20 3,034
7 Thoi gian T Ngay 3 100 30,657
8 Cuwdng d6 chiu nén Fc Mpa 8,49 66,42 13,3
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Hinh 2. Gia tri twong quan cta tham sb

Phan tich gia tri twong quan gitp lam rd méi  cap tham s6. Két qua trong Hinh 2 cho thay, tham
quan hé gitra cac tham sé, trong do hé sb twong  s6 thdi gian va cudng do chiu nén cé gia tri twong
quan Pearson duoec tinh toan va hién thi cho tirng  quan cao nhét la 0,66 trong khi cac tham sé con lai
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c6é twong quan thdp hon, dam bao tinh doc lap
gitra cac tham sé.
3. Phwong phap nghién ciru
3.1. Tang cwong do déc cwe dai (XGBoost)

XGBoost dwoc Chen va cong sw phat trién
vao nam 2015 va la mét trong nhirng thuét toan
tién tién trong nhém boosting, ndi bat nhé kha nang
x® ly hiéu qua di¥ liéu Ién va tinh &n dinh cao trong
dy doan [19]. M6 hinh nay st dung thuat toan tang
cwdng theo dd déc dé xay dwng tirng cay hoc yéu
sao cho méi cay mai tdi thiéu hoa phan 16i con lai
cta mo hinh hién tai. Ham muc tiéu trong XGBoost
duwoc thiét ké tdi wu, gébm hai phan: (1) ham mét
mat do lwéng sai s6 dy doan va (2) ham diéu
chuén (regularization) gitp kiém soat d phtrc tap
ctia md hinh nham gidm thiéu nguy co' qua khép
[20]. Nh& co ché nay, XGBoost khéng chi cai thién
t6t d6 chinh xac clia mé hinh ma con tang cuwdng
kha nang khai quat hoa.

Co6ng thirc tdng quat cia ham muc tiéu tai
vong lap thir t dwoc viét nhw sau:

L(t)=z I (yi,ili(t'” +ft(xi)) +Q(f) Q)
=1

Trong d6, I la ham mat mat (vi du: sai s6 binh
phwong hodc ham mét mat logistic), y; 1a gia tri
thuc té, yi“‘“ la gia tri dw doan & vong lap trwérc,
f(x;) la cay quyét dinh mai tai vong lap t, va 2(f;)
la thanh phan diéu chinh dé phirc tap cla cay.
3.2. Hiéu suat cua mé hinh

Hiéu suat cia mé hinh dwoc danh gia bang
céc chi sb: hé sb xac dinh (R?), sai sb binh phwong
trung binh (RMSE) va sai sb tuyét déi trung binh
(MAE). Cu thé, RMSE va MAE do sai s6 gitra gia
tri dw doan va gia tri thuc té, tuy nhién khac nhau
vé cach danh gia dé Ion cla sai sb [21]. V& nguyén
téc, gia tri RMSE va MAE cang nhé thi mé hinh
cang chinh xac. Ngoai ra, hé sb xac dinh R? danh
gia mrc do phu hgp ctia mé hinh, gia tri R? nam
trong khoang tir 0 dén 1, trong dé gia tri cang gan
1 cho thdy mé hinh giai thich tét div liéu thyc té,
con gia tri gan 0 cho thdy mé hinh giai thich kém.

Cac chi s6 nay dwoc tinh bang cac cong thirc
sau:

Phung

(2)

3)

=1

(4)

N (%) ,
Trong 4o, yo va y, la gia tri do dwgc thue té

va gia tri cia mé hinh twong &ng, y; la gia tri trung

binh va N 14 téng s6 cac dir liéu dau vao.

3.3. Lwa chon dac trwng

Lwa chon dac trwng dwa trén mirc dé quan
trong cla cac tham sd dau vao va la mét trong
nhirng k§ thuat phd bién trong hoc may [22]. Phan
tich tm quan trong khong chi gitp hiéu rd hon vé
vai trd cla tirng tham s (chdng han nhw ham
lweng xi mang, nwéec, tro bay, phu gia...), ma con
hé tro loai bé cac tham sd khéng can thiét, tir do
giup gidm chiéu di liéu, rat ngan thoi gian huan
luyén, va tranh hién twong qua khép. Ngoai ra, lwya
chon d&c trwng hop ly gidp tdng cwéng hiéu suét
dw doan vi mé hinh tap trung vao cac tham sb thuc
sw ¢ y nghia thdng ké va ky thuéat.

3.4. Trinh tw thwc hién

Dé xay dwng mét mé hinh hoc may cé do
chinh xac va kha nang khai quat tét, can cé quy
trinh thwc hién dwoc trién khai mot cach khoa hoc,
hop Iy va tuan tw. Quy trinh nay thwéng bao gém
cac buwdc chinh nhw sau:

- Thu thap va tbng hop dir lieu dau vao:
D liéu dwoc thu thap tr cac thi nghiém lién bao
gdm céac tham sé dau vao: xi mang (XM), nuwéc (N),
céat (C), da (b), tro bay (TB), phu gia (PG), va thoi
gian dwéng ho (T), cung véi tham sb dau ra la
cwdng do chiu nén (Fc).

- Xt ly va phan chia di¥ liéu: D liéu duwgc
phan tich va chuén hoa vé khoang gia tri [0-1]. Sau
doé dwoc chia ngdu nhién véi 70% huén luyén va
30% kiém chirng.

- Huén luyén mé hinh: M6 hinh XGBoost
dwoc st dung dé huan luyén va kiém chirng. Qua
trinh huan luyén dwoc thwc hién két hop voi
phwong phap GridSearchCV dé téi wu hoa cac
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siéu tham sbé nhw sé lwong cay (n_estimators =
500), tbc d6 hoc (learning_rate =0,01), 6 sau cay
(max_depth = 5).

- Phan tich va lywa chon dac trwng: Cac dac
trwng dwoc phan tich dé xac dinh tham sé nao cé
anh hwéng lén dén két qua du bao.

4. Két qua va thao luan

Két qua ctia md hinh XGBoost dwgc danh
gia dua trén hé sb xac dinh (R?). Hinh 3a va Hinh
3b I1an Iwot thé hién mire d6 phan tan dir liéu huan
luyén va kiém chirng. D& dang nhan thay cac diém
di¥ liéu nam gan sat véi dwdng hoi quy tuyén tinh,
cho thay hiéu suét tét gitra gia tri dw doan va thuc
té. Cu thé, hé sb xac dinh R2= 0,896 dbi v&i dir liéu

Phung

huén luyén va 0,868 dbi v&i div liéu kiém chirng,
Sw chénh léch nhé gitra hai gia tri nay cho thay mé
hinh c6 kha nang khai quat tét.

Cac chi sb théng ké nhv RMSE va MAE
dwoc trinh bay & Bang 2 véi gia tri RMSE lan lwot
la 4,213 dbi v&i tap huan luyén va 4,892 véi tap
kiém chirng; trong khi d6, gia tri MAE twong (ng la
3,133 va 3,401. Nhirng sai sb nay déu nam trong
gi¢i han, phan anh sy chénh Iéch gilra gia tri huén
luyén va kiém ching 1a khong dang ké&. Cac két
qua dat dwoc, cho thdy viéc st dung mé hinh
XGBoost vao qua trinh thiét ké va dw bao cuéng
dé chiu nén khéng chi kha thi ma con c6 tiém nang
ap dung rong rai trong thuc té.

60
— R?=0.896 50 1 —— Rz =0.868
50
a
g |® 2
9 40 g
3 =]
5 30 b=
«o i
1G] G
20 -
10 -
T T T T T T
20 40 60 20 40 60
Gia tri thuc Gia trj thuc

Hinh 3. Gia tri R (a) Gia tri huan luyén; (b) Gia tri kiém chirng
Bang 2. Bang két qua sai s6 ctia mé hinh XGBoost

STT Tham sb Gia tri huan luyén Gia tri kiém chirng
1 RMSE 4213 4,892
2 MAE 3,133 3,401

0.525

0.45

0.30

0.15 0.40

0.35
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Hinh 4. Lwa chon dac trwng (%)
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Phan tich Iwa chon dac trwng cho thay tac
dong cla tirng tham sé dau vao dén két qua dw
doan cudng dd nén cua bé tong sir dung tro bay
c6 sw khac nhau trong Hinh 4. Két qua cho thay
rang tham sé thoi gian (T) c6 anh hwéng I&n nhat
chiém 52,5%, tiép theo la xi mang (XM) chiém
32,4%. Mat khac, cac tham sbé con lai dwa ra it hon
dang ké so véi dy doan, véi nuwéc (N) chiém 6,6%,
phu gia (PG) chiém 3,1%, cét (C) chiém 2,5%, tro
bay (TB) chiém 1,5% va da (P) chiém 1,4%. Sw
khac biét nay khéng phd nhan vai tro cua tro bay
trong hdn hop bé téng, ma phan anh dac diém
riéng cta tham sé dau vao véi muc tiéu dw doan.
Trong giai doan dau, phan tng cla tro bay dién ra
cham hon so v&i phan &ng thly héa cia xi mang.
Do dé, khi m6 hinh dy doan cwdng dé chiu nén tai
cac méc thoi gian ngan tac dong truc tiép cia tro
bay chwa thwc sw thé hién rd rét.

5. Két luan

Két qua nghién ctru mé hinh XGBoost ¢ kha
nang dy bao hiéu qua cwong dd chiu nén clia bé
tdng st dung tro bay, v&i hé sb xac dinh R? lan lwot
dat 0,896 va 0,868 trén cac tap dir liéu huan luyén
va kiém chirng. Nghién ciru ¢ y nghia dbi véi cac
ky sw va nha thiét ké dwa ra quyét dinh nhanh
chéng, tiét kiém thdi gian va gidm chi phi tho
nghiém. Tuy nhién, han ché vé quy mé di liéu va
tinh da dang cta cac tham sé dau vao cho thay can
c6 cac nghién ctru tiép theo véi tap dir liéu phong
phi hon va kiém dinh mé hinh trong nhiéu diéu
kién thwc té khac nhau dé nang cao db tin cay trong
thwe tién xay dwng.
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