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Tém tit: Bé téng xi mang la vat liéu doc sir dung rong rdi nhdt hién nay trong cdc cong trinh xdy
dung tir co s6 ha tang dén cdc cong trinh ddn dung do kha ndng chiu nén tot va gid thanh canh tranh.
Viéc tién hanh thi nghiém xdc dinh cuong dg chiu nén ciia bé tong xi méng doi hoi chi phi cao va thoi
gian thyc hién lau. Do vdy, viéc img dung mé hinh rimg cdy ngau nhién la mét nhanh cia tri thong
minh nhan tao vao vi¢c xdac dinh cuong do chiu nén cua bé tong xi mang la hét sic ¢o y nghia. Mo
hinh rimg cdy ngau nhién da dwoc dp dung vao hudn luyén va kiém ching 1030 mau cuong do chiu
nén ciia bé tong xi mang. Két qua duw dodn ciia mé hinh rirng cdy ngau nhién cho do chinh xac tuong
doi cao trong hai truong hop hudn luyén va kiém chimg voi hé sé twong quan R lan luot la 0.99 va
0.95. Do viy, tmg dung tri théng minh nhén tao ma cy thé la mé hinh rimg cdy ngau nhién vao xdc
dinh cwong do chiu nén cua bé tong xi mang co sir dung nhiéu logi Pphu gia la hoan toan kha thi. Mo
hinh rimg cdy ngau nhién con cé thé xdac dinh yéu to quan trong nhat anh huong dén cuong do chiu
nen cua bé tong xi mang lan lwot la xi mang va dg tudi ciia bé tong xi mang, ciing véi tro bay la yéu
16 it dnh huéng nhat dén cuong dg chiu nén ciia bé tong xi méng.

Tir khéa: Tri tué nhan tao (Al), rimg cdy ngau nhién (RF), bé tong, cuong dé, dw dodn.

Summary: Cement concrete is the most widely used material today in construction projects from
infrastructure to civil construction thanks to its good compressive strength and competitive price.
Conducting experiments to determine compressive strength of cement concrete requires high costs and
long implementation time. Therefore, the application of the random forest model is a branch of
artificial intelligence to determine the compressive strength of cement concrete is very meaningful.
Random forest model has been applied to train and test 1030 samples of compressive strength of
cement concrete. The predicted results of the random forest model give relatively high accuracy in two
training and testing cases with correlation coefficients R respectively 0.99 and 0.95. Therefore, it is
feasible to apply artificial intelligence, particularly random forest models, to determine the
compressive strength of cement concrete using many additives. The random forest model can also
identify the most important factors affecting the compressive strength of cement concrete such as
cement and age which is most affecting the compressive strength of cement concrete. The fly ash is the
least affected factor on the compressive strength of cement concrete.
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1. PAT VAN DE

Bé tong xi mang la vat liéu duoc sir dung rong
rii nhét trong cac cong trinh xay dung hién nay
tir ha tang dén cac cong trinh dan dung va cong
nghiép. Pic tinh wu viét ctia bé tong la dé thi
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cong, d& san xuit gia thanh canh tranh va dic
biét 1a cuong d6 chiu nén tét. Do d6 hién nay
tai Viét Nam, bé tong xi mang la lua chon hang
dau cua cac chi dau tu trong cac cong trinh xay
dung. Bé tong xi mang la mdt vat li€u khong
ddng nhét, 1a hdn hop ciia xi ming, nudc, cbt liéu
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thd hodc min va cling véi cac thanh phan phu gia
hoa hoc nhur xi 16 cao, tro bay, phu gia hda déo c6
thé duoc thém vao cac thanh phan bé tong dé cai
thién cudong do chiu nén ciia hon hop bé tong.
Thuc té hién tai, cong tac tién hanh xac dinh
cudng do thiét ké, ciing nhu xéc dinh cip phdi cia
bé tong xi ming van duoc tién hanh bang viée duc
mau va xac dinh cuong do chiu nén cua mau
théng qua cac thi nghiém nén pha hiy. Dbi véi
cac cép phéi khong str dung phu gia, viéc tién
hanh thiét ké cAp phdi thi nghiém s& don gian hon,
tuy nhién khi sir dung dén nhiéu phu gia ciing mot
lac, anh huong ciia cac thanh phan phu gia dén
cudng do bé tong 13 bai toan phirc tap do d6 can
dtic s6 lwong mau 16n dé xac dinh cudng do ciing
nhu thiét ké cap phdi bé tong xi ming dan dén chi
phi tang cao ciing nhu thoi gian dai dé x4c dinh
cudng do cia cap phdi. Do vAy nhim xac dinh
thanh phan cip phdi ti ru ctia xi mang, nudc, cot
li¢u, cong cu s6 1a mot giai phap hitu hi€u c6 thé
ung dung.

Su phat trién ctia cac cong cu sd dé tim ra ty 1¢
tron t6i wu 14 chii d& nghién ciru trong hon bdn
thap ky qua [1]. Muc dich ciia mot cong cu sb
bat ky 1a x4c dinh thanh phan vat lidu cia mdi
cap phdi cho ra cuong d6 cip phdi tot nhit voi
chi phi hop 1y. Trong nhitng nim gan day, di c6
nhiéu moé hinh dy bao cuong do nén bé tong
dugc phat trién [2]-[5]. Tuy nhién cac mé hinh
nay ap dung cho bé tong xi mang vdi it thanh
phan phu gia va trong gi¢i han ham lugng cap
phdi. Mién xac dinh cudng do cua cac nghién
ctru voi mot sd lwong nhoé mau thi nghiém, do
vay kho ap dung cho nhiéu loai bé tong xi ming
voi nhiéu thanh phan phu gia ciing nhu c6 su
phan bd 16n cac gia tri. V&i bé tong xi ming
nhiéu thanh phan phu gia va ¢6 sy phan bd 16n
céc gi tri can c6 mot cong cu md hinh s phu
hop dé c6 thé du doan va nghién ciru anh huéng
clia cac thanh phan trong cdp phdi bé tong xi
mang t&i cuong do chiu nén.

Thoi gian gan ddy, md hinh hoc may (Machine
learning) hay con goi la tri thong ming nhan tao
(AI) dua trén khoa hoc may tinh da dan tré nén
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phd bién va dugc ap dung trong nhiéu linh virc
khac nhau. Nhirng trng dung rong rai cia mé hinh
hoc may hay tri thong minh nhan tao da dugc ap
dung trong nhiéu linh vuc ctia nganh xdy dung
nhu xac dinh lyc t61 han cua thép véi céc hinh thu
khéc nhau ¢ nhiéu bién s phu thudc anh huéng
dén Iyc t6i han cua thép [6], tinh chit co hoc cua
dat [7]. Do d6 viéc tmg dung tri thong minh nhan
tao vao xac dinh cudong do chiu nén cia bé tong
14 hoan toan kha thi. M6 hinh rirng cAy ngau nhién
(RF), mot nhanh phat trién cia tri thong minh
nhén tao dang dugc ap dung trong nganh k¥ thuat
xay dung. Do do, trong bai bdo nay s€ str dung mo
hinh rimg cdy ngau nhién dé du doan cuong do
chiu nén cia bé tong xi ming c¢6 sir dung nhidu
loai phu gia v6i1 ham luong khac nhau.

2. THIET LAP MO HINH DU BAO
2.1. M hinh rimg cdy ngiu nhién (Random Forest)

Random Forests (RF) chi dinh mdt ho cac phuong
thitc hoc may (Machine Learning), bao gdbm céac
thuat toan khac nhau dé tao ra mot tap hop cac cay
quyét dinh, nhu thuat toan Breiman Forest duoc
trinh bay bdi Breiman [8] va thuong duoc su
dung trong tai liéu nhu mot mé hinh chuén. Ban
chét ctia thuat toan rimng ngau nhién d6 1a c6 thé
két hop duoc nhidu cay quyét dinh thay vi chi dua
ra Iya chon dua trén quyét dinh ctia mot cay. Tu
do6, RF co thé giam 16i du doan va cai thién hiéu
suat du doan. Cac budc hoc tap bao gdm xay
dung mot tap hop cac cay quyét dinh, m&i nhom
duoc diéu khién tir mot tap hop con ‘bootstrap, tur
tap hoc ban dau, tic 13 sir dung nguyén tic dong
bao va sir dung phuong phap cam ung cay goi la
cay ng?tu nhién. M(t thut todn cdm tng nhu vay,
thuong dua trén thuat toan cdy phéan loai va hoi
quy [9].

Phuong phap rimg ngau nhién cho phép hoc
song song tir nhidu cay quyét dinh dugc xay
dung va huén luyén ngiu nhién véi nhiéu tap
con chira cac mau khac nhau. Mdi cdy trong
rimg dwoc huin luyén boi mot tap hop con voi
dir liéu dugc phan phdi ngau nhién theo nguyén
tic dong bao va cling c6 cac tinh nang ngau
nhién. Cac két qua cudi cling dugc dua ra dudi
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dang gia tri trung binh cua mdi cdy quyét dinh
cho bai toan héi quy hodc duoc xac dinh bing
két qua da s6 cho bai toan phén loai dir liéu. Vi
nhiéu ru diém cua rirng ngau nhién (RF), thuat
toan ny da duoc ap dung rong rai trong nhiéu
ung dung khac nhau [10].

2.2. Panh gia kha niang du bao ctia mo hinh

Trong nghién clru nay, hai tiéu chi dugc sur
dung 13 hé sb twong quan (R) (correlation
coefficient) va sai s6 RMSE (Root Mean
Square Error) dé danh gia d6 chinh xac ctia md
hinh rirng cdy ngau nhién da phat trién [6]:
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Trong d6: N 1a sb lwong bo dit lidu, po va p, 1a
gia tri thi nghiém thuc té va gia tri thi nghiém
thyc té trung binh, p, va p;, 1a gia tri du doan va
gia tri du doan trung binh, dugc tinh theo mo
hinh du bao.

3. DU LIEU THi NGHIEM
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Hinh 1: Cuong do nén duy dodn cho
phan dir liéu xay dung mo hinh rieng cay
ngau nhién RF
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Trong nghién ctru nay, co s dit lidu vé cuong
do bé tong xi mang dugc khai thac tir nghién
ctru ciia Yeh [10]. Bo co so dir liéu bao gdm
1030 dir liéu vé cudng d6 chiu nén cia bé tong
x1 mang voi viée st dung xi mang va cac loai
phu gia. Cac dir liéu diu vao ciia mo hinh rimng
cdy ngau nhién bao gém 8 dit liéu dau vao bao
gdm xi mang, xi 10 cao, tro bay, nudc, phu gia
hoa déo, cbt lidu tho, cdt liéu min, tudi bé tong.
Dit liéu dau ra ciia mé hinh rimg cdy ngiu nhién
lya chon la cudong do chiu nén cua bé tong xi
mang. BJ dit liéu dugc sir dung trong cong viéc
nay dugc chia ngau nhién thanh hai bo dir liéu
con bang cach sir dung phan phdi thong nhit,
trong do 70% dir liéu dugc st dung dé xay dung
cac mo hinh RF va 30% dir liéu con lai dugc
dung trong viéc kiém chirng mé hinh da duoc
xay dung.

4.KET QUA

Hinh 1 va hinh 2 1an luot 13 két qua cta cudng
d6 nén dyu doan cho phan dir liéu xay dung mo
hinh va tan suét sai s twong (mg giita gia tri du
doan ciia mo hinh va gié tri thuc. Hinh 3 va hinh
4 1an luot 14 két qua cta cudng d6 nén du doan
cho phan kiém chirng va tan sudt sai sd tuong
ung gitra gia tri du dodn ciia mé hinh RF cho
kiém chimg va gié tri thuc.
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Hinh 2: Tan suat sai so gitta cuong do
nén du doan boi RF va gid tri thuc té cho
phan dir liéu xay dung mo hinh
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Hinh 3: Cuong do nén duy dodn cho
phan kiém chirng boi mo hinh rieng cdy
ngau nhién RF

Két qua cho thdy mé hinh rimg ciy ngiu
nhién du doan cuong d nén cho khoang 700
mAiu bé tong voi dd chinh xac twong dbi cao
cho phﬁn huan luyén. Sy sai léch gia tri du
doan 1a rat nho + 5 MPa, va sai s6 xap xi 0
MPa véi khoang hon 500 mau, day 1a mot két
qua rét t6t cho phan xy dyng mé hinh rimg
cdy ngau nhién véi sai s6 RMSE = 1.88 MPa.
Do vdy, mé hinh RF sau khi dugc xay dung
thanh cong s& duoc kiém chimg boi khoang
hon 300 mau cudng dd nén con lai. Két qua
trong hinh 3, 4 cho thiy mé hinh RF sau khi
da dugc huan luyén cho két qua tuong ddi tot
v6i khoang 300 mau cudng dd nén con lai. Sai
s6 trong md hinh kiém ching tap chung chi
yéu trong khoang + 10 MPa v&i sai s6 RMSE
=5.45

Mo hinh héi quy cho 2 phan xdy dung md
hinh va kiém ching dugc thé hién ¢ hinh 6 va
hinh 7. Tt hinh trén ta thy kha ning du béo
cia moé hinh 1 twong ddi cao kha sat véi
cudng do chiu nén thyc té, tuy nhién van cé
su sai s6 voi cac cuong do chiu nén 16n. Giad
tri tvong quan R thu dugc cho phin xay dung
md hinh 13 R=0.99 con phin kiém ching la
R=0.95. Piéu nay cho thiy viéc ap dung mo
hinh rirng cAy ngau nhién RF cho viéc dur bao
cuong do chiu nén cta bé tong 1a rat kha thi.
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Hinh 4: Tan sudt sai sé giita cwong do nén
duw doan boi RF va gia tri thuc té cho
phan kiém chirng

Tuy nhién, hé s6 twong quan R danh cho phan
kiém ching chua thuc sy cao nhu phan dit
liéu dung dé xay dung mé hinh.

Dic biét bing vao mo hinh rimg ciy ngau nhién
RF, vai tro quan trong cia ting yéu to dén
cuong d6 chiu nén cia bé tong ciing duge biéu
dién trong hinh 7. Mitc d6 anh huéng clia cac
tham sb t6i cuong do cia bé tong co thé duoc
xép lan luot nhu ham luong xi mang, tudi bé
tong, luong nudc....
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Hinh 5: Két qua hoi quy mang ANN
cho phan xdy dung mé hinh
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Hinh 6: Ket qua hoi quy mo hinh rieng cay
ngau nhién RF cho phan kiéem chirng

5. KET LUAN VA KIEN NGHI

Bai bao da gidi thiéu mo hinh rirng cdy ngau
nhién RF 1a mot trong nhitng mé hinh cua tri
thong minh nhan tao (Al) trong viéc xac dinh
cuong dd chiu nén cta bé tong xi mang co su
dung dén nhiéu loai phu gia cing véi cac do
tudi khac nhau cia bé tong. Dit liéu dung cho
md phong dugc tap hop tir két qua thi nghiém
du do tin cay. Két qua cho thiy rd mo hinh
ring cdy ngau nhién kha thi trong viéc xic
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Hinh 7: Cdc yéu té anh hwéng t6i cuong do
chiu nén cua bé tong phan tich bang mo hinh
rung cdy ngau nhién RF

dinh cuong do chiu nén cua bé tong voi hé )
twong quan cho mé hinh 13 0.99 va kiém
ching 13 0.95. Sai s6 ctia mo hinh va ap dung
cho kiém chung 1a rat nho chu yéu tap chung
vao khoang sai sd tir + 5 MPa. Ngoai ra, mo
hinh rimg cdy ngiu nhién cé thé chi ra tim
quan trong ctia tng thanh phan cap phdi, voi
xi mang va tudi ciia bé tong c¢6 tam anh hudng
nhit dén cuong do chiu nén cua bé tong,
nguoc lai ham lugng tro st dung anh hudng
nho nhat dén cudng d6 chiu nén cua bé tong.
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