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Tém tit

Bai béo nay gidi thiéu mot md hinh hoc may nhim du doan cuong do Chiu nén cua bé tong ty ]én. Mot tap dir lidu gém
366 két qua thuc nghiém ve bé tong tu 1én dugc thu thap. Bay k{ién s0 dau vao duoc st dung dé danh gia cuong dd chiu
nén. M6 hinh phéan tich hoi quy may vector binh phuong t6i thiéu cho phép du doan kha chinh xac cuong do nén cia bé
tong tu Ién, voi hé so R? trén 0.95.

Tir khéa: cudng do chiu nén; bé tong tu 1én; phan tich hdi quy may vector binh phuong tdi thiéu.

Abstract

This article introduces a machine learning model to predict the compressive strength of self-compacting concrete. A data
set of 366 experimental results on self-compacting concrete was collected. Seven input variables are used to evaluate the
compressive strength. The least squares support vector machine allows quite accurate prediction of the compressive
strength of self-compacting concrete, with an R? coefficient of over 0.95.

Keywords: compressive strength; self-compacting concrete; least squares support vector machine.

1. Mé dau phat tir thyc té thiéu nhan cong lao dong. Loai bé
tong nay co6 cac dac tinh dac biét sau: kha nang
lap day, kha nang vuot qua chuéng ngai vat, kha
ning chdng phéan tang cao (gém ca phan ting
tinh va dong). Khac véi cac loai bé tong khac,

Bé tong tu len (SCC), con dugce goi 1a bé tong
tu dAm, 1la mot trong nhiing loai bé tong duogc st
dung rong rai hién nay. Bé tong nay bit dau duoc
phat trién tai Nhat Ban tir nhitng nim 1980, xuat

“Tdc gia lién hé: Tran Thu Hién
Email: tranthuhien197@gmail.com



4 T. Thu Hién, P. Ngoc Trung, H. Nhdt Pic | Tap chi Khoa hoc & Cong nghé Pai hoc Duy Tan 02(63) (2024) 3-9

SCC khéng yéu cau dim bang ngoai luc tir cac
thiét bj co khi nhu ddm rung, ddm dui... Ngoai
nhing tinh chat vu viét vé thi cong nhu vay, bé
tong tu 1én con duy tri tit ca cac dic tinh co hoc
va do bén chung cua bé téng [5].

Tir nhitng dic diém vé thanh phan va tinh chét
O trang thai tuoi, bé tong tu lén cd nhiing uvu
diém nhu sau: hiéu qua kinh té cao do giam thoi
gian thi cong ciing nhu thiét bi va nhan cong lao
dong, than thién véi moi truong do sir dung mot
lugng 16n cac san pham phu coéng nghiép (tro
bay, mudi silic...), giam tiéng 6n xay dung va cac
mdi nguy hai cho stc khoe nhan cong lao dong.
Pham vi ing dung cta bé tong tu 1én rat rong rii:
cac cau kién bé tong cot thép c6 ham luong cot
thép cao, cac cAu kién doi hoi chat lugng bé mat
hoan thién cao, cac cau kién xay dung kho tiép
can dé thi cong, dam va hoan thién, cac cau kién
bé tong cho cong trinh dac bi€t c6 nguy co nguy
hiém cao [5].

Dé dam bao chat lugng cuia bé tong trong sudt
qua trinh str dung, cac tinh chat khac nhau cta
SCC can dam bao, ca & trang thai tuoi (d6 chay
xoe, 36 nhét...) 14n déng ran (cuong do, tinh co
ngot, tir bién...). Trong sb nhitng tinh chét ctia bé
tong, cuong do nén (CS) cua SCC 1a mot thong
s6 co hoc co ban dam bao kha nang chiu lyc cta
cac cau kién bé tong. Nhiéu tinh chat khac cua
SCC nhu m6 dun dan hdi va cuong do chiu kéo
c¢6 thé dugc suy ra tir cudong do nén. Viée xéac
dinh cuong do chiu nén cua bé tong no6i chung
dugc thuc hién thong qua thuc nghiém. Cong tac
nay doi hoi nhiéu vé kinh phi va thoi gian. Chinh
vi vay, kha nang du doan cuong do chiu nén cua
hdn hop SCC véi cac ty 1¢ thanh phan khac nhau
[3] dong mdt ¥ nghia quan trong. Phén tich cac
hd so thir nghiém hién c6 va xay dung cac mod
hinh théng minh c6 thé uéc tinh CS ctia hdn hop
SCC 1a myc tiéu ctia nhiéu nghién ciru. Sy chinh
x4c cia cac md hinh nay tré thanh cong cu hd tro
thiét ké hon hop SCC. Cong tac thiét ké mot hon
hop SCC véi nguyén vat liéu thich hop dé dat

cuong d6 yéu ciu van 1a mot nhiém vu thach
thirc trong xay dung dan dung.

Trong nhirng nim gan day, cong dong nghién
ctru dd quan sat thdy xu huéng ap dung mé hinh
may hoc (machine learning ML) trong vi¢c mo
hinh hoéa CS cua nhiéu loai bé tong khac nhau,
bao gébm ca SCC [1, 6]. Nhitng mé hinh nay linh
hoat hon so véi cac md hinh thuc nghiém thong
thuong. Tuy nhién, viéc tao ra cac mo hinh chinh
xédc dé udce tinh CS ciia SCC khong phai 1a mot
nhiém vu dé dang. Nguyén nhén 1a do mdi quan
hé gitta CS va cac thanh phan vat liéu cia né 1a
cac ham phi tuyén tinh va da bién. Chinh vi vay,
muc tiéu cua nghién ctru nay la xay duyng mot
mo hinh dy dodn mang dén do chinh xéc cao ¢o
thé du bao cuong do chiu nén cua bé tong tu lén,
huéng dén viéc phuc vu cho cong tac thiét ké va
thi cong SCC mot cach c6 hi€u qua.

2. Dir liéu thue nghiém

Nghién ctru nay st dung mot tap dit liéu duoc
tong hop tir cac nghién ctru trude dé danh gia kha
nang du doan cuong dJ chiu nén cua bé tong tu
lén bang phan tich hdi quy may vector binh
phuong t6i thiéu (LSSVM) [7]. Tép dit liéu nay
bao gom cic hdn hop bé tong ty 1én sir dung
mudi silic dé thay thé mot phan xi mang. Loai
phu gia khoang nay goép phan cai thién va nang
cao nhiéu tinh chét khac nhau ctia bé tong tu 1én
nhu kha niang chdng phan tang, d6 nhét, cuong
do,... [3,5].

Tap dit liéu thu thap duoc gdm 366 mau véi
7 bién du doan nhu sau: ty 16 nudc/chat két dinh,
khéi luong cua chét két dinh, khdi luong cua
mudi silic, khéi lugng cua cdt liéu min, khdi
luong cua cbt liéu thd, ham lugng phu gia si€u
déo va tudi ciia mau bé tong. Trong do, tudi cua
bé tong theo ngay duogc xac dinh nhu mdt trong
cac yéu td anh huong dén cudng do chiu nén cua
bé tong. Cac dic diém théng ké lién quan dén tap
dir 1iéu duoc cho trong Bang 1.
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Bang 1. Cac bién duoc st dung dé dy doan cuong do chiu nén [2]

Bién Ky hiéu | Pon vi Min Trung binh | Tiéu chuin Max
Ty 1& nudc/ CKD X1 0,22 0,38 0,04 0,51
Chat két dinh X2 kg/m?3 359,00 493,09 53,00 600,00
Muoi silic X3 kg/m3 0,00 45,68 36,84 250,00
C6t liéu min X4 kg/m?3 680,00 902,90 101,22 1166,00
C6t liéu tho X5 kg/m3 59500 817,03 112,70 1000,00
Phu gia siéu déo X6 % 1,30 7,21 2,53 15,00
Tudi cua bé tong X7 ngay 1,00 32,37 42,92 270,00
Cuong dd nén Y MPa 21,10 54,01 18,79 106,60

Hinh 1 tap hop cac biéu d6 thé hién tan suét
xuét hién cua tung bién sb. Cac bién sb xuat hién
r0i rac, va hoan toan khong dong déu. Trong
Hinh 2 14 7 biéu d6 thé hién mbi tuong quan giira
tung bién dy doan va cuong do chiu nén cua

SCC- bién dugc méd hinh hoa cua tap dir liéu.
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Céc biéu d6 cho thdy mdi quan hé phi tuyén giita
cac bién dy doan va cuong do chiu nén cua SCC.
Vi Iy do @6, dé du doan cudng do chiu nén cia
SCC mot cach hiéu qua doi héi phai stir dung cac
phuong phap phén tich phi tuyén tién tién.
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Hinh 2. Phan phdi ctia cac bién s6

Kha nang du doan cuong do chiu nén ctia bé
tong tu 1én s& duoc thir nghiém va kiém tra bang
phuong phap M6 hinh hdi quy mang ludi no ron
sau. Tap dir liéu gdm 366 két qua thyc nghiém
duoc chia ngau nhién thanh hai tap con: 90% dit
liéu cho tap huén luyén va 10% dir liéu cho tap
kiém tra.

3. Phwong phap phén tich hdi quy may vector
binh phwong t6i thiéu (LSSVM)

Cac thuat toan Artificial Neural Network
(ANN) c¢6 mot nhuoc diém 1a qua trinh dao tao
cua nd dat dugc thong qua thudt toan gradient

Y
(Bién sb dau ra)

D(x)

Khong gian bién dau vio

X (Bién dau vao)

Ghi chi: Bién s dau ra 1a cuong do chiu nén cua bé

tong tu len.

Ham so Kernel ,

o . ——

trén khong gian 151, c6 thé rat phuc tap va chira
nhiéu gia tri cuc tiéu cuc bd. M6 hinh LSSVM
duoc dé xuit c6 thé st dung dé khic phuc nhugc
diém cua ANN.

LSSVM cho phép md phong dat két qua
chinh xé4c cao. Ngoai ra, LSSVM c6 tde do tinh
toan nhanh. Quy trinh huan luyén ctia LSSVM
duge quy doi vé viéc giai mot hé cac phuong
trinh tuyén tinh. Hé phuong trinh tuyén tinh nay
c6 thé duoc giai quyét hiéu qua bang cac phuong
phap 1ap nhu thuat toan gradient lién hgp. Hinh
3 thé hién ddc diém ctia md hinh LSSVM.

Y
(Bién sb dau ra)

Khong gian bién ddc trung

D(xi)

Hinh 3. M6 hinh LSSVM
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Trong md hinh nay, ham kernel thuong dugc
st dung 1a ham co s¢ (Radial Basis Function-
RBF). Khi d6, c6 hai tham s6 diéu chinh can
duoc xac dinh trong LSSVM, gém tham s6 dinh
chuén va tham s6 ham kernel. Trong d6, tham s6
dinh chuén kiém soét cdc diém dit ligu léch véi
ham hdi quy. Tham sé ham kernel lién quan dén
tinh tron ctia ham hdi quy. Dé dam bao két qua
mong mubn cua md hinh dy doén, céc thong $6
diéu chinh nay can dugc thiét 1ap dung.

#3' LSSVM Program

Least Squares Support Vector Machine for Regression Analysis

Random Data Separation Model Parameters ‘
TeRao [0 | FeoletonPemer I |
RBF Kemel Parameter 1 |
Load Data = =
Data Folder: Model Evaluation (Single Run)
Mean of Output: il
Std. of Output:
Number of evaluations 3 ’
Testing Ratio 0.1
Load Fixed Data Sets .
Load Data and Run
Original Data P 5
Training X Training Y
Clear Clear Close
Testing X Testing Y Chart Result Program

Output Value

Training [ ‘\

4. Két qua va thao luan

Chuong trinh Phan tich hdi quy may vector
binh phuong téi thiéu (LSSVM) dugc phat trién
trén Visual C#NET Framework. Hinh 4 thé hién
giao dién nguoi dung (GUI) cta chuong trinh
LSSVM. Bé chay chuong trinh, cAn cai dit
.NET framework 4.6.1.

Testing Results (For Single Run)

B Actual Data Predicted Data

Model Performance
RMSE MAPE(%) R"2 RMSE MAPE(%) R"2
‘ Testing | \

N.D. Hoang (hoangnhatduc@dtu.edu.vn)

Hinh 4. Giao dién nguoi dung (GUI) ctia chwong trinh LSSVM [2]

Chuong trinh LSSVM hé tro hai cach chay
mo hinh dy doan: chay mot 1an hodc chay nhiéu
lan. Cach chay mo hinh mot lan dugce sir dung
trong nghién ctru nay. Dau tién chuong trinh s&
thuc hién viéc phan tach dir liéu mot cach ngau
nhién. Mot tép .csv luu trir toan b tap dir liéu
dugce chuan bi. Trong tép nay, cot cudi cung
chira bién dau ra, tic cuong do chiu nén cua bé
tong tu lén. Vige chuin hoa diém Z s& duoc thuc
hién ty dong. Mo hinh cling chuyén ddi bién dau
ra vé pham vi ban dau cta né. Thong sd Test
Ratio (Ty 1& kiém tra) can duogc chi dinh. Néu Ty
1¢ kiém tra 1a 0,1 thi 10% dir liéu s& dwoc rit
ngau nhién dé tao thanh tap dir liéu thir nghiém;

phﬁn con lai cua tap dir liéu dugc str dung dé dao
tao mo hinh.

Sau do, 4 t&p .csv s€ dugc khoi tao dé luu trix
dau vao dao tao X, dau vao thir nghiém X, dau
ra ddo tao Y va dau ra thir nghiém Y.

Trude khi chay danh gid m6 hinh, céc siéu
tham s6 ctia LSSVM bao gdm tham s6 chuan hoa
va tham s& ham kernel RBF phai dugc chi dinh.
Hai tham s6 nay c6 thé duoc xac dinh thong qua
cac phuong phap siéu dir lidu hodc tim kiém
dang ludi [4].

Bang 2 thé hién thong sé cta chuwong trinh
LSSVM chay mdt lan nhim dyu bao cuong do
chiu nén cia bé tong tu lén chira mudi silic.
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Bang 2. Thong s6 cia md hinh LSSVM

Ty 1¢ kiém tra

Tham s0 chuan hoa

Tham s6 ham kernel RBF

0.1 30

Tap dir ligu 2

1

Hinh 5 thé hién cac thong s dd duoc st dung ciia md hinh LSSVM va két qua du bao cuong do

chiu nén cia bé tong tu lén chira mudi silic.

Least Squares Support Vector Machine for Regression Analysis

Random Data Separation Model Parameters

Test Ratio 0.1 Reqularization Parameter |30
RBF Kemel Parameter 1
Load Data
Data Folder: D Model Evaluation (Single Run)
Mean of Output:  54.01 m
Std. of 2 18.76
St Muiltiple Model Evaluation
Number of evaluations |1
Testing Ratio 0.1
Load Fixed Data Sets
- Load Data and Run
Original Data R
Training X Training Y
Clear Clear Close
Testing X Testing Y Chart Result Program

Training {0270

Testing Results (For Single Run)

120
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80 — . -
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0 l
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B Actuzl Data Predicted Data

Model Performance
RMSE MAPE(%) R"2 RMSE MAPE(W) R"2
[0479 Jloss  [Festmgi0375 [fos79 [fo95 |

N.D. Hoang (hoangnhatduc@dtu_edu.vn)

Hinh 5. M6 hinh LSSVM du béo cudng dd chiu nén cta bé tong tu 1én chira mudi silic

Mo hinh LSSVM cho két qua du bao cudng
do chiu nén cua bé tong tu 1eén véi do chinh xac
cao. Cac két qua du bao rat sat voi két qua do
dac béng thyc nghiém. Kha nang dy bao cua mo

hinh duoc danh gia théng qua cac chi s6 RMSE,
MAPE va R? va dugc thong ké trong Bang 3. Chi
s6 RMSE va MAPE cang nho, R? cang gan 1
cang thé hién mo hinh du bao chinh xac.

Bang 3. Hiéu suit ciia m6 hinh LSSVM

Tap huin luyén

Tap kiém tra

RMSE (MPa) | MAPE (%) |R?

RMSE (MPa) | MAPE (%) | R

270 4.79

0.98

3.75 6.79 0.95

5. Két luan

Nghién ctru nay da thu thap mot tap dir licu
thuc nghiém vé cuong do chiu nén cua bé tong
tu 1én. Tap dir liéu chira 366 diém dir liéu vé bé
tong tu len st dung mudi silic lam phu gia
khoang thay thé xi ming. Bay bién sé dugc sir
dung dé dy doan cuong do nén cua bé tong.

Cuong do chiu nén cua bé tong tu 1én duogc
du doan bang mé hinh hdi quy may vector binh
phuong t6i thiéu. M6 hinh nay cho thiy kha nang
du bédo chinh xac cuong do chiu nén cua bé tong

tu 1én trén ca tap huén luyén va tap kiém tra. Hé
sd xac dinh R? dat dugc tuong ung 1a 0.98 va
0.95. Két qua tinh toan cho thAy mé hinh hoc
may c6 thé md phong duge 95% - 98% mirc do
giao dong cua gia tri cuong do chiu nén cua bé
tong. Nhu vay, mo hinh nay hoan toan c6 kha
ning ung dung dé giai quyét cac bai toan trong
k¥ thuat xay dung: hd trg cong tac thiét ké cap
phdi bé tong, gitip han ché s luong mau thir
nghiém va tir d6 giam kinh phi thuc nghiém.
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