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UNG DUNG THUAT TOAN CNN-1D BE DU POAN CUONG PO
CHIU NEN CUA BE TONG SU DUNG CHO CAC CONG TRiNH BIEN

Nguyén Thi Thu Huong', Nguyén Thi Phuwong Thao’

Tém tit: Cuong dd chiu nén cia bé tong la mét chi tiéu quan trong, dong vai tro then chét trong viéc
xdc dinh kha ndng chiu tai va @ bén ciia cong trinh. Poi vi bé tong thuong, cwong do nén cé thé dir
dodn théng qua cdc cong thire thire nghiém da dwoce xdy dwng c6 san. Véi bé tong vmg dung cho céng
trinh bién, viéc di dodn dwoc cwong do chiu nén khé khdan hon do t6 hop cdc thanh phan vt liéu phire
tap va khéng cé cdc cong thire thiwe nghiém cé san cho loai bé tong nay. Bai bdo dé cdp dén viéc sir
dung cac moé hinh hoc may voi thudt toan CNN-1D dé du dodn cuwong do chiu nén cua bé tong co su
dung cdc loai phu gia ing dung cho cong trinh bién. Bé dir liéu chay mé hinh gom 1093 mdu chia thanh
2 phan theo ty I¢ train:test la 70:30, ngodi ra svr dung 42 mau dé kiém dinh dé chinh xdc ciia mé hinh.
Két qua chay thir cho thdy d¢ chinh xdc ciia mé hinh xdy dung dwoc twong doi tot. Két qua mé hinh cé
thé givip cho cdc nha nghién civu trong linh viee chuyén nganh sir dung nhw mot cong cu hé tro qud trinh

tinh todn xdc dinh thanh phan bé téng, giam thoi gian va ndng cao chat long thiee nghiém.
Tw khéa: Hoc may, thuat toan, du doan, cuong dé nén ctia bé tong, cong trinh bién.

1. PAT VAN PE

Bé tong 1a loai vat li¢u xay dung dugc su dung
rong rai nhit trén thé gidi do c¢6 nhiéu wu diém so
v6i cac vat liéu khac. Dé dam bao réng cac két cAu
cong trinh hoat dong an toan va 6n dinh trong subt
thoi gian st dung theo tudi tho thiét ké, viéc
nghién ctru cac tinh chit co hoc ciia bé tong 1a rat
quan trong, trong d6 cudng do nén 1a chi sb quan
trong nhit vi né lién quan tryc tiép dén su an toan
cua cong trinh. Viéc danh gia cuong do cua bé
tong nhanh chong va chinh xac c¢6 anh hudng 16n
d6i voi chat lugng va tién do6 thi cong cla cong
trinh. Tuy nhién, bé tong dugc tao thanh tir cac
thanh phan khac nhau, vi du: ¢t lidu thé/min, xi
mang, phu gia, v.v., dac biét bé tong ung dung cho
cac cong trinh bién thuong st dung két hgp mot
s6 loai phu gia dé tang do bén khi chiu cac tac
dong pha hoai manh li¢t. Mot hé théng phtc tap
nhu vay khién viéc du doan chinh xac cuong do
nén cua loai bé tong nay tré thanh mot thach thirc
16m do chua c6 cac cong thirc thuc nghiém duoc
xay dung sin. Phuong phap truyén théng nhét dé

! Khoa Céng trinh — Truong Pai hoc Thity lpi
? Khoa Céng nghé théng tin — Triwong Pai hoc Thiy lpi

do cudng do nén cua bé tong 1a bang thir nghiém
vat ly, bang cach ché tao khdi thir nghiém bé tong
hinh khéi hodc hinh try theo thong sé thiét ké, c6
thé do béng may thir nén sau mét thoi gian bao
dudng tiéu chuan. Tuy nhién, cach 1am nay ton
kém ca vé thoi gian va tién bac nén hiéu qua lam
viée s& rat thép. Khac véi cac cach thuc nghiém
truyén thong, mot sé phuong phap hodi quy thuc
nghiém duogc dé xuét dé du doan cuong do chiu
nén ciia bé tong voi ty 16 hdn hop thiét ké cho
trudc cia cac thanh phan khac nhau trong bé
tong (B. Bharatkumar, et al 2001; S. Bhanja, et al
2002; M. F. M. Zain, et al 2009; De-Cheng
Fenga, et al 2020). Tuy nhién, quan hé¢ gifra
cudng d6 bé tong voi cac thanh phan cia cia no
khong thé hién mdi quan hé tuyén tinh don gian
ma 1a mdi quan hé phi tuyén tinh phuc tap, diéu
nay khién cho viéc xac dinh cac biéu thic hoi
quy chinh xac cho quan hé nay la vo cung kho
khan (Zhu Xue-bing, 2011).

Trong nhitng nim gan ddy, v6i su phét trién
cua tri tué¢ nhan tao (Artificial Intelligence - Al),
viec st dung k¥ thudt hoc may (Machine
Learning - ML) dé du doan cudng d6 nén cua bé
tong dang la xu huéng. ML 1a mot nhanh cua Al
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va ¢ thé duoc st dung cho mdt sb bai toan, vi
du: phan loai, hdi quy, phan cum, v.v. Du doan
cuong do nén cua bé tong la mot dang bai toan
hdi quy trong hoc may. So véi cac phuong phap
truyén théng, cac thuat toan hoc may co thé tu
hoc tir dir liéu dau vao va dua ra két qua dau ra
c6 do chinh xac cao (H. Salehi, 2008; Daihong
Li, et al 2023).

Cho dén nay, nhiéu thuét toan hoc may da
dugc st dung dé dy doan cuong do nén bé
tong, trong d6 mot sb thuat toan cho két qua tdt
nhu Mang than kinh nhan tao (Artificial Neural
Network - ANN) va Rirng ngau nhién (Random
forest — RF). Ngoai ra, mot s6 phuong phap
hoc két hop (Serkan Kiranyaz, 2019) dugc ap
dung vao bai todn nay va cho do chinh xéac cao
hon, hiéu qua hon. Y tuong co ban cua mé hinh
hoc két hop 1a st dung dir liéu dé huan luyén
mot s6 mo hinh hoc yéu, sau d6 két hop nhirng
mé hinh yéu nay dé xay dung mot mo hinh
manh m& hon. Nhitng mé hinh yéu dya trén cac
thuat toan hoc khac nhau, vi du: ANN hodc FR,
SVM, ... nhung khi két hop chung lai cé thé cai
thi€n d6 chinh xac dy doan va do tin cdy cua
mo hinh.

Trong nhitng nim gan dy, su phat trién cia
cac mo hinh hoc sau dd mé ra mot hudng nghién
ctru méi ing dung giai quyét cac bai toan chuyén
nganh. Cac mo6 hinh hoc sdu véi cdt 161 1a mang
no-ron va cac 16p riéng biét dé trich xuét dic
trung tir dit liéu da giup giai quyét dugc nhidu
bai toan véi dit li€u kho cling nhu mod ta dugc
mdi quan hé phi tuyén gitta dau vao va dau ra.
Khéng nhirng thé, voi vu diém co thé thiét 1ap
mot md hinh sdu, nhiéu 16p voi cac cach hiéu
chinh tham sé khac nhau phi hop véi timg loai
dir liéu, cac mo hinh hoc séu cho phép thiét ké va
xdy dung nhitng mo hinh tir don gian dén phirc
tap dé giai quyét cac bai toan cu thé. Mot nhanh
cua hoc sau duogc ung dung nhiéu dic biét trong
thi gidc may tinh 1a m6 hinh mang no-ron tich
chap (CNN) vdi céc 16p tich chap cho phép trich
rit dic trung cua dir liéu nhiéu chiéu nhu hinh
anh hodc video. Vi wu diém hoc duoc rat tot cac
dic trung cua dit liéu, moé hinh nay di thay thé
hoan toan cac moé hinh cii trong bai toan thi giac

may tinh noi chung va bai toan nhan dang hinh
anh noi riéng.

Mot bién thé ciia mé hinh CNN véi cac 16p
tich chap mot chiéu (Conv1D) ciing dang thu hut
sy cht y cua cac nha khoa hoc. Lop ConvlD la
16p tich chap vdi cac bo loc mot chidu duge st
dung dé trich xuat dic trung trong mat sb dir liéu
c6 dang vec-to mot chiéu, dit liéu chudi thoi
gian, di liéu am thanh,.. Trong bai bao nay, thuat
toan Convolution Neural Network (CNN) 1D
duoc st dung va Kkét hop voi 1093 bo dir licu
thyc nghiém bé tong dé phat trién mo hinh du
doan cudng d6 nén bé tong va 42 mau dugce sir
dung dé kiém tra d6 chinh xac cia mé hinh.

2. GIOI THIEU THUAT TOAN MANG
THAN KINH TiCH HQP (CNN)

Gan déy, sy phat trién cua cac mo hinh hoc
sau da md ra mot ky nguyén maoi trong viéc giai
quyét cac nhiém vu dy doan va phén loai. Mot
trong nhirng mang no-ron dugc s dung nhiéu
nhit trong thoi gian gan ddy va thu dugc nhiéu
két qua tot 1a mang no-ron tich chap — CNN.
CNN dugc viét tit cia Convolutional Neural
Network hay con dugc goi la mang no-ron tich
chdp (Serkan Kiranyaz, et al 2019), 1a mdt trong
nhiing mé hinh hoc sau cuc ky tién tién, boi
chung cho phép xdy dung nhitng hé théng c6 do
chinh xéac cao va thong minh. CNN la mang no-
ron uu viét giap hoc tot trén dir liéu ludi hai
chiéu. V&i su ra doi cua nhiéu kién trac CNN
khéac nhau, nhiéu nhiém vu phat hién, nhan dang
va phan loai hinh anh da duoc giai quyét d& dang
ma khong can trich xuat cac dic trung trudc khi
dua ching vao mé hinh. Uu diém cua CNN 14 no
Kkét hop viéc trich xudt dic trung voi viéc hoc tap
dua trén cac ddc trung nay trong mdt mod hinh
duy nhit. Mang no-ron tich chap dang nay
thuong dugc goi 1a "CNN-2D". Mot bién thé cua
CNN-2D 1a CNN-1D d3 duoc dé xuat dé giup
tim hiéu cac dic trung trén dit liéu chudi hoic
vecto mot chiéu, phii hgp vdi bai toan trong
nghién ctru. Uu diém ctia CNN-1D 14 sb luong
tham s6 va d6 phuc tap tinh toan it hon nhiéu so
vo1 CNN-2D. M6 hinh CNN-1D cho bai toan du
doan cuong dé bé tong dugc md ta trén Hinh 1
nhu sau:
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Hinh 1. M6 hinh CNN-1D cho bai toan dw doan
cuong do bé tong

Ham kich hoat st dung cho mé hinh CNN-1D
trong nghién ctru 1a ham ReLU (Rectified Linear
Unit). Day 1a ham kich hoat rat dugc wa chudng sir
dung trong cac m6 hinh hoc may. Cong thuc ham
ReLU nhu sau: fix)=max(0,x), trong d6: Néu (x) la
s6 duong, thi f(x) = x; Néu (x) 1a s6 am, thi fix) =0.

Uu diém cta ham ReLU la tinh don gian va do
do giap tang tbe qua trinh huén luyén mo hinh.
Tiép theo ham ReLU khong gip vin dé mat
gradient nhu ham Sigmoid va ReLU gilp mang
no-ron c6 kha nang hoc dugc cac ham phi tuyén.

3.CO SO DU LIEU THUC NGHIEM

3.1. Mo ta dir liéu

Pé xay dung mo hinh dy doan can mot lugng 16n
dit liéu thuc nghiém vé cuong do chiu nén cua bé
tong. Dé dat dugc muc tiéu niy, ching t6i di thu thap
1030 két qua thi nghiém cudng do chiu nén cia bé
tong duoc cong bd tai cac ngudn dir liéu mo trén
internet (L.-C. Yeh, 2008; De-Cheng Fenga, et al
2020) c6 tinh tuong tu véi dir ligu trong nghién clru

cua tac gia, két hop véi 105 dir li€u tir cac thi nghi€ém
thue té cua tac gia (Nguyén Thi Thu Huong, 2016).
Trong 105 mau tir tap dir liéu trong nghién ciru clia
tac gia s& dugc tach thanh hai phan, 63 mau két hop
vGi bd dit liéu tham khao tir internet dé huin luyén va
kiém thir mé hinh, 42 mau dé xac thuc lai d6 chinh
x4c ciia md hinh mét 1an nita truée khi dua ra danh
gia cudi cting vé chit lugng mo hinh.

Viée str dung két hop hai bo dir liéu tir ngudn
dir liéu mé va dir liéu thuc nghi¢m cua tac gia sé
giup dam bdo tinh chinh xac khi &p dung cdc mo
hinh hoc may (thudng can mét bo dir liéu du 16n)
va twong thich vé6i két qua thu dugc trong nghién
clru cla tac gia, tir d6 co thé dugc 4p dung trong
cac nghién ctru tiép theo & Viét Nam. Bé tong
dugc thir nghiém c6é thanh phin gdm xi ming
Pooclang, silica fume, tro bay, nudc, phu gia si€u
déo, cdt lidu thd (d4), cbt lidu min (cat), va duoc
bao dudng trong diéu kién chuin mot thoi gian
truée khi thi nghiém nén mau. Sau dé, cuong do
nén cua bé tong dat dugc thong qua quy trinh thir
nghiém nén dién hinh ctia mau hinh tru c6 chiéu
cao 150 mm. Tong cong ¢ 9 tham s trong bo dit
lidu thir nghiém. Tén, don vi, gia tri t6i thiéu/tdi
da, gia tri trung binh va d¢ Iéch chuén (SD) cua
cac tham sd thir nghiém duoc liét ké trong Bang 1.
Trude khi bat dau qué trinh hoc, trude tién phai
xac dinh cac bién dau vao va dau ra. Thanh phan
vat liéu va thoi gian bao dudng déu anh hudng
dén cuong do nén cudi ciung cua bé téng, do d6
téng cong co 8 bién dau vao (X = {X1; X2; ::3;
X8}) va 1 bién dau ra (Y) dwoc xem xét trong
nghién ctru nay va dugc trinh bay trong Bang 1.

Bangl: Céc thong s trong thi nghiém cwdng dd nén ciia bé tong

Tham s Don vi Min Max Mean SD Kiéu
X1: Ximang kg/m3 102,00 540,00 281,17 104,51 PAiu vao
X2: Nudc kg/m3 121,75 247,00 181,57 21.36 | Pau vao
X3: Cét lidu tho (d4) kg/m?3 801.00 114500 | 972,92 | 77,75 | Pauvao
X4: C6t lidu min (cat) kg/m3 594,00 992,60 773,58 80,18 | Pau vao
X5: Phu gia siéu déo kg/m3 0,00 32:20 6 gio 20 5,97 Dau vio
X6: Silica fume kg/m3 0,00 359,40 73,90 86,28 | Pau vao
X7: Tro bay kg/m3 0,00 200.10 54,19 64:00 | Pau vao
X8: Thoi gian bao dudng ngay 1,00 365,00 45,66 63,17 | Pau vao
Y: Cudng d6 nén MPa 2,33 82,60 35,82 16,71 | DPaura
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3.2. Truc quan héa dir liéu
Phan b6 thong ké cua cac tham s6 lién quan

dugc v& trong Hinh 2, c6 thé giup ching ta c6
quan sat truc tiép cac thong so.
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Hinh 2. Phén phéi thong ké cdc bién dau vao/dau ra

4. MO HINH DU POAN CUONG PQ NEN
CHO BE TONG DUA TREN THUAT TOAN
MANG NO-RON TiCH CHAP (CNN)

4.1. Xay dung mo6 hinh

Trudc khi dwa vao moé hinh, dir liéu duoc
chudn hoa v6i ham StandardScaler trong thu vién
sklearn.preprocessing dé tao ra mot phan phdi co
trung binh bang 0 va d6 léch chuan bang 1. Sau
khi dit liéu dugc chudn hoa, tién hanh chia dit ligu
dé dua vao xay dung mé hinh. St dung b0 dir liéu
concrete data.csv gém 1093 mau chia thanh 2
phan, phan Train dé huan luyén mé hinh (70 %
tuong Ung v6i 765 mau) va phan Test dé kiém tra
két qua moé hinh (30% twong tng véi 328 mau).
Dung 42 mau con lai trong bo dit liéu thi nghiém
cla tac gia dé xac thuc lai két qua mé hinh mot

lan nita truée khi dua ra danh gia cudi cing vé
chit lwong mo hinh. So d6 mé ta quy trinh giai
quyét bai toan dy doan cudng d6 nén cia bé tong
nhu Hinh 3.

md hinh

Fesgg

(765

Test = Xac thyc dd
(328 — m — chinhxéc |—»
méu) : (42 méu)

Hinh 3. Quy trinh gidi quyét bdi todn dy dodn
cuong do nén cua bé tong

M0 ta tong quan vé md hinh va so lugng tham
s0 trong mo hinh nhu sau:
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Model: "model conv1D"

Layer (type) Output Shape Param #
ConvlD 1 (ConvlD) (None, 4, 64) 384
ConvlD 2 (ConvlD) (None, 2, 32) 6176
ConvlD 3 (ConvlD) (None, 2, 16) 528
MaxPoolinglD (MaxPoolinglD) (None, 1, 16) 0
flatten (Flatten) (None, 1 0
Dense 1 (Dense) (None, 3 544
Dense 2 (Dense) (None, 1 33

Total params: 7665 (29.94 KB)

Trainable params: 7665 (29.94 KB)

Non-trainable params: 0 (0.00 Byte)

M6 hinh nay su dung ba 16p tich chap 1
chiéu v6i s6 lwong va kich thude Kernel dugc
thuc nghiém véi nhidu trudng hop khac nhau nhu
trong Bang 2.

Biang 2. Bing tong hop s6 hrong
va kich thwdc bg loc trong cac trwong hop

S6 bd loc (kich thuwéc bd loc)

Lép 1 Lép 2 Lép 3
64(3) 32(3) 16(2)
64(4) 32(2) 16(1)
64(4) 32(3) 16(2)
64(3) 32(3) 16(3)
32(3) 64(3) 128(3)
128(3) 64(3) 32(3)
128(4) 64(3) 32(2)
64(5) 32(3) 16(1)

2

4.2. Két qua va phan tich

4.2.1. Thuc nghiém 1: Thay doi so bé loc va
kich thudce b loc ciia mé hinh CNN-1D d@é tim
ra tham sé tot nhit cho bai todn

Trong thuc nghiém nay, tac gia da thay d6i s6
lugng bod loc va kich thudc bod loc tai mdi 16p
CNN nhu trong Bang 2, danh gid m6 hinh véi
timg trudng hop va duoc két qua 1a mé hinh dat
d6 chinh xac cao va sai s6 nho khi thiét 1ap s6 bd
loc va kich thudc bé loc twong ng cho 3 ting nhu
sau: 64(4), 32(3), 16(2).

4.2.2. Thuc nghiém 2: Danh gia mo hinh,
kiém tra, xdc thwe két qua véi cdic tham sé di
chon o thuc nghiém trén

Sau khi huin luyén mé hinh véi 500 lan lap, dd
thi sai s6 MAE va dd thi mat mat thu duoc nhu
trong hinh dudi day:

Train last value: 11,7135
Test last value: 34,6022

Hinh 4. 6 thi sai s6é MAE va do thi mat mat Loss

Do thi sai s6 thé hién sy khac biét giita gia tri
thuc va gia tri du doan cia mé hinh trén tap huén
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luyén va tap kiém tra. DO thi mat mat thé hién gia
tri cia ham mat mat (loss function) trén tap huin

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 88 (3/2024)



luyén va tap kiém tra. Qua dd thi nay, co thé nhan
xét qua trinh huin luyén mé hinh nhu sau:

- D6 thi sai s6 va d6 thi mat mat c6 xu hudng
giam dan theo s lan lap (epoch) cuia qué trinh
huin luyén. Diéu nay cho thiy mé hinh dang hoc
va c6 cai thién két qua;

- Hai dudng thé hién sai s6 va mit mat cua tap
huén luyén va tap kiém tra trén hai do thi tuong ting
gan nhau va khong c6 khoang cach qua 16n. Diéu nay
cho thiy mé hinh khéng bi qué khdp (overfitting) hay

. N ; |
R
) ..‘..f_,_"_*l,., "
- ‘;\_):"".'a
Al e
' .;'. 5. :"
‘1'7?.":
(a)

dudi khép (underfitting) véi dit li€u;

- D6 thi sai s6 va dd thi mat mat twong ddi 6n
dinh va khong c6 bién dong qua 16n. Diéu nay cho
thiy mo hinh khong bi anh huéng qua nhiéu boi
nhiéu trong dir liéu hay téc do hoc (learning rate)
qua cao;

D6 chinh xac thu dugc v6i bo kiém tra la
88,9%, xac thuc mo hinh véi 42 mau con lai cho
d6 chinh xéac 1a 87,2%, voi db thi scatter lan luot
trong hinh dudi day:

(b)

Hinh 5. Twong quan giita gid tri dir dodn va gid tri thuce té véi (a) tdp kiém tra va (b) tdp xdc thuc

Hinh 5 cho thiy, phan b cac diém thé hién gié tri
du doan va gia tri thuc té tuong dbi gan dudng 1:1,
chig to sy trong quan tot gitta gi4 tri gia tri du doan
va gia tri thuc t& ciia md hinh du doan cudong do bé
tong trén ca tap dir liéu kiém tra va tap dir liéu xéac
thuyc. M6 hinh du doan cuong do nén R28 cua bé
tong hoat dong t6t v6i hé s6 xac dinh R-square bﬁng
0,90 trén tap dit liéu kiém tra va 0,83 trén tap dir liéu
xac thuc. Ngoai ra, sai s6 toan phwong trung binh
(MSE) va sai s6 tuyét di trung binh (MAE) ciing rat
thap, cho thdy mé hinh c6 do chinh xac cao trong viéc
du doan cuong d6 chiu nén cua bé tong loai cod st
dung phu gia tmg dung cho cac cong trinh bién.

5. KET LUAN

- Trong ndi dung nghién ctru nay, mgt mé hinh
tién tién, mo6 hinh mang no-ron tich chap CNN-1D
duoc ap dung dé du doan cuong do nén cua bé
tong tng dung cho cong trinh bién. Pay 14 loai bé
tong c6 thanh phan vat liéu phirc tap, chwa co cac
cong thirc thyc nghiém lap sén dé dy doan cuong
dd, nén vi¢c ing dung md hinh hoc may, hoc sau
dé duy doan cuong d6 nén cua bé tong di giai
quyét duoc han ché nay va mang lai nhitng hiéu
qua thiét thuc;
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- Nghién ctru sir dung 1093 mau dé huin luyén
va kiém thir mo hinh, trong d6 1030 mau tir ngudn
dir liéu m& trén internet va 63 mau tir nghién ciru
thuc nghiém cua tac gia. Dung 42 mau con lai
trong phan dit liéu thir nghiém cua tac gia dé xéac
thuc moé hinh trude khi dua ra danh gia chat luong
md hinh. Toéng cong c6 9 tham sb trong bod dir
liéu, trong d6 c6 8 bién dau vao va 1 bién dau ra
dugc xem xét trong nghién clru nay;

- Két qua nghién ctru dat duoc 14 xay dung duoc
m6 hinh CNN-1D cai dit trén nén tang Jupyter
notebook. Két qua thyc nghiém mo6 hinh da duogc
danh gia bang cac chi s nhu: PO chinh xé4c, R-
Squared, MAE, MSE. Céc chi sé danh gia cho thdy
md hinh dat chit luong tét véi d6 chinh xéac trén
87% Vi tat ca cac tap hudn luyén (765 mau), kiém
thir (328 mau) va tap xac thuc (42 mau);

- V6i mé hinh xay dung duoc, c6 thé du doan
duoc cudng do nén bé tong véi cac ty 1& hon hop
khéc nhau tai cac thoi diém khac nhau mot cach
hiéu qua. Do d6, 6 thé sir dung mé hinh dé kiém
tra xem ty 1& hdn hop thiét ké co dap tmg duoc
yéu cau vé cudng d6 muc tidu hay khéng hodc c6
thé sir dung dé xem sy phat trién cuong d6 nén &
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cac d6 tudi khac nhau. Hon nira, mo hinh ciing ¢6  mot lac, vi du: cudong do, do sut, v.v. Do do, mé
thé duogc coi la co s&, mo rong thanh cac m6 hinh  hinh nay c6 thé ap dung dé t01 uu hoa ty 1€ tron
da dau ra dé du doan mot s dic tinh bé tong cing  cho cac gia tri cudng do yéu cau nhat dinh.
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Abstract:
APPLYING CNN-1D ALGORITHM TO PREDICT COMPRESSIVE STRENGTH OF
CONCRETE USED FOR MARINE STRUCTURES

The compressive strength of concrete plays an important role in determining the load-bearing capacity
and durability of the project. For normal concrete, compressive strength can be predicted through
available empirical formulas. With concrete used for marine structures, predicting the compressive
strength is more difficult because the material composition is complex and there are no available
empirical formulas for this type of concrete. The paper mentions the use of machine learning models
with the CNN-1D algorithm to predict the compressive strength of concrete using additives for marine
structure. The model running data set includes 1093 samples divided into 2 parts according to the train:
test ratio of 70:30, in addition, 42 samples are used to test the accuracy of the model. The test results
show that the accuracy of the built model is relatively good. Model results can help researchers in
specialized fields use it as a tool to support the accurate calculation process, determine concrete
composition, reduce time, and improve experimental quality.

Keywords: Machine learning, algorithm, prediction, compressive strength of concrete, marine structure.
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