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Abstract; [ Objective] Concrete, as the cornerstone of national economic construction, necessitates the accurate prediction of its
compressive strength for the design and safety of engineering structures. This study aims to predict concrete compressive strength
using Deep Neural Network ( DNN) models and proposes the RF-NSGA-II algorithm to optimize concrete mix proportions,
[ Methods ] Fifteen DNN model architectures with different hidden

layers and neuron numbers were constructed and evaluated for performance, selecting the best model.

achieving dual optimization of compressive strength and cost.
Hyperparameter
optimization strategies and Bayesian optimization were employed to enhance the predictive performance of the DNN model. The
performance of the DNN model was compared with Support Vector Regression (SVR) and Random Forest ( RF) models. The
[ Results |
The result showed that the optimal model had 3 hidden layers and 64 neurons (3L-64u). After optimization, the DNN model’s
MAE and MSE decreased by 18% and 27%, respectively. Compared to the SVR and RF models, the optimized DNN model
reduced MAE and MSE by 4% and 12%, and 11% and 15%, respectively. [ Conclusion]Case validation demonstrated that the
DNN3-L64u-BOP model’s predictions aligned well with experimental values, and the RF-NSGA-II algorithm effectively reduced

RF-NSGA-II algorithm was used to optimize concrete mix proportions to meet strength requirements and cost control.

costs while meeting engineering strength requirements. The Bayesian-optimized DNN model successfully predicted concrete
compressive strength, and the RF-NSGA-II algorithm exhibited excellent performance in multi-objective optimization of concrete
mix proportions, showing significant practical value in engineering applications.

Keywords: concrete; DNN; compressive strength; prediction; optimization; mechanical properties; influencing factors; deep

IR

learning

13

0 3l

TREE R A S R R T s Bk 25 R AR, Hoit
FRE B 2 i O H ST R e 5 G O B 1 R 4R
PRV ARERYBIR G RIS B 22 00 R 0T, YRR 4 v il T
) JEURA e S HL S YR e = PERE ) R S 8, 19l
3 AR R BRI AT A B AR AT LA k2
PE R R BE SR EE T SRR AGR A S R AT AR
P UAE, RS IREE A s vk R
2R E IR AFREE PR, WA FE R
/NS NG s TR IR LS W2 W TRV R TN 5 & R 128 e e e WA N
JEUST BT T R AT — 5 B 4 56 R i B R AR
P, FTIrAFAC G Bl 0 TR - O B SR
RefF e R 2=, Wik, W EREHITELE=E
ME

FE LR DA (R B He 5 5 T A5 B A B A
S R RO R , (R T 2 BHE X R
U] S A5 43 TR HE ) Bl T L AR Y &
&, MlLan2e>), UREE2: ) MET BRI 1) A SR G 147t
FEsi 5 H i e SR R e AR S RO
(IR, UREE 2% 20 i PO AR AR BEICRIRE | 3 4 B A
TS, T DU B U 2 B rh s AR RRAE 1]
wn, ZERSE K, KR, 4iER HE R, &
YR K UK AR,
TIHT N T2 M4 ( ANN ) AR5 Sk F ) I e + 5
CHOPRA"™ Fb&Z T ffi FH AN T #2224 (ANN) | BiHL
FARAR(RE) FPESRAS (DT ) 45581 T I ¥R 55 4470 5 38 )

KFKEBEAR(PHRL) E56%5 2025 FFE4H

PEfE, FETIHRE I BRAIR ANN BB AR T35l AL
P STAB AT 5 g () T R R 5 WA g O
GERBL, N T A 22 9 45 0] L 1000 T 56 - S A
B, TRINERG RIS 96% , 45K TR 26 4 TR G
KPRy R UREE 2 ) MR TE SR P e
S5 TR LA — R N FH AT B, (A 2B IR R
FRZAES BRI 5 256, BSEE B SR
XA R REAT R, (H E G T R R A B 5 A
XFFR OIS A, YR 2 BB B ST O T S
IR, BRI B 0 B = R
PR S IE R, JE— 20 BRI T AR A S P R 92 R
FHUOY D AESCPR TR, RS A IR B PR
SRIE IS ME— Y B AR, BT R AR BT AR AR AN
A%, TSR RS AR A TR TR,
iR A A F AT B A i g F 22 B bR i)
A, e TR H MR, AT YA Z
HapRr HbR, DASCIMERR R | AR AR R 1k
TP 2 B i, A R R
Mz Birf ik —, HRBOR A EFM AR
FEHE, ZAVALA 450 K 3R 3 f HE P 846 5 1R
( NSGA-TD) PSR ZE R BT A o e 9 22 B AR e
Ja &Ik, NSGA-IL 454 TR dE SR HE 7 . A0
PR ER AR BT RE B = Fh vk, REMS PR B R ot iF
TIEBREHET , 155 Pareto SRR MEMI ZREM:, i35 T
FHARRENSILFISE S, MIMAS 2B fd, Homas kst
PE, AN, SCARIPEF MRS e R, DA
B LR TR ) foe A (e A 2 e e Z R A A 9T 2 & HIE

195



ES)

W], NSGA-II HE4LE AT HI T2 H bR Ak i s5eid F i T
H 2 —_ BAYKASOGLU %51 L) w5 YR ¥ + bt & o
BE L OBUASRTRT I T P A AR bR, B T 3T NSGA-
11 e+ 22 BRI AR | SCP sy i Bk £ LA
PUFRSREE | A A AT T A Ak B AR 0 BE H fe AR
fif, Wit FIRBFIE AL, NSGA-II X flZ Hanl Ak )y
BT DA R S B T 2 R A T 9 IR B G L
etk

BT AR B, it RE ML M4 (DNN)
HARGET MR KR, WK, Mo,
Ry . K WK, KRR A E R, SRR
] PSR S, A E— A5 A U B TR e b
JERRJE IR AR, SR 1 030 414 JF I IR & 1
BC LE M, PEAG T 1S B AS [5) A TR ol 45 ) 6% A 7
5 (ORI R Z , AR TT) , L e M
KA HY Ik ¥ 7 1R 22 (MSE) R OF- Y 4 % 5% 2%
(MAE) WHEARIERE T i AR 58 8 S H0R AR
PE— AR AR T R, SR T T LAY
SRR RL AT HL A, LA SR UE BT R AR AR 0 A R
3 Al A AR AR, A I R e A R R
i BEE, AR PR R ) R S Rz A Re )y . JE S
T U 1Ly ] B A S PR TR e R, SR SCE T R
BT HEAT VR BE + o e o B T, O £ — Bl RF-
NSGA-II F &2 Hir 8 e e LR EE+ 7 d BUE
SRIE . 28 d PURSR B UL KA 2 (8] ) 22 H bR EC H A
b, BRI TR BE BT o B T AN R ) [
B e /MU LA
1 FHLER
1.1 HlEHFES
1.1.1  FALA&Mk

BEALARAR (R ) FE 4 A ) i S, 3l ok 44
SRS IR T T 45 R He B8 T 0 24 o
P, HAERUREWME 1 PR, HAE T ER kAR S )
G HEICILGE N, SE A Bk R 2 A
R P B A M R T
1.1.2 ZHEGEM

FEEm R EH (SVR) & SRR ) AL (SVM) AT
AR R 0 TH, ) T4 —AS i,
%1 RE S f K AL IE OREA ] g (R B, DT $RE T 5328
FIUERREE AN IR 2 FF7s . 7 SVR W, % i d 2 LU
i 55 AR DGR pRE, X TR Ze b [l 9 7]
WL AHEE, BAIEE 20N LS SVM AR Y 5k
PEAGTREE + AT R A

%/ BETREFINEG B HRE TR A R R ST

B

196

1 BEHLR MR
Fig. 1 Random forest model

2 SVMREZH
Fig.2  SVM model structure

1.1.3 @#H*

AR, AW A U 2 B bR AR AR TR) Y T
e, Hirh, BEEE (NSGA-ID) Hk ok 2 fift g 2 )
@.E/‘Jﬁ&ﬁﬁ@i, Al UFE— R AR TP 4R 2 24> Pareto %
i, NSGA-I J& —Fp ek i iy st fL 5k, B AT
Pareto IR MMESINATZ B bRIEAL N, RIXS Rl v
P RIEATIE SCECHEST , R J5 42 BEARE /N B K I
FERBEANAR T BT NSCA-IT #4752 H stk iy
ALRIE

(1) FEMRFEER/ NN N, Gadvede | 38R
A3 ARG AR — RS AR/ N N, X

KFKEBEAR(PHRL) E56%5 2025 FFE 4 H



APHHEG FELAIRIF RN I 2N BRRAE

(2) XF 2N USRI EA T AR SCBCHEY, DL E
AMRBIAESCIZ I, > SR AR PR B MR, B
BN —AR A RS R TR A R/, IR %
TAESRCAER L,

(3) MR X R P MR THER , i
SRR A LA BTG LR SR S e R M /MEL, TR 1Y
il K73 SR DA W

1 & . y
D=—X |ft -4 (1)
m -

KA, m AR BFRECRE s £L B RS+ 1 RYAME
EFReRE; £, WE k50— 1 AR B AR sREL,

(4) TEREET —MORMMES, B PRI T ik
P SCSURIZE ARV E AR 1 J5 AR

(5) HELIR(2)—PIR(4), HINERKREGE
S E FIERR KL, I4RTS Pareto Heffi#

1.2 l*fg%—]

W 2% 2) ( Deep Neural Networks, DNN) j&—#Ff
ETMamMgrblay S8R, HEESAERAZZ
(W) 45y, WK 3 iR, it 2 2 02 M 45 45
Fy, GRS 2T RERS I UG B Hh A 32 ) A TG
FRAE Ko, JF 0S8 g oy 2k e, R KA
157

°(//A\\¢,,/A\\\

\‘ \\\
o ”/A&\?«,@'A
« \‘Z
YA l

\

.»

kool

' "11 lrd

S '« 3&w§m?!9?§
“\V/ ‘\
AT

\ W
.A “. e A‘ /"A A\‘\

| o\\\\V’""“\V/'

B3 REFIEBEWTE

Fig. 3 Schematic of deep learning model structure

DNN 5884 38 i+ 8 52 AT A 1) 1 [ A ok o ]
BUF A, B IR LT I 2R a9 A, 1900 O 22
FHOE RS R EINAE 2R, Bl N A Z T R, &
B—ER B BRI E R, B AR
e SACEAE, 0 b, AR5 RO R R B
FEENZ R, AR

KFKEBEAR(PHRL) E56%5 2025 FFE4H

=ieix, /ETRESZIME BAREARIRE TR ST R TR

ZWUx} + b, (2)

a, =0(z) (3)
qu x AN 5w, A b HAE MR E ;o AL
75 BRI (U RelLU B, Slgmmd) z, N R R
oRED=NEOF S L=
S 3 38 2o DX 43 ST RN S BRAE 2 [ A9 15 2 2k 2 )
BRI 22 . 0T 2 01822, IR 2% R n)
L2, R AEMRE, DiR/Me
BRI A, HARH
oL

o =0 (4)
w; = w, g; (5)

R, LRI o TR,

2 BEWcsE Ko

2.1 WHEkE

KT Github (https: //github. com/) Fr A FF
1 1030 MEATREE - S50 T4 g SR i 4l
B, EHREMIELLUNEE . KR . L M
K, KL WOKF MR, diERL SRR PR
SREE ., BRPUESREEAL, B 8 ANRRAEAE 15 8L A
A, USSR B AR RS
2.2 HIERMAESIT

Bl 4 SR T 8E 4 b 3 R 2 78 BohE 4 P i oy
Mo KIRIIARTE 145~166 kg/m® Z[6), &y 0 W4
MAE0~47 kg/m® Z[A], Ky BEIK 20 A0 7€ 0~ 22
ke/m® Z [0, /K FE 434 7E 183 ~ 195 kg/m’ Z [H],
MK B A AE 0~ 12.5 kg/m® Z[8]), HH Bl
I3 AE 900 ~ 1 000 kg/m® Z [A], 40-E B4 £ 763 ~
825 kg/m’ Z[A], [R5 LE B S E BLAN, IR ]
Y R 2By M E e 7 d 28 d, BUE SR A A 1
10~ 40 MPa Z i,

AN RGBSR SR UEAT T Geit2& L orbr, Hae
TSN 1 BT H, 10 R AR Bs 4 o AR b A T
TREENK, SEEHTAER KR, &P
WL OEIR . K UK MUERE . A E R R
] ) DA KB e s FEFE A48 s Hh B35 M (P<0.05) o iX
FEUH T AR 4 B8 206 1E 25 00 A A SRR, B g i
Wb, XA R A TEA R IR
2.3 HIEHEXES

R AR AR O AT, DA 5 A 78 %) 330
K EE 383 AR A i B AR 2 1) A G R
B, FIWE S A TURFFIEAS &, 75 0ff A2 i 1] £

197



Figix, F/BEBTREZINE BFMARIRE RGBT RTINS

. !
400 50 ' . ! .
. 3 LI ¢
KU wET i:
200} ;,;'4; e HEEE
L_IhlihLs.... = . .
s H
300 VA ] ]
eyt 200 [ e HIEEY
[ L . .
00| KA 1 i
8.;:..;----- (17 T $ s
20! Y §
& s Bee 3
gt e e o7
B 100 e . F e
258 - - = wasons o0 o o
200 s 4
P : .
150
30
& 20t
R H .
«\ 10 .
0 .
1100 .
1000 |
ML :
900 1+ ]
1808
H
gEEe 800 . b
600
ﬁﬂjﬂﬂ‘l‘lﬂ 200 [ e . wenseiuer o o
HEY oS Se—
0 18 8
75t ' .
. -
50 ¢ i i ¢ ]
P % : . ¢ 3
25 | o H
o # ) : 2 t .
250 5000 200 O 200 150 200 250 20 800 1000 750 100 250 0 50
KU AP R K WKH HLERE R RPN BUERE
Zz %
4 WANTHHSHEMSE
Fig. 4 Distribution of input and output parameters
1 BASEMEHSHSITRIFE
Table 1 Statistical characteristics of input and output parameters
AR, A FE{E b2 s BE s K-S #5
KPR 1030 281. 168 104. 506 0.509 -0.521 0.079(0. 000 ™)
[ GRS 1 030 73. 896 86. 279 0. 801 -0.508 0. 261(0. 000 )
IR 1030 54.188 63.997 0. 537 -1.329 0. 351(0. 000 ***)
7K 1030 181. 567 21.354 0. 075 0.122 0. 074( 0. 000 ***)
WK 1030 6.205 5.974 0. 907 1.411 0.218(0. 000 ***)
ML 1030 972.919 77.754 -0. 040 -0.599 0. 064( 0. 000 )
Ak 1 030 773. 580 80. 176 -0.253 -0. 102 0. 086( 0. 000 )
Eialini] 1030 45. 662 63. 170 3.269 12.169 0. 337(0. 000 ***)
LR 1 030 35.818 16. 706 0.417 -0.314 0. 041(0. 000 ™)

L EIR P<0.05; ™ FR P<0.01; ™ IR P<0.001,
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Fig. 7 Error comparison of different model frameworks
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Randomforest(X,, X,, -+, X,) = %Z (h(x)=Y)
(15)
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i h(x) AR Y ki h AR i (s H AR
Ase), JFH kFRs RF B RSER AR, Pk
5 F AR R BT LA A
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TREEL 22T AR B bRk %, W LARR

f, = min z; %, (17)
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HF, Mpaens Zowew) NI Pareto 1 F 8 B AL F5
(e, o Zo,, ) FERLTH AR,

B 2 Pareto 5 H 54230 FARL S 15

Uﬂpt =min(U,) (20)
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BISSG, MARRESRE, IRE R (20£2) C, #
SHEEERT 95%, E 12 MHIVERTREE ik

B 12 SEgETiRIERHR

Fig. 12 Concrete test specimen
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F4 BELDHRABRERELRSER

Table 4 Uniaxial compressive strength test results of concrete specimens

No. | ZK¥e/kg » m™ | By kg - m™ | AK/kg + m™ | WokFl/kg - m™ | HLEHL kg - m™ | 4Bk kg - m™ | 7 d BUEREE/MPa |28 d HUESRE/MPa
1 380 95 228 0 932 594 28. 47 36.45
2 266 114 228 0 932 670 31.57 45.85
3 198. 6 132.4 192 0 978. 4 825.5 21.31 28.02
4 304 76 228 0 932 670 36. 56 47. 81
5 139.6 209. 4 192 0 1 047 806. 9 24.32 28.24
6 427.5 47.5 228 0 932 594 27.48 37.43
7 237.5 237.5 228 0 932 594 29.21 30. 08
8 332.5 142.5 228 0 932 594 20. 48 33.02
9 190 190. 0 228 0 932 670 30. 11 40. 86

10 374 189.2 170. 1 10. 1 926. 1 756.7 42.17 61.09

11 313.3 262.2 175.5 8.6 1046.9 611.8 43,21 59. 80

12 425 106. 3 153.5 16.5 852.1 887.1 44. 56 60. 29

13 425 106. 3 151.4 18.6 936.0 803.7 43.76 61.80

14 375 93.8 126.6 23.4 852. 1 992.6 48.23 56.70

15 475 118.8 181. 1 8.9 852.1 781.5 49.34 68. 30

16 469 117.2 137.8 32.2 852.1 840. 5 41.25 66. 90

17 425 106. 3 153.5 16.5 852.1 887.1 43.25 60. 29

18 388.6 97.1 157.9 12. 1 852.1 925.7 36. 65 50.70

19 425.0 106. 3 153.5 16.5 852.1 887.1 48.36 60. 29

20 318.8 212.5 155.7 14.3 852.1 880. 4 35.81 55.50

21 401. 8 94.17 147. 4 11.4 946. 8 852.1 47.25 68. 50

22 362.6 189.0 164.9 11.6 944.7 755.8 59.12 71.30

23 323.7 282.8 183.8 10.3 942.7 659.9 58.21 74.70

24 379.5 151.2 153.9 15.9 1134.3 605.0 39.17 52.20

25 362.6 189.0 164.9 11.6 944.7 755.8 54.21 71.30

26 286. 3 200. 9 144.7 11.2 1 004. 6 803.7 48.94 67.70

27 362.6 189.0 164. 9 11.6 944.7 755. 8 51.69 71.30
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Fig. 13 Measured concrete compressive strength prediction results
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HoRAF

fi =max|{RF[g (x,, x,, =+, %) ]} (21)

K, 0, 0y, x5, x,, x5, xg AN ERARAKIE, Wl
K, OKIEE . A RE, R UK E S,
4.2.4.2 R RKRAREHK

TRIRE 1 1% B BRAS AT DA 2 AR R s A R 4 57
ZINARIT MR, TREE L R R SEBR A
ToKVE ., 7K. BRI AERE . HLERE, BRI
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min f, = 0.35x, + 0.002x,(x, +x,) + 0.38x, +

0.125x, + 0. 102x, + 4. 65x,(x, +x,) (22)
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BGE 0 LN 2 — E R BRI 5 gl JF kT
JitE T FR R BE 29 AAF Fh =X (22) B
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Table 5 Constraint conditions of concrete mix proportion

(23)

HA it/ kg + m™?
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Fig. 14 Pareto solution set for target optimization

ARSI %, ORIz T R AT 6 3k,
Pareto fFEEH A B, C AN R IREE LBCA LG ST
AP ESRE BARA . A HARPLLL R TR BC L
RIS TSP T 8 BE 5 AN 3R 6 Firsil
%6 Pareto fi#fEH A, B, C fxt ) BIREF
BELTEEE
Table 6 Objective values and concrete mix proportions corresponding

to points A, B, and C in the Pareto solution set

5 A B C
X 413 422 410
X 74.3 78 72
X3 0.32 0.32 0.31
X4 670 673 667
X5 1 095 1103 1 094
X 0.98 1.12 0.93
7 d HUESRSE/MPa 32.86 | 42.71 | 30.25
RF-NSGA-II 28 d YRR/ MPa 47.02 52.41 45.18
WA/ TC - m? 403.74 | 410.38 | 400. 80
I MPa 74d ﬁiﬁ%? 33.36 | 41.87 | 31.47
28 d PR 46.77 53.41 | 44.14
. 7 d PUEGREE 1.52 1.97 4.03
R/ % N
28 d BRI E 0.53 1.91 2.23
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