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Multi-objective Optimization Design of Concrete Mix Proportion Based on
Response Surface Methodology and Genetic Algorithm
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Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai 201804, China;
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Abstract: To realize the multi-objective performance of concrete proportion design, the optimal ranges for slag
content, fly ash content, and water/binder ratio in C40 ready-mixed concrete were studied though single-factor
experiments. The response surface methodology was employed to construct quadratic polynomial regression models,
with which the effects of different slag content, fly ash content, and water-binder ratio on the slump and compressive
strength of concrete were systematically investigated. Furthermore, the non-dominated sorting genetic algorithm
(NSGA-1I ) combined with the technique for order preference by similar to ideal solution( TOPSIS) comprehensive
evaluation method was applied to achieve the multi-objective optimization design of concrete mix proportion. The
results demonstrate that the regression models of concrete slump and 28 d compressive strength established by response
surface methodology have correlation coefficients of 0.944 7 and 0.960 4 respectively, indicating good prediction
accuracy. The fly ash content has a significant influence on the slump, while the compressive strength is mainly affected
by the water-binder ratio. After optimization, the optimal mix proportion scheme is obtained as follows: slag content

of 8.66%, fly ash content of 25.00% , and water-binder ratio of 0.34. The relative error between the predicted values
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and the experimental values is less than 5% .
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Table 1 Performance parameters of Cement

Setting time/min

Flexural strength/MPa Compressive strength/MPa

Density/ Specific surface Requirement of normal
(grem ) area/(m*kg™ ') consistency(by mass)/ %
Initial Final 3d 28d 3d 28d
3.10 372 28.3 179 286 4.8 7.7 27.6 46.3
R2 THHEESH
Table 2 Performance parameters of slag
e .
Density/ Specific surface Activity index/} Liquidity ratio/ % Moisture content SO, content(by IL(by mass)
N ‘ _iquidity rati
(grem™?) area /(m*/kg) 7d 28.d Amcity ratior (by mass)/ % mass)/ % /%
2.88 436 91 99 99 0. 20 0.24 0.78
x3 MIRRHEESH
Table 3 Performance parameters of fly ash
Density/ Specific surface . Water demand SO, content(by Free CaO content L
. , F ss/ Y . ° Activity index/ !
(g-em ™) area /(m*-kg ) ineness/ 2% ratio(by mass)/ % mass)/ % (by mass)/ % ctivity index/ 7%
2.30 350 15.3 100. 0 0. 36 0. 64 77
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Fig. 1 Grading curves of fine and coarse aggregates after mixing
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Table 4 Code levels of each parameter

Code level
Code Influence factor
—1 0 1
A ws/ % 5.00 10. 00 15. 00
B wpa/ % 15.00 20. 00 25.00
C my/ my, 0.34 0.35 0. 36
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Fig. 2 Effect of slag contents on performance of concretes
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Fig.3 Efect of fly ash content on performance of concretes

JEE I R R A ) 2 S R R s R
PR 38 B AE w0 <<15.00% BF JC B W36 K 5 2w, =
15.00% B, VR &E T B9 9 i B i K, 28 d Bt R o B
52w 15.00%~25.00% B, TR 8E 1 09 T/E M
A A X 5 A L 0 5 8 B A T U g L 34 R R
Ko FETHERESHT 5 & Tr M PPAL 45 2R w1 B A
T B E M 15.00 % ~25.00% o
2.1.3 KK

JK R Ll o TH B PR RE 9 B WL 4. f R 4 AT

340 700
= Slump - Flowability

320 | 1600

300 | \/\\ {500 £
£ £
E 280+ 1400 2
£ i
£ 200 1300 5
w2

240 | 1200 2

220 1100

200 1 1 1 1 1 0
0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39
mwlmg

(a) Workability

U« FE T e PR R R B R B S L Bl K IR
L i/ my B3 AN 5 5 BEAIG, IR B R e
P AN [ 35 1) 062 0 5 70 S 58 B oy /a8 K 222 AR
A A g/, RE RS VR EE R B EAE X S R
TR+ T AEVERE R LR BE 1T my /g, 3k 5 W) 25 AR
58 5 2 my/my=0.35 B, TR EE £ YHE B R 255 mm,
PR A 585 mm, 28 dHT iR EE A 62.3 MPa, $1ik F|
B K. I, 275 7% %, J5 225 T By /my, LA
0.35 4 K, e K B HE i el ok 0.34~0.36.,

80
70 -
60 -
50 -
40
30 -
20 L P17
10

O3d B7d [£28d Es6d

Compressive strength/MPa

0.33 034 035 036 0.37 0.38
mw/mB

(b) Compressive strength

P4 KB oo TR BE P RE A4 5 1

Fig.4 Effect of my/my on performance of concretes



o414

AR R A5 < T R O AT 3 M 38 A Bk A TR RE T e 2 A AR AL BT 133

2.2 MR EZEE RS
2.2.1 AT

) o7 1A 0 R T A2 R LR 5. iR 5T L, ik
5 (AN FUIAE B R A — 3

K H Design-Expert #X {4 , b 8 2k P (linear) £
A T A HAR AL (2FT) Rk £ 312X (quadratic ) £ U
F =K (cubic) B 7% g BE B 28 d Bt s B2 5 34>
AR B G R PLA ROCR . RIS AR i 35 4 (P<<0.01
g He @2 50.01<<P<<0.05 4 & % ; P>0.05 N K &
) R PLITKE B (lack of fit) DL K A% iF 2R %L R 5 Wi
FRECR, W45 5, e ik e S AL, RSl R

PLIGURS: 36 v P A B e 3 56 5000 5 A5 7R R A DG 11 f 5
FREE, 4 P>0.05 R MR 580 BE Bl & Rir . 9}
T N 28 d PLIE 9 B 2 AR 5 & T 25 SR WL 3% 6.
Y2 6 1] L, ok 22 T A 2R A 19 ) g {53y v 38 3
PR AR ALY PAE 4R 0.000 5, F B AE & W3 5 8
LI P 23 349 0.839 5.0.915 4, ¥ 9 A W3 s R
RSJHE 1o BOR FH R 22 30 XA 7 43 A TR B + 19
W% B A1 28 d i 5

i RSM X IR BE + 1 #r 45 it B BB i &
K H B2 A B R AT Zon RUA M A T
P& B 28 d Pt He ik B [l ALY

x5 MEEXBIRITMER
Table 5 Design and results of RSM experiments

Code level Slump/mm 28 d compressive strength/MPa
A B C Tested value Predicted value Tested value Predicted value
—1 —1 0 250 249 60.73 60.94
—1 1 0 260 259 59. 84 59.58
—1 0 —1 260 260 62.02 62.56
—1 0 1 265 266 44.00 43.52
0 —1 —1 250 251 70.41 69. 66
0 1 —1 265 266 69.33 69. 06
0 —1 1 260 259 58.69 58.96
0 1 1 265 264 56. 23 56.98
0 0 0 255 252 65.21 62.29
0 0 0 250 252 59.82 62.29
0 0 0 255 252 63.41 62.29
0 0 0 250 252 62.81 62.29
0 0 0 250 252 60. 19 62.29
1 —1 0 250 251 62.29 62.56
1 1 0 260 261 61.55 61.34
1 0 —1 265 264 56.13 56.61
1 0 1 265 265 53.40 52.86
x6 NEENMREERESHAZENNER
Table 6 Comprehensive analysis results of multiple models for slump and 28 d compressive strength
P-value
Property Model R’ RP2
Model Lack of fit
Linear 0.1189 0.052 2 0.203 2 —0.1005
2F1 0.849 3 0.0314 0.0404 —1.0225
Slump
Quadratic 0.000 5 0.8395 0.8737 0.776 1
Cubic 0.8395 0.8170
Linear 0.039 8 0.045 4 0.336 7 —0.0632
28 d compressive 2F1 0.5369 0.0349 0.299 4 —0.9799
strength Quadratic 0.000 5 0.9154 0.909 5 0.8755
Cubic 0.9154 0.8589
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Table 7 Variance analysis of slump regression model

Source Sum of square Degree of Mean square F-value P-value Significance
freedom
Model 619.63 9 68. 85 13.29 0.001 3 Significant
A 3.13 1 3.13 0. 60 0.462 7 Not significant
B 200. 00 1 200. 00 38.62 0.000 4 Significant
C 28.12 1 28.12 5.43 0.052 6 Not significant
AB 0.00 1 0 0 1.000 0 Not significant
AC 6.25 1 6.25 1.21 0.308 3 Not significant
BC 25.00 1 25.00 4.83 0.064 0 Not significant
A* 47.96 1 47.96 9.26 0.018 8 Significant
B’ 0.59 1 0.59 0.11 0.745 2 Not significant
c’ 295.33 1 295.33 57.03 0.000 1 Significant
Residual 36.25 7 5.18
Lack of fit 6.25 3 2.08 0.28 0.839 5 Not significant
Pure error 30. 00 4 7.50
Cor total 655. 88 16
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Table 8 Variance analysis of 28 d compressive strength regression model

Degree of e
Source Sum of square Mean square F-value P-value Significance
freedom
Model 559. 69 9 62.19 18. 86 0. 000 4 Significant
A 5.75 1 5.75 1.74 0.228 2 Not significant
B 3.34 1 3.34 1.01 0.3479 Not significant
C 259.62 1 259.62 78.74 <2 0.000 1 Significant
AB 0.48%107* 1 0.48x107° 0.15X107* 0.9705 Not significant
AC 58.42 1 58.42 17.72 0.004 0 Significant
BC 0.48 1 0.48 0.14 0.7152 Not significant
A’ 126.53 1 126. 53 38.38 0.000 4 Significant
B 77.73 1 77.73 23.58 0.0018 Significant
: 35.88 1 35.88 10. 88 0.0131 Significant
Residual 23.08 7 3.30
Lack of fit 2.53 3 0.84 0.16 0.9154 Not significant
Pure error 20.55 4 5.14
Cor total 582.77 16
R BEUEUEREER
Table 9 Results of model reliability tests
Response value R’ R R/} C.V./% Adeq precision
Y, 0.944 7 0.8737 0.776 1 0.88 9.669
Y, 0.960 4 0.909 5 0.8755 3.01 18.772
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Fig.5 Studentized residual distribution of slump and 28 d compressive strength
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