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Multi-objective Mix Proportion Optimization of Frost
Resistance of Concrete based on LSSVM and GA
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430074 )

Abstract ; Propose a LSSVM-GA model to achieve accurate prediction of concrete frost resistance
and rapid and efficient concrete mix optimization design. First, the least squares support vector
machine (LSSVM) is used to achieve high-precision prediction of the frost resistance of concrete.
Then the frost resistance regression prediction function is used as the fitness function,the concrete
frost resistance and economic cost are the optimization objectives, and the mix ratio parameter
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constraint conditions are established in combination with engineering requirements and related
specifications. Finally, the genetic algorithm ( GA ) is used to realize the multi-objective
optimization design of concrete mix ratio. Taking an engineering project in Jilin Province as an
example , the calculation results show that the RMSE of the model for predicting the frost resistance
of concrete is as low as 0. 0025, and the R” is as high as 0. 976. The accuracy of the prediction
results is high. Using the obtained LSSVM prediction regression function as the fitness function,
combined with the GA algorithm for multi-objective optimization , the optimal mix ratio of concrete
that meets the specifications and engineering requirements can be obtained. Taking concrete frost
resistance and economic cost as the goal,the LSSVM-GA model is constructed to achieve a more
intelligent and accurate multi-objective optimization of concrete mix ratio in this paper.

Key words : concrete impermeability ; chloride permeability coefficient; support vector machine ; GA

algorithm ; mix proportion optimization
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Fig. 1 Multi-objective optimization model of concrete

mix ratio parameters based on LSSVM-GA algorithm
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Table 1 Antifreeze sample data of C50 concrete

K, pOKIR)/ p(BHRIK)/ p(HEERL)/ pCHEERD/ p(BUKFD)/  p(REIK)/ HIX B BAVERR/

F5 K i i _ _ X
(kg'm™)  (kg'm™*) (kg'm~?) (kg'm?)  (kg'm™?)  (kg'm™?) %
1 0.29 417 49 691 1127 1.2 24 95.71
2 0.32 376 70 732 1097 1.2 24 94. 07
3 0.33 375 47 730 1 095 1.1 24 93.73
98 0.3 416 53 683 1101 0.9 24 95. 64
99 0.36 355 48 684 1112 1.0 23 94. 65
100 0.31 353 64 686 1153 0.9 24 94. 44
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Fig.2 Optimized 3D view of frost resistance
prediction model parameters based on LSSVM
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Fig. 4 Prediction results of the test set of relative

dynamic modulus of elasticity



53 4]

SV ES LT LSSVM 5 GA pYIREE T PAEL HEREL & AL o 399

H & 3 AT LLE TR BE P o
RIYINAE P iR 22 0 0. 010 18, LA {1
FE4 0. 938 98 A AULG 45 FARLS | Uh 15
AU A 5% 22 (B A PSR RS T T e 5
(Y272 X YA AS A 7 S, S0 (L
RN [ CI = | v o N = LS e
B TR TP R SR A A A 1Y 18
FRi%2% 4 0. 002 516 3, A1 0. 976 46,
VB LSSVM AR R0 X2 (7% 38 I 1 5 52
1 [ a1 VT P N o[ VAN O 22 o we IR Y
LSSVM Tl A 76 75 0 55 S R 47 HLiZ Ak g
.

3.3 ETFGAMRBEIEAILSBIRMLL
3.3.1 ## HArek%k

(1) TREE L HUrRE B A5 iR %L

T AR B AR X TR PR R
BEAT R B LSSVM (8] 9 ek 554 Sk TR Bk +
PUAYE B AR B, 1B 52 300 YR AlE 21 5 Y
AT Bh s AR AE 95% LA b ARG (11) 7]
FRIREE TPk B AR R A
minf, (Issvm (x,, Xy, X3, Xy, X5, X5, X5 ) ) >
95%. (14)
K x,, x,, x5, x,, x5, X, X, 70 B FR 7R K
b KU M AR A
B KGR Ak K

(2) &V WA B bRk

FR A TR S5 BUA o TR AL L
e QI VIR N N | B B N R 1
0.442 Jt/kg, 7K B 0. 002 Jo/kg, b 5.
0. 136 Jo/kg, £1 541 0. 102 JT/kg , By 15 K B
#r0.369 Jo/kg, WK A 4.75 Jo/ke, i
JRHEMY 1.3 J0/kg, MRAEEC(12) A LIS F)R
EE LA HL 255 AR H bR pR ik
minf, =0. 442x, +0. 002x, (x, + x; +x,) +
0.369x, + 0.136x, + 0.102x, + 4.75x, +
1. 3x,. (15)
3.3.2 @ AFGER

TE = R e RE VR BE 1 AT L T B 75 X6
JE AP R A B e BE, 2B E#E P 0525

IR, B S A I A SR R TR E 1
BOREIAE BRI Bl R AR K LA
SETREE AN 5 M, [ — i AR R e TR
BE SR B AP R PERE . AR AH DG RILE A &
TRESEPRELR 2 A A B A S BUUE L
R, HLrRok S HE R 0. 28 ~ 0.4, 7K T8 FH 330 ~
450 kg/m’ By A i 56 ~98 kg/m’ b i
620 ~860 kg/m’ ,£1 #1030 ~1 150 kg/m’,
B O SRR 0.7 ~ 1.9 kg/m?  BEIK
FHEN 18 ~28 kg/m’, [F] Aef VR 6 + 5 i . 22
KB —EBR, MENBLA PRI 2 SR 451
R (13) 5 Bl A b S 800 HAR 2 34k
EE .

0.28<X,<0.4;

330 <X, <450;

56 <X, <98;

620 <X, <860;

1030 <X, <1150;

(16)

18<X,<28.
3.3.3 GA Z Hipfftk

SCHIE A B B PR R AT R 1
B RS XU T AT 2 R, HLAE AR %
BR 0.7 538 o 1 R — MR B AL AR
MYRAIEAR BT 728 S48 1 28 R Al
0. 01 ; WIERFIBE K /NI B 405 e Rt (&R
BB 607 MRSV AR AR A B AL T
IEERE, JET R dE ST 1) B bR s BUR 29 RS
Fil, i GA Z Hinmt e Bk il & th 4
Jar 3, BOETEAR 60 WRIE 1S B AL H 4 A
mE 5 Fis,iz17 GA FILAF 210 40
FeEb A5 R K 2,

H &5 ATLLE Y, Bl 5 AH X 2 3 P 5T
(T TRBE 1 28 5% AR L AE RS, e A
X} B A AR R E 93% ~ 98% BUH , IR EE 24
TeMA N AE 415 ~ 445 JTHUE ., TAGAL H AR
3R 300 YRR A I 5 A AE X ol PR e 7E



400 WHERKESMARBFR)

9537 %

95% LA I, I L AR SR AR Ak H 5 [F] B 25 18 A
PR, N 3 rT LA ), A X g s A i
IR E] BERTR R T, TRBE - A 205 il
ANy 426.925 TG, M FRLAARFRIRLBE + /K BT
H N 0.32, KU &k 382.018 kg/m’, B M
TR & K 67.615 ke/m’, 4 5 K & K
656. 018 kg/m’  FHAE R} 0 1103. 52 kg/m’,
WK F) N 156 kg/m®, iE K &R
18.0 kg/m’ . #E T A ARIEILAL AT 2N LA
FEHEA TR IO, AT AR AR TR B B 1k
FOR B[R] B SEIZR T A e, SR H
R BE DT IS, AT DUVER R A TR A SE bR 75
SR PR b A T IR EE A LR AR

P R M = 1 IR EE G LB RIS R
Bk,

45 -
wl %

435+ o

VAT
& &
(]
&

S
8

415

410 A A A A A )
-98 -97 -9 -95 -94 -93 -92

XS 3 B R %
5 GA £ Hinilfbsh

Fig. 5 GA multi-objective optimization results
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Table 2 The matching parameters and optimization results of pareto optimal solution

T p(KIR)/ p(KEIK)/ p(AEERL)/ pCHEERL)/ p(WKK)/ p(BEIK)/  MIXFTEhIRME 23R
(kg'm™) (kg'm™®) (kg'm~?) (kg-m~?) (kg'm™?) (kg-m7?) HiE/% /70

1 0.33 381. 174 78. 700 622. 045 1126. 98 0.96 18.3 94. 68 424. 874

2 0.36  364.940 74.930 620.008  1128.40 0.94 17.6 93.18  416.705

3 0.30  415.832 75. 458 631.369  1124.95 1.12 20.0 97.00  439.798

37 0.32  382.018 67. 615 656.018  1103.52 1.56 18.0 95.04  426.925

38 0.3 369.871 80. 474 620.653  1134.08 0. 88 16.9 94.09  421.239

39 0. 30 415. 832 73. 895 627. 249 1124.95 1.21 19.5 96. 89 438. 220

40 0.34  369.092 80. 142 620.198  1132.85 0.90 17.3 93.99  420.674
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