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Optimization and Performance Study of Desert Sand Concrete Mix
Proportion Based on Response Surface and NSGA-II Algorithm

GONG Lei, QIN Yong-jun*, TIAN Yuan, HUANG Dong, FENG Bei-sen
(School of Civil Engineering and Civil Engineering, Xinjiang University, Urumgqi 830017, China)

[ Abstract] To explore the impacts of various factors on the performance of concrete, the response surface methodology was adopted
to optimize the concrete mix proportion. In the experiment, the water-binder ratio, the dosage of steel slag, and the content of desert
sand were taken as variables, with a focus on analyzing the main performance indicators such as the slump of concrete, compressive
strength, and splitting tensile strength. The experimental results indicate that the content of desert sand has the most significant influ-
ence on the slump of concrete, while the compressive strength and splitting tensile strength are mainly affected by the variation of the
water-binder ratio. With the increase of the content of desert sand, the slump, compressive strength, and splitting tensile strength of
concrete exhibit a trend of initially increasing and then decreasing. When the content of desert sand reaches 30% , the performance is
optimal. The addition of steel slag can enhance the fluidity of desert sand concrete (DSC). As the amount of steel slag increases, the
compressive strength of DSC shows a decreasing trend, and the tensile strength increases initially and then decreases. The addition of
steel slag interacts with desert sand, particularly on the tensile strength of DSC. Through response analysis, the optimal mix proportion
was obtained as a water-binder ratio of 0. 39, a dosage of steel slag of 10% , and a content of desert sand of 30% , at which the com-
prehensive performance of DSC is the best. Finally, non-dominated sorting genetic algorithm II (NSGA-1II ) was utilized for multi-ob-
jective optimization, which yielded a more complete solution set, thereby providing certain technical support for the application of DSC.
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Table 1 Cement composition table

%y R/ % WSy /%
Ca0 54.38 MgO 2.45
Sio, 24.36 R,0 0.86
Al, O, 7.17 K,0 0.65
Fe, 0, 2.92 Na, O 0.50
S0, 2.88 HAlh 3.83
TE: R, O SRR BT i) 5 12,
F2 WEWBSR
Table 2 Composition of desert sand

s R/ % % it/ %
Sio, 55.61 K,0 2.32
Fe,0, 2.44 Na, 0 2.08
AL O, 9.56 Ti, O 0.36
Ca0 14.38 P,0;, 0.14
MgO 2.54 Aty 12.24

1.2 REAER
WIELIKIE L (A) kB (B) WEmbE &

(C) HHREIATE A it 8 o 5 a0 56 [ 2 £
KB 10% KP3E 35% K ) UM I BE A1 )
1.7% . HAiid 5k O ARk e, U ab &
REB 4k, >R H] Design-Expert #04 H1 Y Box-
Behnken Jitdtiz il 77 58, ¥ H = & =K, 3t
HEAT 17 Ak, & R ZEF AR 3 s,

£3 MEEEEEE

Table 3 Range of response surface factors

AF KRR mEER B% BEBER %
A 0.36 0 20
K 0.39 7.5 30
mKF 0.42 15 40

2 RS

2.1 KBEER
MR TR Bt = FE A W M RE I B0 O R b o)
(GB/T 50080—2016) 5 (& R & + )1 # M rE i 50



2025,25(13)

FRIE, A LT NS AR SR HR IR AL B 1 X VR IR BE B Al 5573

J7ARIE) (GB/T 50081—2019 ) 73 5l #E A7 P 2 1
BNy 5 £ A R o o R BE LS
WA-300 HUH Jitga L, i HHE B 28 d $itlE
SRS 28 d BFRBTRR I T AR, Wk 4,
F4 RWHER
Table 4 Test results

wn A B Cr% YHER, PR, B

mm MPa 35/ MPa
1 0.39 0 20 110 65.73 3.96
2 0.36 7.5 20 75 59.39 3.75
3 0.39 7.5 30 118 58.50 3.85
4 0.36 0 30 65 68.54 3.93
5 0.42 7.5 20 100 54.61 3.42
6 0.39 7.5 30 120 52.53 3.95
7 0.42 15 30 105 55.18 2.85
8 0.39 15 40 100 52.41 3.57
9 0.39 7.5 30 125 53.68 3.87
10 0.39 15 20 110 52.68 2.41
11 0.39 0 40 85 52.61 3.19
12 0.42 7.5 40 65 48.40 2.99
13 0.36 7.5 40 45 50.55 3.91
14 0.39 7.5 30 120 52.62 3.80
15 0.36 15 30 65 52.24 3.38
16 0.39 7.5 30 120 53.74 3.95
17 0.42 0 30 75 60.07 3.55
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WRAHNE S DSC HEER X R, FIH Design-
Expert 8RR 56 25 R 17306 538, 20 )45 23
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y, = —18.505 25 + 102. 983 334 - 0.076 133 3B +
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M (1) ~K(3) kFE, FELHEEFE N,
JE PUESREE YA BURoR 5K L i
VRN B R 2Z I AE LR PE 5 & 0 X a7 A9 [l ) 45
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AR P et /T 0. 05, Hodh it s B 5 B SR
5 B ) IRl AT A P 341/NTF 0. 000 1, R BHAL LR A)
WER, BN, R R P4k 52 B -5 455 A T (A
fDC BC P2 B, BORE I 100% IS, 5% 775 155 0 KR 56 M
I, RIS RPESK T 95% , P& R R 5o &
4 98. 2% , UL AL AT SEPE B, R SRR E R
BOAdj. R A 2280, BLA SRR, S R R
CV /T 10% B, 8/ INFR B8 (RS 1 3 -, %o L
BerE CV AH 5.41% /T 10% |, 156 WA A5 780 110 KG o )5

B 1R T YHERE P B aE S huhr o
TG 5 S PRE G 56 52, v LU H S2 B E -5 e
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Table 5 Results of regression model establishment and significance analysis

SR YHE PSR EE BE 24y i
” F P N F P B F P B
i) 20.01 0.000 3 - 42.08 < 0.000 1 o 29.11 < 0.000 1 .
A 8.48 0.022 6 - 43.26 0.000 3 o 47.02 0.000 2 o
B 64.76 <0.000 1 - 9.71 0.017 - 59.02 0.000 1 -
C 44.16 0.000 3 - 47.93 0.000 2 - 0.145 1 0.714 5 -
AB 14.22 0. 007 - 8.63 0.021 8 s 0.453 5 0.5223 -
AC 0.755 3 0.413 6 * 0.239 7 0.639 4 * 7.02 0.033 s
BC 18.03 0.003 8 - 2.16 0.185 4 # 75.08 < 0.000 1 s
A? 0.024 9 0.879 2 * 216.87 < 0.000 1 - 4.16 0.080 6 -
B 11.53 0.0115 - 7.14 0.0319 s 40.58 0.000 4 o
c? 19.62 0.003 o 26. 87 0.001 3 - 22.2 0.002 2 s
R 0.981 9 0.962 6 0.974 0
Adj. R? 0.958 5 0.914 5 0.940 5
cv 5.41 2.69 3.14

1w FRHEFNRE P <0.05; « FREEHNALE P>0.05,
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Fig. 1 Relationship between predicted value and true value
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Fig. 2 Slump response curve and contour map
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Fig. 3 Compressive strength response surface curve and contour map
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Fig. 4 Response surface and contour map of splitting tensile strength
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Table 6 Error between predicted value and

actual value of response surface optimization

WiH WS /mm  BURSRE/MPa  BY LR35 5/ MPa

T 118 55 3.83
SFFRE-1 115 56. 62 3.62
SEPR{E-2 125 54.76 3.78
ShriE-3 120 53.98 3.76
SRR ZE % 3.370 1.70 2.70

3 DSC fiiattZ Bk
PNGEZS RS Y i TN di
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Fig. 5 Flow chart of optimization analysis
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Table 7 Error between predicted value and actual

value of multi-objective optimization

SiH Yk e/ PR R/ B RUThLEE
mm MPa 5/ MPa
T4 121.23 60. 68 3.96
SCBRE 118.00 58.53 3.98
R22/ % 2.70 3.50 0.50
4 Hhig
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FETKIEEL N 45 & VDD 15 i TR B R e
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P T Fiti 2 A9 745 15 12 186 0 S 18 S5 00N 5 7E KOG e B
JINESHAR PN 2 R MR FE RAIR DSC 58 52, 17 X6 458
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