KFKEBEAR(PHRL) #5656 2025 FFE4H

FEAR, TER, AEIE, SF. TRl S KR R T R BE A LA T[] KRR AR (Fh3E3C) 2025, 56
(4): 211-224. DOI: 10. 13928/]. cnki. wrahe. 2025. 04. 017
LI Yancang, NING Yu, SHI Huawang, et al. Optimization of mix ratio of reservoir sediment foamed concrete based on response surface

method[ J ]. Water Resources and Hydropower Engineering, 2025, 56(4): 211-224. DOI; 10. 13928/]. cnki. wrahe. 2025. 04. 017

=TI R B T 5% Y 7K B IS e el oK i i
LS L IL TR

EEE, T &, BARE, SEE, ks, REL, TR,
kOB, HTH, A

(1. WA IR LAY EARTE¥K, M HE  056038; 2. WAk i k¥ LHA ¥ 5 =¥ ¥R,
WA BERE 050031; 3. S AE I ¥ #ikER, & £K 526100;
4. EPREIFIEEERARAG, T4 HE  056017)

i E. (A6 ATRSRERRGSEA AR, LR K E KRR R &R R L, AKIK
W, RRBE, BABEAETE [FE) KA Design-Expert 13. 0 34 P vy 2 Wy & ik 3K B R R 8 K
B LR LA IR, SR B K BRI RRE L RERE SR RO R, KA
SEM Fo XRD R % T KA KB LHUEH, [ER] ARERIE =, RERRELARE L 28d
WIRBE IR . KRS RSB ESRRBZZ, M-3R ARG R 5 A, RIRL>SRREZ>
BEB T, MAEKKRE I, RIERELAZE TH, FRAKZHEIK, WA ELS LSS
BREREFGFRAY TR, LREL FRAKEZNAME, FEWEER, [£#4) 2hiLm
Yo, AREJRR KRG EERKL 0.4, KRB EI0N, BEAB T 42054 THE, L28dH/ER
JEA 18.19 MPa, F# A 44 0.1214W/(m - K), RWEFEH 701.2 kg/m’ , #HILER SRR, &
RBNEA 0% EHT, KA ESEE, LRI H N, FFR AR A K EJRRAE A H
ARIR GG A R JRAE T HTR AR

KGR, KERR, AARBRL, R W@k, RWERE, FHEAK, ¥wmA L,

) b E.
KAz, SEM B
DOI: 10. 13928/j. cnki. wrahe. 2025. 04. 017 FHFIE (RERS ) IREM(0SID) ;. &%
FESES . TU528 XHRFRERD . A MEHS: 1000-0860(2025)04-0211- 14

Optimization of mix ratio of reservoir sediment foamed concrete based on response surface method
LI Yancang"*, NING Yu', SHI Huawang', FENG Shenglei', ZHANG Xiaoxiong', ZHANG Chunyuan’,
YU Kaiyuan', ZHU Ji*, JIN Zidong*, QIAO Weitao*

(1. School of Civil Engineering, Hebei University of Engineering, Handan 056038, Hebei, China; 2. School of Land

Wi B H: 2024-06-17; 1EEIHHA. 2024-08-26; KA BH: 2024-08-27; MM B 2024-10-12

E£WA: HEARBEILETE (52278171) 5 WAL A ARIE I 4T H (£2020402079) 5 A1k TR K22 K24 A8 QF G Y 2R3l 5 B
(X202410076013)

EER-N: ZEE(1974—), B, #H¥z, i+, NEBEREFYEEAFBETR, E-mail. liyancang@ hebeu. edu. cn

BEIER: KIRME(1991—), 55, dPW, L, MEEARSEY B IEAR HBST . E-mail: zhangxiaoxiong @ hebeu. edu. cn

©kEditorial Department of Water Resources and Hydropower Engineering. This is an open access article under the CC BY-NC-ND license.

Water Resources and Hydropower Engineering Vol.56 No.4 211



FEE, S/ETHEHEENKERBERRE RS LEEAR

Science and Space Planning, Hebei GEO University, Shijiazhuang 050031, Hebei, China; 3. School of Construction,
Guangdong Technology College, Zhaoqing 526100, Guangdong, China; 4. Jizhong Energy Fengfeng
Group Co., Ltd., Handan 056017, Hebei, China)

Abstract; [ Objective | To improve the high-value utilization of reservoir sediment, reservoir sediment foamed concrete was
prepared by taking the water binder ratio, reservoir sediment mixing amount and foam mixing amount as variables. | Methods ]
The response surface method in the Design-Expert 13. 0 software was used to optimize the mix ratio design, analyze the effects of
variables on the compressive strength and thermal conductivity of the reservoir sediment foamed concrete. SEM and XRD were
used to explore the microstructure of the reservoir sediment foamed concrete. [ Results ] The results show that the influence of
each factor on the 28 d compressive strength of reservoir sediment foamed concrete is in the following order: water binder ratio>
foam content >reservoir sediment content, and the thermal conductivity is in the following order: water binder ratio> reservoir
sediment content >foam content. With the increase of water binder ratio, the compressive strength increases at first and then
decreases, and the thermal conductivity gradually decreases. Increasing foam and reservoir sediment mixing result in a decrease
in both compressive strength and thermal conductivity. Porosity showed a negative correlation with thermal conductivity,
consistent with an exponential model. [ Conclusion ] The optimal mix ratio of reservoir sediment foamed concrete is 0. 4, 30% of
reservoir sediment and 4. 2% of foam content, and the 28 d compressive strength of the foamed concrete is 18. 19 MPa, and the
thermal conductivity is 0. 121 4 W/ (m - K) , apparent density is 701. 2 kg/m’. The analysis of microscopic result showed that
the internal material of the specimen was tightly bound and the pores were uniformly distributed under the condition that the
amount of reservoir sediment was 30%. Reservoir sediment foamed concrete provide a new way for the use of reservoir sediment in
the field of construction materials.

Keywords: reservoir sediment; foamed concrete; response surface method; compressive strength; thermal conductivity;

influencing factors; water cement ratio; SEM image
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Table 1 Chemical composition of reservoir sediment and cement
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Table 2 Basic performance index of cement
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Table 3  Performance parameters of blowing agent
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Table 5 Test results of response surfaces with different mix ratios

TRELEHTR

x5 AEEA PR EiXE LR

s | kmiex, | ERIE R | e | MR
1 0. 42 30 3.5 10. 43 0.134 5 52.6 759.5
2 0.42 15 4.2 12.34 0.120 8 57.9 680.7
3 0.38 30 3.5 9.28 0.179 2 33.9 1 000.3
4 0.4 15 3.5 16. 87 0.1775 38.8 891.3
5 0.38 0 3.5 19.07 0.208 7 27.8 1113.2
6 0.4 15 3.5 17.95 0.1728 41.3 885.6
7 0.38 15 2.8 20. 08 0.1826 32.1 1001.5
8 0.38 15 4.2 11.25 0.196 6 29.5 1031. 4
9 0.4 30 2.8 20. 43 0.172 2 42.3 882. 8

10 0.4 15 3.5 16.92 0.170 5 44.8 874.3
11 0.4 0 4.2 18.35 0.167 7 45.7 792. 8
12 0.4 15 3.5 19.26 0.177 0 39.1 888.2
13 0.4 0 2.8 24.93 0.1823 36.7 924.2
14 0.42 15 2.8 8.76 0.176 1 39.9 890.9
15 0.4 30 4.2 17. 69 0.133 4 56.3 701.2
16 0.4 15 3.5 18.84 0.173 9 40.3 894.5
17 0.42 0 3.5 9.31 0.159 1 46.6 780. 4
*x 6 MBS EST
Table 6 Fitting analysis of response model
B R HEMEHE T KR P E R TP e Ak M L AR5 R E %
Y, 0.976 4 0.946 0 0.808 3 18. 966 2 6.96
Y, 0.989 6 0.976 2 0.896 0 33.5110 2.02
F7 HABBFESH
Table 7  Analysis of variance of regression model
il 1oy kW SEJ5 A ¥ F 1{d P {A B
i 358. 56 39. 84 32.16 < 0.000 1 %
X, 44.37 44.37 35. 81 0. 000 6
X, 23.91 23.91 19.30 0. 003 2
X, 26. 54 26. 54 21.42 0.002 4
X, X, 29.76 29.76 24.02 0.001 8
v, X, X, 38.50 38.50 31.08 0.000 8
X,X, 3.69 3.69 2.98 0.128 2
X,? 183. 08 183.08 147.77 < 0.000 1
X,? 1.77 1.77 1.43 0.270 8
X,? 12. 65 12. 65 10.21 0.015 2
%R 8. 67 1.24
AR 3.94 1.31 1. 11 0.443 4 ENTES
Y 0.007 8 0.000 9 73. 89 < 0.000 1 LT 2
X, 0.003 9 0.003 9 331.04 < 0.000 1
X, 0.001 2 0.001 2 102. 98 < 0.000 1
X, 0.001 1 0.001 1 95.19 < 0.000 1
X X, 6.002x107° 6.002x107° 0.509 7 0.498 4
v, X, X, 0.001 2 0.001 2 101.95 < 0.000 1
XX, 0.000 1 0.000 1 12.43 0.009 6
X’ 1.416x107° 1.416x107° 0.120 3 0.738 9
X,? 0.000 1 0.000 1 7.39 0.029 9
X,? 0.000 1 0.000 1 12.42 0. 009 7
'S 0.000 1 0.000 0
ALY 0. 000 0 0.000 0 1.86 0.276 6 NTES

. P<0.001 B3, P<0.05 HEZE,
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