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Eggshell powder foam concrete performance analysis and prediction

YU Qiyang
(Sichuan Transportation Construction Group Co., Ltd., Chengdu 610047, China)

Abstract: The aim of this study is to investigate the feasibility of partially replacing cement with
eggshell powder to prepare green and low-carbon foam concrete, and to propose a method to predict
the performance of eggshell powder foam concrete. In this study, the laboratory experiments were first
conducted to analyze the influences of eggshell powder content on water absorption, mechanical
strength, and pore structure of foam concrete. Subsequently, based on the experimental results, a
model to predict the performance of eggshell powder foam concrete was proposed using the machine
learning approach. Results indicate that foam concrete specimens mixed with eggshell powder exhibit
reduced initial surface absorption rate and water absorption rate. Additionally, the addition of eggshell
powder can improve the compressive and flexural strength of foam concrete, with the highest strength
observed at a 15% substitution rate. Furthermore, the increase in foam volume leads to pore size
expansion, with large pores accounting for a greater proportion of the foam volume as a result of
eggshell powder addition. Notably, the filler effect of eggshell powder is more pronounced, with an
addition of 15% eggshell powder leading to an increase in the proportion of small and large pores in the
foam concrete. The machine learning model developed in this study demonstrates its effectiveness in
predicting the performance of foam concrete containing eggshell powder. When compared with the
decision tree model, the prediction results of the random forest model exhibit higher accuracy.
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Table 1 Basic components and their mass fractions of cement

and eggshell powder used in the experiment %

w w w w w w w

P (8i0,) | (ALO,) [(Fe,0,) | (Ca0) |(MgO)| (SO,) |(HEsk i)

KIE | 21.86 | 5.63 350 |63.08 | 2.37 | 2.51 2.88

ek | 0.01 - - 97.61 | 0.49 | 0.30 1.08

K2 RBHTAKRLE KD IE SR

Table 2 Basic physical parameters of cement used in the

experiment
BELEMIR) | PURSRBE/ | Hrdram s/
R R A min MPa MPa

(g'(:m’3) (mz.g—l)

WIEE | ZL%E |3 d 28d [3d | 28d

3.12 350 128 | 180 | 24.7 | 51.2 | 49 | 8.1
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Fig. 1 Process of obtaining eggshell powder for experiment
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Table 3 Materials and their proportions kg/m’
ARG ke W K HTH S
D600-0 225 335 110 0 45
D600-5 213 335 110 10 45
D600-10 201 335 110 22 45
D600-15 195 335 110 33 45
D600-20 178 335 110 45 45
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D1200-5 420 650 222 22 22
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D1200-20 350 650 222 90 22
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Fig.2 Flow diagram of research strategy
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Fig. 3 Initial surface absorption of eggshell powder foam concrete specimens with different densities
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Fig. 4 Water absorption fitting curves for eggshell powder foam concrete specimens with different densities
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Table 4 Proportion of pore volume with different pore sizes

in D600 eggshell powder foam concrete specimens

. AR A LA LB AT 1 L/ %
D600-0 | D600-5 | D600-10 | D600-15 | D600-20

100 1.84 3.63 6.84 9.88 0.00
200 7.06 5.98 11.40 13.93 8.27
300 11.16 14.53 12.66 9.98 11.69
400 13.10 20.94 15.96 17.89 15.21
500 11.05 15.49 18.24 10.97 16.32
600 10.13 6.84 11.40 8.00 7.28
700 5.94 4.49 5.59 5.04 9.59
800 6.96 5.77 4.10 8.10 4.96
900 7.88 6.84 3.08 5.04 6.39
1 000 10.95 7.80 4.10 6.13 9.59
>1 000 13.92 7.69 6.61 5.04 10.69
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Table 5 Proportion of pore volume with different pore sizes

in D1200 eggshell powder foam concrete specimens

fLiz/ AN RHRAE A ALAR LB A AR 5 /%
pm D1200-0 | D1200-5 | D1200-10 | D1200-15 | D1200-20
100 19.17 28.72 29.08 34.96 25.83
200 18.15 15.08 2291 17.87 19.37
300 21.30 19.38 14.94 16.09 14.53
400 10.95 18.15 11.16 12.91 11.78
500 4.06 3.79 5.88 4.07 4.27
600 7.00 4.62 3.98 3.08 2.47
700 4.87 2.87 1.00 1.99 6.27
800 3.96 0.82 3.09 4.07 4.27
900 2.94 1.74 3.98 1.99 3.42
1000 2.74 3.08 1.99 1.89 3.42
>1 000 4.87 1.74 1.99 1.09 4.37
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Table 6 Statistical test results of prediction models
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