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Prediction of Compressive Strength of Coal Gangue Powder Concrete based on Machine Learning
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Abstract: To improve the accuracy of predicting the compressive strength of coal gangue powder concrete, a dataset consisting
of 70 groups of compressive strength data for coal gangue powder concrete was constructed. Three classic machine learning
ensemble algorithms were introduced, and three prediction models for the compressive strength of coal gangue powder concrete
considering multiple factors were established. The impact of different feature combinations on model performance was studied.
The results show that the XGBoost algorithm model is the optimal model for predicting the compressive strength of coal gangue
powder concrete, with a coefficient of determination (R*) of 0. 857 and a root mean square error of 2. 06; Cement dosage and
curing age are the two most important feature indicators; when using 6 features including water — binder ratio, cement dosage,
coal gangue powder dosage, sand dosage, gravel dosage, and curing age, the average coefficient of determination of the three
different algorithms reaches the highest value of 0. 844, which reflects the high accuracy of the model. The research results can
provide a fast and reliable decision — making basis for the engineering application of coal gangue powder concrete.
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Table 1 Statistical parameters of compressive strength dataset
for 70 sets of coal gangue powder concrete

BE K KR BRFAA B A R PUERR

H/kg ME/kg H/kg H/kg W/d E/MPa
KM 0.63  392.0  137.2 640 1240 180  44.8
F/ME 0.49  197.6 0 577 1227 7 16.7
SEHIME 0.56  280.8  67.1  608.5 1233.5 79 33.2
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Table 2 8 different feature combinations

FHAELH . K A o BA S
e P e wme P me e
F-1 vV vV v Y vV vV
F-2 vV vV vV vV vV
F-3 vV vV vV vV
F-4 vV Y vV
F-5 vV vV
F-6 vV v vV vV vV
F-7 2 %
F-8 Y vV vV
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Table 3 Determination coefficients of different algorithms

using different feature combinations

FHIFZH 4 XGBoost #5i%]  GBRT #5%1  ExtraTree #55i%  R2SEHy(H

F-1 0. 857 0. 837 0. 839 0. 844
F-2 0. 828 0. 831 0.528 0.729
F-3 0.776 0. 835 0. 459 0. 690
F-4 0.798 0. 839 0.340 0. 659
F-5 0. 825 0. 700 0. 652 0.726
F-6 0. 801 0. 823 0.579 0.734
F-7 0.795 0. 746 -0.264 0.426
F-8 0.819 0.791 0.718 0.776

R2-11H 0. 812 0. 800 0. 481
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Table 4 Evaluation indicators of different algorithm strength
prediction models when using F —1 feature combination

RN XGBoost f5 71 GBRT #5781 ExtraTree 571
RMSE 2.06 2.20 2.19
PE R 0. 857 0. 837 0. 839

21 AT SRR AR 1) 52 B (B 5 = oA 750 35 00 {0
265, XGBoost 54 ¥ 5 8 T {5 552 s A 10 15 25 15
-16.71%~10.38% Z ], F-¥{EN -2.58% ; GBRT

£5 F-1 BEASNRESFRESTNER R

Table 5 Comparison between the true values of the
test set and the predicted values of different algorithms
when using F —1 feature combination

35t {1 XGBoost 51 GBRT %! ExteraTree 157
= MRy - - - — - -
B5 7 p. BUME DR BNME B BUNE B

/MPa /% /MPa /% /MPa /%

1 37.60 37.59 -0.03 38.96 3.62 39.10 3.99
2 33.90 31.70 -6.48 31.84 -6.07 24.40 -28.02
3 37.70  39.54 4.89 40.15 6.50 39.10 3.71
4 42.40 35.31 -16.71 37.39 -11.82 31.70 -25.24
5 31.10 28.20 -9.32 29.44 -5.32 24.40 -21.54
6 34.00 33.60 -1.19 33.08 -2.71 30.00 -11.76
7 39.60 43.24  9.18 43.93 10.94 44.80 13.13
8 43.80 41.89 -4.37 40.50 -7.54 38.30 -12.56
9 27.40 26.83 -2.08 26.86 -1.96 31.70 15.69
10 33.40 34.45 3.13 34.25 2.54 30.80 -7.78
11 21.90 24.17 10.38 22.08 0.82 20.80 -5.02
12 39.10 38.43 -1.71 38.75 -0.88 38.80 -0.77
13 41.10 37.74 -8.19 39.75 -3.29 39.10 -4.87
14 42.90 41.89 -2.36 42.45 -1.05 44.80 4.43
15 36.50 34.02 -6.79 33.66 -7.79 31.40 -13.97
16 38.80 37.96 -2.18 35.83 -7.66 36.90 -4.90
17 29.30 28.90 -1.35 27.02 -7.80 30.00 2.39
18 41.60 39.11 -5.98 41.10 -1.21 39.10 -6.01
19 35.20 34.99 -0.59 35.70 1.42 31.70 -9.94
20 31.60 28.81 -8.82 29.77 -5.80 31.70 0.32
21 38.00 36.67 -3.51 38.69 1.80 39.10 2.89
P -2.58 -2.06 -5.04
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Fig. 1 Shows the importance of different features in different
algorithms when using feature combination F -1

4 it

DARTE AT A7 o3 18 45 = BT s 5 58 FOU300 of 4 1
HESL T3 FpLdR s~ AR BINELRL, BIFSE TSR
MEZH A5 I 25 PR R A PERE, ARAT T AN IR 4 ik Y B
2k, REILIT SRS

(1) I 4E8 6 SRRy, ARk i -F 2 e

E R 0 0. 844, XGBoost F 3 5 1 F 280K it
b, BRAERKON 0.857, HIrRIRZEN 2. 06,

(2) fEH2HR 6 MEFIERT, ExtraTree 57 3% 7
XA 21 AR AR B T % 22 35 FEl K, XGBoost
AT PN R 22 HK, GBRT B A BN [ F)
ZELH N

(3) XF T XGBoost LR, CBRT F ki iy |
ExtraTree S BIRDRUL, e d 2PN FRAE L /K I8
PR AR, ELX PSR AL 14 2 2 73 ) 2
0.819, 0.977, 0.959, FLRTHARRHER BEEME,

Z % X #

(1] Ram, #phdE, VI, &5 BT OREE 1 Mk ae AR THF 5T
B O[J]. BEARlEEEAR, 2025, 53 (2): 407 -425.

(2] KWMS, skRUF, #EfG, 5. DRbEaTaod KR Bk 4 no o
KFHEREMITT (1], BYEREEG AN, 2024, 38 (6): 1-5.

[3] Fafe, Bigkik, XA, % SAEOBRHSRELAEABER
PIPERERTST [J]. MYEREEGRIA, 2024, 38 (1) 18-21, 51

(4] EWiRe, 20k, Whit, 45 BE0F A MW RLE RO IR BE - %
PERERYRZ IR [J]. DOJIEEHE, 2018, 44 (8): 1-3.

(5] JE2eWR, MIEZE. BRX T AR B - A ) b I B0 R 5 8 114
w [J]. IREEL, 2016 (8): 133-135.

(6] ABahE, ATEZE, Rk, 55 SEFORIREE LU MBI
FHphzmagmm [J]. HEE+, 2018 (12): 31-33.

(7] bk, WGwewE, RS, 55 ETHERY TR T hER
BRI (1], R R¥FFEM (ARBM), 2025,
56 (5): 1981-1992.

(8] MAfEs, iKFIME, ¥, 45 HTF MLP - AdaBoost f5 7 (IR fE
tHOERETIMAST [J]. REEL, 2025 (6): 17-22.

(9] Tk, W=, ZF4, % LT DBSCAN - AIC - Stacking (7R
BEHPURREBOIUATSE [J]. IREEE, 2024 (12). 29-34.

[10]  JAdkk, WWEME, Wik, 5. T HEMNG BRI EE 5T
Fesm BT [J]. gRERlE S TR, 2025, 22 (2): 875~
886.

(11] BRRAAIZE, foid, Tk, 5. SEFHL8 ) mnE stk ae ik
BELPUREREE [J]. B SKUERIE, 2025 (3): 1-7.

[12]  JERE, BEAE. AT M TG AL RERT AR R 1 5
W A (1], JREEE, 2007 (4): 26-28.

[13] BEBEAR. T GA - SVM (¥ BT A K A k47 i 5 52 11 0 40F 52
[D]. MBHE. WL TR, 2013,

(14] W30, s, ik, S B AR SR B i i 5
WrgE [J]. M TAE, 2012 (7). 106-108.



