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Models for predicting the compressive strength of bagasse ash

concrete based on emsemble learning
LIN Xing ., LIANG Shixue , FENG Siyi
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To obtain an efficient and accurate ensemble learning model for predicting the compressive
strength of sugarcane bagasse ash concrete, four ensemble learning models, namely eXtreme Gradient
Boosting ( XGBoost), Random Forest (RF), Light Gradient Boosting Machine (LightGBM), and
Adaptive Boosting ( AdaBoost) were established. The predictive capabilities of these models were
compared, and the ensemble learning model with the optimal predictive performance was identified. The
Shapley Additive Explanation (SHAP) value method was employed to quantitatively study the impact of
each input variable on the compressive strength of sugarcane bagasse ash concrete. Firstly, compressive
strength experiments were conducted for sugarcane bagasse ash concrete. Based on experimental data and
literature information, an ensemble learning database consisting of five input variables, namely cement
content, water-to-cement ratio, sugarcane bagasse ash admixture content, fine aggregate content, and

coarse aggregate content, was built. Subsequently, four evaluation metrics, namely determination
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coefficient, mean absolute error, root mean square error, and reliability index, were used to assess the
predictive capabilities of the models. In the performance comparison, it was observed that the XGBoost
model exhibited the highest predictive accuracy. The evaluation metrics for the training set of the XGBoost
model were determined as follows: determination coefficient of 0. 976, mean absolute error of 1. 811, root
mean square error of 2. 344, and reliability index of 0.875. The impact of each input variable on the
compressive strength of sugarcane bagasse ash concrete was ranked from highest to lowest as follows:
cement content, fine aggregate, coarse aggregate, sugarcane bagasse ash admixture content, and water-to-
cement ratio. Cement content had a positive effect on concrete compressive strength, and the compressive
strength of concrete was not significantly reduced when the sugarcane bagasse ash admixture content was

below 10%. This study provides useful reference for predicting the compressive strength of sugarcane

bagasse ash concrete and explaining influencing factors.

It holds value in advancing research and

applications of environmentally friendly materials such as sugarcane bagasse ash concrete.

Key words: ensemble learning; sugarcane bagasse ash concrete; compressive strength; SHAP value

method; predictive model
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Bis% A
RA 1 EERKEELIXIGEHE
Pz DS =X Sy L] A =L WH L] A EL
i g oS ﬁf A Eg*fn o *ﬁ(fgi T s v,

1 0.55 0. 00 347. 00 548. 00 1260. 00 30. 50

2 0. 55 5. 00 330. 00 548. 00 1260. 00 33. 00

3 0.55 10. 00 312. 00 548. 00 1260. 00 37.50

4 0.55 15. 00 295. 00 548. 00 1260. 00 38. 00

5 0.55 20. 00 278. 00 548. 00 1260. 00 35. 00

6 0.55 25. 00 260. 00 548. 00 1260. 00 30. 00

7 0. 55 30. 00 243. 00 548. 00 1260. 00 28. 00

8 0. 45 0. 00 450. 00 750. 00 955. 00 41.10

9 0. 45 10. 00 405. 00 740. 00 945. 00 46. 50

10 0.45 20. 00 360. 00 735.00 935. 00 46. 00

11 0.45 30. 00 315. 00 730. 00 925. 00 41. 20

Shah %502 12 0.45 40. 00 270. 00 720. 00 915. 00 39. 40
13 0.45 50. 00 225. 00 710. 00 905. 00 37. 60

14 0. 30 0. 00 560. 00 710. 00 924. 00 65. 00

15 0. 30 10. 00 504. 00 717. 00 896. 00 69. 00

16 0. 30 20. 00 448. 00 711. 00 888. 00 68. 00

17 0. 30 30. 00 392. 00 708. 00 885. 00 67.50

18 0.35 0. 00 478. 00 865. 00 905. 30 60. 86

19 0. 35 10. 00 430. 20 865. 00 905. 30 61.56

20 0. 35 15. 00 406. 30 865. 00 905. 30 59.01

21 0.35 20. 00 382. 40 865. 00 905. 80 57. 83

22 0. 45 0. 00 165. 70 240. 00 490. 00 36. 00

23 0. 45 5.00 157. 40 240. 00 490. 00 42. 00
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gRA
, TR K KRS H, HEkEEE O HEERSR
R S KA K B/ % (kgem™) (kgem™) (kgem™) U /MPa
24 0.45 10. 00 149. 10 240. 00 490. 00 43.00
25 0.45 15. 00 140. 80 240. 00 490. 00 42.00
26 0. 45 20. 00 132. 60 240. 00 490. 00 40. 00
27 0. 45 25. 00 124. 30 240. 00 490. 00 35. 00
28 0. 45 30. 00 116. 00 240. 00 490. 00 32. 00
29 0.55 0.00 350. 00 650. 00 1205. 00 42. 67
30 0.56 5.00 332. 50 650. 00 1205. 00 44. 80
31 0.58 15. 00 297. 50 650. 00 1205. 00 41.22
32 0. 60 25. 00 262. 50 650. 00 1205. 00 37.29
33 0. 50 0. 00 500. 00 745. 00 945. 00 62. 00
34 0. 50 5. 00 475. 00 745. 00 945. 00 93. 00
35 0. 50 10. 00 450. 00 745. 00 945. 00 88.50
36 0.50 15. 00 425. 00 745. 00 945. 00 83. 00
37 0. 50 20. 00 400. 00 745. 00 945. 00 70. 00
38 0.50 25. 00 375. 00 745. 00 945. 00 60. 00
39 0.50 30. 00 350. 00 745. 00 945. 00 56. 00
40 0. 50 0. 00 383. 00 727.00 1103. 00 23.43
41 0.50 5. 00 363. 85 727. 00 1103. 00 29.75
Shah &) 42 0.50 10. 00 344. 70 727. 00 1103. 00 30. 57
43 0. 50 15. 00 325. 55 727.00 1103. 00 27.22
44 0. 50 20. 00 306. 40 727.00 1103. 00 23.13
45 0.53 0. 00 383. 00 575. 00 1150. 00 36. 00
46 0.53 5. 00 364. 00 575. 00 1150. 00 41. 50
47 0.53 10. 00 345. 00 575. 00 1150. 00 42.50
48 0.53 15. 00 326. 00 575. 00 1150. 00 42. 00
49 0.53 20. 00 306. 00 575. 00 1150. 00 40. 00
50 0.53 25. 00 287. 00 575. 00 1150. 00 33.00
51 0.53 30. 00 268. 00 575. 00 1150. 00 31. 00
52 0. 40 0. 00 480. 00 335. 00 865. 00 22.04
53 0. 40 5.00 456. 00 335. 00 865. 00 20.13
54 0. 40 10. 00 432. 00 335. 00 865. 00 21. 25
55 0. 40 15. 00 408. 00 335. 00 865. 00 21. 94
56 0.40 20. 00 384. 00 335.00 865. 00 19. 56
57 0.48 0. 00 399. 12 516. 13 1218. 17 44. 89
58 0.48 10. 00 359. 20 516.13 1218. 17 44. 44
59 0.48 15. 00 339. 20 516.13 1218. 17 41. 56
60 0.48 20. 00 319. 20 516. 13 1218. 17 37.78
61 0.40 5. 00 450. 00 625. 38 1168. 58 46. 33
Sai Vamsi 62 0. 40 10. 00 450. 00 614. 53 1148. 31 51. 70
Gangadhar %52 63 0. 40 15. 00 428. 45 611.57 1142. 78 44. 61
64 0. 40 0. 00 450. 00 635. 24 1142. 78 44. 00
65 0.38 0. 00 450. 00 715. 00 937. 00 33.76
66 0.42 10. 00 406. 00 715. 00 937. 00 33.61
X 67 0.48 20. 00 360. 00 715. 00 937. 00 26. 93
68 0.55 30. 00 315. 00 715. 00 937. 00 24. 00

(REHRE R %)



