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Prediction on Composite Interface Bonding Strength between Ceramsite
Lightweight Aggregate Concrete and Normal Concrete Based on GBDT Algorithm
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Abstract: By making composite blocks of ceramsite lightweight aggregate concrete(LWAC) and normal concrete
(NC), the end-to-end gradient boosting decision tree (GBDT ) predicting model was proposed based on the grouping
experiment, which correlates composite interface preparing method, casting interval time and normal force on
composite interface to bonding strength between LWAC and NC. The results from GBDT bonding strength
prediction model are compared with those from the support vector machine regression model, K-nearest neighbor
regression model, the decision tree and BP neural network. The comparison shows that the designed GBDT model
is more robust than the other four models with superior predictive performance synthetically testified by the goodness
of fit, mean absolute error and root mean squared error. In addition, the mean relative error from GBDT prediction
for the test samples is obviously smaller than that from the other four models. An effective and satisfactory prediction
result can be obtained for the composite interface bonding strength between LWAC and NC from the established
GBDT model.
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Table 1 Mix proportion and 28 d cubic compressive strength of LWAC and NC
Concrete Mix proportion/(kg-m ) Cubic compressive
Ceramsite Crushed stone Sand Cement Fly ash Water strength(28 d)/MPa
LWAC 728 0 495 450 80 237 31.0
0 1200 591 410 80 200 43.9
®2 WHBHASAE
Table 2 Groups of experimental samples
No Interface preparing F/kN Casting interval time No. Interface preparing F/kN Casting interval time
1 Artificial chiseling 0 2d 19 Fly ash mortar 0 10 h
2 Artificial chiseling 12.5 2d 20 Fly ash mortar 0 2d
3 Artificial chiseling 25.0 2d 21 Fly ash mortar 0 7d
4 Artificial chiseling 37.5 2d 22 Fly ash mortar 0 14d
5 Artificial chiseling 50.0 2d 23 Fly ash mortar 0 28d
6 Artificial chiseling 75.0 2d 24 Fly ash mortar 50.0 10 h
7 Artificial chiseling 100. 0 2d 25 Fly ash mortar 50.0 7d
8 Artificial chiseling 0 10 h 26 Fly ash mortar 50.0 14d
9 Artificial chiseling 0 7d 27 Fly ash mortar 50.0 28d
10 Artificial chiseling 0 14d 28 Interface agent 0 10h
11 Artificial chiseling 0 28d 29 Interface agent 0 2d
12 Fly ash mortar 0 2d 30 Interface agent 0 7d
13 Fly ash mortar 12.5 2d 31 Interface agent 0 14d
14 Fly ash mortar 25.0 2d 32 Interface agent 0 28d
15 Fly ash mortar 37.5 2d 33 Interface agent 25.0 2d
16 Fly ash mortar 50.0 2d 34 Interface agent 50.0 2d
17 Fly ash mortar 75.0 2d 35 Interface agent 75.0 2d
18 Fly ash mortar 100. 0 2d 36 Interface agent 100. 0 2d
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Fig.2 Bonding strength of composite blocks
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Table 3 Evaluation parameters of prediction results from models

R? MAE RMSE
Model
1 2 3 Average 1 2 3 Average 1 2 3 Average

SVR 0.940 0.906 0.894 0.913 0.578 0.699 0.699 0.659 0. 646 0.852 1.074 0.857
KNN 0.917 0.946 0.931 0.931 0.553 0.398 0.586 0.512 0.758 0.642 0.862 0.754

DT 0.936 0.953 0.975 0.955 0.565 0.508 0.432 0.502 0.667 0.598 0.516 0.594
BPNN 0.935 0.959 0.981 0.958 0.462 0.378 0.355 0.398 0.669 0.562 0.459 0.563
GBDT 0.958 0.987 0.984 0.976 0.414  0.256 0.315 0.328 0.544 0.315 0.412 0.424
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Table 4 Predicted results and relative errors of the third group of samples by different models

Result No. 6 No. 10 No. 16 No. 22 No. 30 No. 34
Experimental bonding strength/MPa 8.57 1.36 5.91 1.19 1.68 8.71
SVR bonding strength/MPa 8.10 1.79 5.62 1.20 2.18 6.22
SVR relative error/ % 5.52 31.67 4.96 1.19 29.56 28.54
KNN bonding strength/MPa 8.85 1.46 6.88 1.46 1.62 6.88
KNN relative error/ % 3.31 7.35 16. 36 22.69 3.77 21.05
DT bonding strength/MPa 8.35 1.58 5.07 1.40 1.40 7.89
DT relative error/ % 2.57 16.18 14.21 17.65 16. 67 9.41
BPNN bonding strength/MPa 8.89 1.27 6.30 1.27 1.38 7.76
BPNN relative error/ % 3.69 6.65 6.68 6.53 18. 10 10. 89
GBDT bonding strength/MPa 9.00 1.44 6.42 1.27 1.63 7.96
GBDT relative error/ % 4.96 5.78 8.60 6.65 2.90 8.64
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Fig.4 Relative errors of three sets of test samples
from GBDT model
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