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Abstract

This study focuses on the ultimate shear capacity of composite members made of recycled aggregate
concrete (RAC) and ultra-high performance concrete (UHPC) in the context of construction waste
recycling. Research was conducted using orthogonal experiments and finite element methods. Four
key factors, namely RAC strength, stirrup ratio, UHPC strength, and number of shear keys, were se-
lected, with each factor set at 4 levels. A total of 16 experimental schemes were designed, and ABAQUS
software was used for modeling and analysis to obtain ultimate load data for 16 groups of specimens.
Based on this dataset, a partial least squares regression (PLS) model was established for predicting
bearing capacity. After data preprocessing via mapminmax normalization, feature engineering ex-
pansion (increasing from 4-dimensional basic features to 7-dimensional enhanced features), and
optimization through leave-one-out cross-validation (with the optimal number of latent variables
determined as 2), the coefficient of determination (R?) of the model reached 0.9159, representing
an 8.5% improvement compared to the basic model. Variable importance analysis showed that RAC
strength and its square term (with VIP values of 1.6784 and 1.6861, respectively) were the key fac-
tors affecting the bearing capacity. Residual analysis indicated that the average prediction error
was —-0.214 kN, and most errors were concentrated within the range of +20 kN with a random dis-
tribution. This study confirms that within the parameter range investigated in this paper, the con-
structed PLS model exhibits high-precision predictive capability for the bearing capacity of UHPC
members, thereby providing preliminary theoretical references for engineering design.
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Table 1. Factors and levels of orthogonal design

%1 EX@IHEESKT

7K
S
1 2 3 4
RAC 3/ C30 C40 C50 C60
WS 0.283% 0.758% 1.570% 2.355%
UHPC 5 /& C120 C130 C140 C150
B BN L 1 2 3 4
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Figure 1. Design drawings of the UHPC part and schematic diagrams of the model: (a) design
drawings of the UHPC part; (b) schematic diagrams of the model
1. UHPC #R41i& I EILA R ARBUREE: (a) UHPC #B4TiE; (b) REREE

Table 2. Orthogonal experiment scheme and simulation results
2 EXTEHARREMER

AR RAC 5% (MPa) HiC 4 2% (%) UHPC 5% (MPa) B9 155 % PR a7 2% (KN)

30-0.6-120-1 30 0.283% C120 1 71.889
30-1-130-2 30 0.758% C130 2 77.070
30-2-140-3 30 1.570% C140 3 84.627
30-3-150-4 30 2.355% C150 4 85.016

40-0.6-130-3 40 0.283% C130 3 83.652
40-1-120-4 40 0.758% C120 4 97.938
40-2-150-1 40 1.570% C150 1 103.140
40-3-140-2 40 2.355% C140 2 105.268

50-0.6-140-4 50 0.283% C140 4 95.000
50-1-150-3 50 0.758% C150 3 115.734
50-2-120-2 50 1.570% C120 2 121.059
50-3-130-1 50 2.355% C130 1 124.540

60-0.6-150-2 60 0.283% C150 2 99.077
60-1-140-1 60 0.758% C140 1 124.577
60-2-130-4 60 1.570% C130 4 140.888
60-3-120-3 60 2.355% C120 3 144.932

3. EF PLS iy UHPC & E HFumiEs
3.1 HBEEKFEHE
Tt B/ T I VA AR (PLS)YE A — R Sk 1 22 TE G040 7 77 15, 38 3o T A5 B R W 25 B 43 5 31
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Figure 2. Fitting relationship diagram between actual load and
predicted load under the optimized model
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Figure 3. Variable importance distribution diagram
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Figure 4. Model performance comparison diagram
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Figure 5. Residual and error analysis diagram: (a) residual analysis diagram; (b) error distribution diagram
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