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Prediction of bond strength between FRP bars and UHPC using

explainable machine learning algorithms
LI Jiuyang', CHEN Li*", WU Jishu’, WANG Xiaoyu'
(1. College of Civil Engineering, Changchun Institute of Technology, Changchun 130012, China;

2. College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: In order to explain the bond mechanism of fiber reinforced polymer (FRP) bars and ultra-high
performance concrete (UHPC), a sample dataset of 475 bond strength tests results was analyzed. Seven input
variables and one output variable (bond strength) were selected to train six machine learning algorithms. Three
interpretable techniques were combined for analysis, and compared with the specifications and empirical models.
The results show that the extreme gradient boosting (XGBoost) model achieves the best accuracy, with R* of
0.881, RMSE of 3.700 and MAE of 2.326. The ratio of bond length to reinforcement diameter //d, steel fiber
content pg. the ratio of protective layer thickness to reinforcement diameter c/d, FRP bar diameter d, UHPC
strength f. are the key factors influencing the bond strength. The results of this study can provide a reference for
the prediction of UHPC bond strength of FRP bars.

Keywords: fiber reinforced polymer (FRP) bars; ultra-high performance concrete (UHPC); bond strength;

machine learning; SHAP analysis
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Tab.l main parameters of the database
N FRP /i )
AR SCHiK Kot S KB d/mm f/MPa vd perl% c/d 7 /MPa
SCHk[18] 29 C Heh 8~12 131.18~153.76  2.5~10.0  1.5~2.5  575~8.875 21.65~47.76
SCik[19].3CHk[20] 36 G Ahb 16 161.40 2.5~10.0 2.0 1.00~4.50 13.12~34.27
SCHR[21] 26 C A/ 10~13 124.90 1.0~4.0 1.0 1.00~7.00 15.06~47.84
SCHik[22] 3C#k[23] 77 G Gl 10~18 126.40~181.70  1.0~2.0 0~3.0 0.67~7.00 18.56~56.24
SCHR[24]CHER[25] 78 C H 8~12 142.78~169.50  2.0~5.0 1.5~2.5 1.00~9.40 13.69~42.59
SCHR[7] 36 B/G  #RIOGE 12 93.70~122.10 3.5 0~2.0 6.30 9.67~41.77
SCHk[26] 51 G Heh 16~20 90.10~132.20  3.0~5.0 0~2.0 2.00~5.75 10.64~37.10
SCHR[27] 8 G RERD /A 14 125.62 1.5~5.0 1.0 4.86 16.60~21.37
SCHk[28] 69 G Ktk 12~20 120.00~140.00 2.5~15.0 2.0 1.00~5.75 10.24~51.33
SCHik[29] 24 G Hifh 10 130.08~142.38  2.0~5.0 1.0~2.0 7.00 23.67~44.45
SCHR[30] 21 B e 8~20 148.97~159.36 5.0 0~1.5 3.25~8.875 11.85~32.41
XHR[31] 20 G G| 13~16 201.80 1.0~4.0 2.0 4.19~527 16.28~28.62
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Tab.2 hyperparameter tuning results of ML

AR 28 ikl RAL(E
n estimators 50~300 223
num_leaves 10~200 85
LightGBM
max depth 3~7 6
learning rate 0.01~0.30 0.26
n estimators 50~300 185
XGBoost max depth 3~8 7
learning rate 0.01~0.30 0.048
subsample 0.3~1.0 0.86
C 0.001~10 7.93
SVR kernel “linear”, “poly”, “rbf” “rbf”
gamma 0.01~1.00 0.60
n_estimators 50~300 279
max_depth 3~15 13
RF min_samples_leaf 1~10 1
min_samples_split 2~10 3
max_features “sqrt”, “log2”, None “log2”
number 20~70 67
ELM
func “sigm", “tanh” “sigm”
alpha_1 10°~1073 9.94x107
alpha 2 10°~107" 1.37x107
Bay lambda 1 107"°~107" 2.74x107
lambda_2 107°~10"" 3.45x10°*
max_iter 200~4 000 288
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