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SAM-assisted surface exposed aggregate marking
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Table 2 Performance of YOLOv11-Seg instance segmentation pre—trained models at different scales

on the surface exposed aggregate dataset
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Fig. 2 Algorithm framework of the improved YOLOv11-Seg
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Table 3 Ablation study results
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Fig. 6 Rock exposure detection performance of different model layers
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Fig. 7 Comparison example: Recognition results of manual annotation vs. the improved YOLOv11-Seg Model
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Fig. 10 Results of partitioning—based identification and detection of rock exposure across various construction zones
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Fig. 11 Box plots of surface rock exposure rate for different

construction pouring surfaces
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Fig. 12 Fitted probability density distributions of the rock exposure rate across different layers
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Table 4  Statistical metrics of rock exposure rate across different construction layers

RE T PHEe R TR Weibull ~ Weibull Weibull®t  Weibull ~ Weibull#%  Weibull Weibull

A BLEU% ¥t /1% HE2 /% it £ 0
1 VT 10.34 21.21 4.67 2.36 11.72 10.04 10.38 4.67 0.42 -0.08
2 22 i 10.13 17.40 5.79 2.98 11.37 10.05 10.15 3.71 0.18 -0.27
3 3T 9.59 14.41 3.05 3.11 10.75 9.55 9.61 3.39 0.14 -0.28
4 4R 11.89 23.73 2.81 2.01 13.49 11.24 11.96 6.23 0.63 0.24
5 RS 15.87 23.80 5.40 3.36 17.71 15.88 15.90 5.21 0.06 -0.29
6 62T 17.46 26.10 4.96 3.06 19.56 17.35 17.48 6.24 0.15 -0.28
7 TR 15.39 31.25 7.25 2.29 17.47 14.88 15.47 7.16 0.46 -0.03
8 8*J2 I 21.77 39.27 2.26 2.31 24.24 20.69 21.48 9.85 0.45 -0.04
9 2 14.26 39.27 2.26 2.01 16.16 13.46 14.32 7.45 0.63 0.23
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Research on methods for segmentation, recognition, and rapid evaluation of exposed rocks

on lift joint surface of rock—filled concrete dams

AN Yu', YANG Jiaqi’, CHENG Yuanlong’, LIU Hao*, JIN Feng'"’

(1. College of Civil Engineering and Water Conservancy, Qinghai University, Xining 810000, China; 2. Department of Hydraulic
Engineering , Tsinghua University, Betjing 100084, China; 3. Hubei Energy Group Luotian Pingtanyuan Pumped Storage Co., Lid,
Huanggang 438000, China; 4. PowerChina Zhongnan Engineering Corporation Limited , Changsha 410000, China)

Abstract: Exposed rocks on the lift joint surface of Rock-filled Concrete (RFC) dams can significantly enhance the
shear capacity of the lift joints. While relevant codes and standards stipulate specific requirements regarding exposure
of rocks at lift joints, there is currently a lack of rapid and effective detection and evaluation methods. This paper pro-
poses a rapid segmentation and recognition algorithm for exposed rocks at lift joints, based on YOLOv11-Seg and
incorporating the Slim-Neck attention mechanism and the FASFFHead detection head. Furthermore, by integrating
actual engineering data and the latest code specifications, an evaluation method for exposure of rocks on lift joint sur-
face is established based on the aforementioned segmentation algorithm. The research results indicate that the
improved YOLOv11-Seg model achieves detection precision and recall rates of 91.4% and 89.33%, respectively, rep-
resenting increases of 8.6% and 7.8% compared to the initial model, while maintaining high training and recognition
efficiency. The measured exposure ratio of rocks at lift joints in actual RFC dam placements exhibits significant varia-
tion, and the detection results for individual lift joints conform to a Weibull distribution. In conjunction with the
newly revised standard NB/T 10077-2024, Code for Design of Rock—Filled Concrete Dams, the proposed method can
effectively evaluate the condition of surface-exposed rock on-site. The horizontal projected area of the exposed rocks
shows a hyperbolic relationship with the outropping height of rocks and a linear correlation with the vertical projected
area; this relationship can be utilized to further assess the enhancement of the interfacial shear capacity contributed
by the exposed rocks. This research provides technical means and a foundation for monitoring and evaluating the qual-
ity of lift joints in Rock-filled Concrete dams.

Keywords: rock-filled concrete dams; exposed rock on lift joint surface; rapid and effective detection and evalua-

tion method; YOLOv11; segmentation and recognition; evaluation method
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