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Research of the Anchoring Performance of Nano-Composite Grouted Bolts Based on Optical Frequency Domain Reflectometry
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Abstract: To investigate the influence of Nano-SiO, (NS) on the performance of ultrafine cement and evaluate its application
efficacy in grouted bolts, test groups with varying NS dosages were established. A series of tests, including fluidity, initial
setting time, mechanical properties of the grouted body, SEM microstructure, and pullout performance, were systematically
conducted. Furthermore, optical frequency domain reflectometry (OFDR) was employed to monitor the strain distribution
during the pullout process. The results indicate that the incorporation of NS decreases the fluidity and initial setting time of the
nano-composite grouting materials while accelerating the early hydration reaction rate. At an optimal NS dosage of 2% . the
compressive and flexural strengths of the grouted body are maximized, and the microstructure becomes significantly denser.
The pullout tests and OFDR fiber monitoring reveal that the ultimate bearing capacity of the nano-composite grouted bolt is
elevated to 210 kN. Additionally, the load-displacement curve exhibits enhanced ductility and higher residual strength;
concurrently, the strain distribution along the bolt rod is more uniform, with a reduction in abrupt local strain variations. These
findings verify the feasibility and effectiveness of nano-composite grouting materials in improving anchoring performance,
providing robust technical support for the optimization of anchoring systems in geotechnical engineering.
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Table 3 Test mix ratio of nano-composite grouting material
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Fig.2 Principles of optical frequency domain reflectometry and fiber installation
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Fig.3 Variation law of slurry fluidity of

nano-composite grouting material
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nano-composite grouting material
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Fig.5 Variation law of compressive strength of

nodular body of nano-composite grouting material
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Fig.6 Variation law of flexural strength of nodular

body of nano-composite grouting material
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Fig.7 SEM scanning images of nodular body of nano-composite grouting material
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superfine cement grouting bolts in pullout tests
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Fig.9 Strain distribution law of rod body of nano-composite grouting bolts and superfine cement grouting bolts
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Fig.10 Comparison of OFDR fiber monitoring

values and loading values
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Table 4 Comparative analysis of OFDR fiber monitoring

values and loading values at bolt start points

iR 2/ YK A IR B 41 7K U S AT
kN WM /RN MR 22/ % WEINAE /KN ARGHR 2%/ %
30 28.30 —5.67 30.92 3.07
60 62.10 3.50 63.93 6.55
90 92.75 3.06 97.73 8.59
120 124.19 3.49 131.53 9.61
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Fig.11 Strain distribution on the rock surface of nano-composite grouting bolts
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Fig.12 Strain distribution on rock surface of superfine cement grouting bolts
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