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Abstract :

Focusing on the evaluation of the performance of synchronous grouting materials and grouting effects

in shield tunnels, this study systematically investigates the physical and mechanical properties, flow

and diffusion mechanisms, and grouting effects of a cement-fly ash—-bentonite composite slurry

through laboratory tests, model tests, and field validation. Based on the Bingham fluid theory, a slurry

flow model was constructed, and combined with laboratory grouting simulation tests, the optimal

grouting parameters were determined (pressure: 0.3-0.4 MPa, gap: 35-45 mm, flow rate: 3-4 L/

min). A comprehensive evaluation system covering four levels—material performance, construction

process, filing quality, and structural response—was established. The field test section achieved a

comprehensive evaluation score of 93.8 points, with a reduction in ground settlement of over 45% and

a reduction in segment uplift of over 60%, validating the superiority of the optimized slurry and grouting

parameters. This provides technical support for synchronous grouting in shield tunnels.
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