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Analysis on Grouting Mechanism for Shield Tunnel Segment by Cement
and Sodium Silicate Mixed Grout in Consideration of

Time-dependency and Space Effect of Viscosity
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Abstract: Supposing that cement and sodium silicate (C-S) mixed grout was in accordance with
Bingham fluid pattern, time variation and space effect of viscosity of C-S mixed grout were taken
into consideration and grouting through shield tunnel segment conforms to spherical penetration
model. The theoretical derivation was carried out for grouting penetration and diffusion pattern of
Bingham fluid by dint of equilibrium equation and Dupuit-Forchheimer formula to obtain

calculation formula for diffusion radius of C-S mixed grout and calculation formula for pressure on
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segment. With concrete examples, the influence of grouting pressure, the flow rate of grout in
grouting pipe, viscosity parameter A and parameter Y of C-S mixed grout on grout diffusion
radius and pressure of segment was analyzed and the influence of different grouting parameters on
grouting effect was compared. The results show that grout diffusion radius increases with the
increase of grouting pressure and flow rate of grout in grouting pipe and decreases with the
increase of parameters A and Y. Grout diffusion was considerably influenced by grouting pressure
and parameter Y and slightly influenced by the flow rate of grout in grouting pipe and parameter
A. Besides, the pressure on segment increases with the increase of grouting pressure and the flow
rate of grout in grouting pipe. The influence effect of grouting pressure constantly increases and
tends to be stable. Whilst the influence effect of the flow rate of grout in grouting pipe constantly
decreases and tends to be stable. The pressure on segment decreases with the increase of
parameters A and Y, with negative linear relationship shown in the influence of parameter A on
the pressure, ending up with minor influence. The “three-stage” changes are shown in the
influence of parameter Y on the pressure, that is, slow decrease stage, accelerating decrease stage
and rapid decrease stage, ending up with an obvious effect.

Key words: shield tunnel; cement and sodium silicate mixed grout; theoretical analysis; grout dif-

fusion; segment grouting
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