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Analysis on the mechanism of ultrafine cement grouting considering the
percolation effect

QIN Pengfei
(Department of Engineering, Huanghe University of Science and Technology, Zhengzhou, Henan 451000, China)

Abstract; Grouting can significantly improve the impermeability and bearing capacity of silty fine sand layers, and has thus been wide-
ly used in engineering construction of subway tunnels and other projects. Based on the theory of viscous fluid motion, and incorporating
Darcy’ s law of slurry diffusion, the linear filtration principle, seepage continuity conditions and the pressure drop equation, a theoreti-
cal model for the diffusion of ultra-fine cement slurry under the percolation effect was established. This model investigates the change
mechanism of slurry front velocity and pressure in porous media, and is validated through field measurements from a construction pro-
ject in Xiamen. The results indicate that under constant-rate grouting, the front velocity without considering percolation effect is 3.9 to
5. 8 times that when percolation is considered. Under constant pressure grouting, the front velocity without considering percolation
effect is 1. 6 to 1. 9 times that with percolation considered. At a given time, both the slurry pressure drop and the front pressure de-
crease along the flow path; as the percolation intensifies, cement particles gradually accumulate in the pore channels, and the slurry
front pressure gradually rises. Engineering measurements show that the discrepancy between theoretical calculations and actual values
ranges from 14% to 19% , demonstrating that the proposed three-dimensional front diffusion model possesses high applicability and can
serve as a reference and guide for grouting engineering in civil and hydraulic engineering fields.
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Figure 2 Relationship between pressure drop and
grouting time
2.2 WEARBEN
ST D5 A KW I B SR T 8OR
I BN T I 3 A0 2= P 9 20 A R 25 X F

FEKWE BT BRI BA EEZAA, 2l ASCHE
B A3 BT, AT 1 SR A T S g o SR R AR A
KAEAE3), B3 8o IR T EE R R N 2
PR BEAE AL 5 1 B BE 32 15 8 0 5 R K 8 R 8
K WAL | T 12 M AR, oK Bl B g
/N5 2 B BOB B AR A 55, I TR ) R T —
W B A AR 22 I 0 38 i IR G e e AR
WFFEAE R — 2, X2 T K PR ol 7
FEAE KA SR Bl 7K A BB, HE AT S W R B2 s, 2R 4
AR AL HAE R W T SO R TR 2 T o
SN O i

0.5
04
[+
=
N 03 |
=}
02
0.1
| 1 I 1
20 40 60 80
R KSs

3 REEEENEFREKXER
Figure 3 Relationship between grout front pressure

and grouting time
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Figure 4 Analysis of slurry front velocity diffusion distance
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Figure 5 Engineering application analysis
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