$44% oW " L T #M ¥ Vol.44 No.9
2022 4F 9 H Chinese Journal of Geotechnical Engineering Sep. 2022

DOI: 10.11779/CJGE202209005

2 AR SR KRR AT LR I8 SURE MR

z @ F o', HRB, &'
(1. B ERE A A 1 SR E WL B S St s, Wil 8% 3120005 2. FGFRFM T @ME TRR, L 210092;
3. BRI TR R R S TR R, W@ EF/RKEE SE-100 44, Hedt, 4. (WZRKZHEEKF 2, W4 FE 250100)

B F: EKREE R RERE MBS N R A IR R KRR, TR R K P AR BB A
WO Al TREEHTT S BA B S WA T 2R BRIES AR (PIV) (I MUK B A R G 57715, SRICT
3D T ENIAIE BIRLRE R R N B2 70 A AR I 5 IR Z2 109G 2 25 T IRITIZOR # Navier-Stokes fifi 7 77 R 2 DL IR
R, SIS REAT T ELIAIE. 45 RRM . (EIEERUEFNE T, VRIS 2 B I (8] (88 n 8L se 2218 1 K
PRI R, m@ T e ENERES; RRE i Is REE W B K, EREH 5 kg idmss, BEEAE
BRI 5] PSR AR B PR K s B K A 23 A T S A v £ T E A B 10 25 1 i AL B AT RN e A SR AR (K 24
NLBEAL, BABURAGAE; SR PAT TSR P4 B A AR R BE AR RS B b AT SR R R AR E R IS i 45%.
VES I F)52 TREESR P — ORI S 4L, AEBIR T 5 B 78 70 25 FERERE P (52 LR € & B RVE S I /), R THE

AR
KB RSN R ARV PV IR
FESHES: TU4S] XERFRIRAS: A XEHS: 1000 - 4548(2022)09 - 1608 - 09

fEHRN: 2= 1W981— ), B, ik, HI%, EENFAKIIFREFEE T 1H IR 5 TAE . B-mail: libotj@tongji.edu.cn.

Displacement laws of grout-water two-phase flow in a rough-walled rock
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Abstract: The grouting in water-rich fractured rock masses is a process in which the pressurized grouts gradually displace the
existing water. It is important to thoroughly investigate the grout-water displacement laws for improving the engineering
grouting efficiency. In this study, a visualization technique that incorporates the particle image velocimetry (PIV) into the
grout-water displacement tests is established, and is used to capture the flow field distribution in a 3D-printed transparent
rough-walled fracture along with the flow velocity and hydraulic pressure measurements. The Navier-Stokes equations are
solved based on the finite element method to simulate the displacement process, and the simulation is compared with the
experimental observations. The results show that under the constant flow rate, the injection pressure first increases gently,
followed by a rapid increase stage, and finally approaches a constant value. The grouts preferentially flow through some major
channels, and the injection pressure tends to increase gently after the grout reaches the outlet. The residual water is mainly
distributed in the dead end close to the edge of main flow channels and the locations where sudden changes in aperture happen.
The parallel-plate model can underestimate the injection pressure by up to 45% comparing to the corresponding rough-walled
model. It is therefore necessary to consider fracture roughness in the theoretical assessment of grouting pressures to achieve

better grouting performance.
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Fig. 2 Relationship between mean aperture and normal stress
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Table 1 Hydraulic testing results of a parallel-plate model
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to a normal stress
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Table 2 Parameters used in numerical simulation
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