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Influence of Design Parameters of Grout Injection in
Rock Mass using Numerical Analysis

Jong Won Lee, Hyung Mok Kim*, Mahmoud Yazdani, Eui-Seob Park

Abstract In this paper, a numerical analysis of one-dimensional viscous fluid flow in a rock joint using UDEC
code is performed to evaluate the effect of design parameters on injection performance. We consider injection
pressure, fluid compressibility, time dependence of yield strength and viscosity of injected grout fluid, and mechanical
deformation of joint as the design parameters, and penetration length and flow rate of injection are investigated
as the injection performance. Numerical estimations of penetration length and flow rate were compared to analytical
solution and were well comparable with each other. We showed that cumulative injection volume can be
over-estimated by 1.2 times than the case that the time-dependent viscosity evolution is not considered. We also
carried out a coupled fluid flow and mechanical deformation analysis and demonstrated that injection-induced joint
opening may result in the increment of cumulative volume by 4.4 times of that from the flow only analysis in
which joint aperture is kept constant.
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Fig. 1. Grout penetration around excavated tunnel in jointed
rock mass (after Kobayashi and Stille, 2007)
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Fig. 3. Correlation of design parameters between penetration length and flow rate (solid line: penetration length (I), dashed

line: flow rate (Q))
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Fig. 4. Model for numerical simulation of viscous fluid
injection in a single rock joint (Lee, 2017)
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Table 1. Material properties used as a reference case for the numerical analysis

Intact rock block properties

Density [kg/m’] 3,000
Bulk modulus [GPa] 10
Shear modulus [GPa] 3
Fluid properties
Density [kg/m’] 1,290
Bulk modulus [GPa] 2
Viscosity [Pa-s] 0.0056
Yield strength [Pa] 0.296
Joint properties
Normal stiffness [GPa/m] 3
Shear stiffness [GPa/m] 1
Residual hydraulic aperture [mm] 0.1
Aperture at zero normal stress [mm] 0.15
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Fig. 6. The influence of injection pressure on the grout injection performance
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Fig. 7. The influence of fluid compressibility on the grout injection performance
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