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Numerical Analysis of Grout Flow and Injection Pressure Affected by Joint
Roughness and Aperture

Ki-Hwan Jeon, Dong-Woo Ryu, Hyung-Mok Kim, Eui-Seob Park, Jae-Jun Song

Abstract Grouting technology is one of the ground improvement methods used in water controlling and reinforcement
of rock mass in underground structure construction. It is necessarily required to find out the characteristics of grout
flow through discontinuities in a rock mass for an adequate grout design and performance assessment. Laminar
flow is not always applicable in simulating a grout flow in a rock mass, since the rock joints usually have apertures
at a micro-scale and the flow through these joints is affected by the joint roughness and the velocity profile of
the flow changes partially near the roughness. Thus, the influence of joint roughness and aperture on the grout
flow in a rough rock joint was numerically investigated in this study. The commercial computational fluid dynamics
code, FLUENT, was applied for this purpose. The computed results by embedded Herschel-Bulkley model and VOF
(volume of fluid) model, which are applicable to simulate grout flow in a narrow rock joint that is filled with
air and water, were well compared with that of analytical results and previously published laboratory test for the
verification. The injection pressure required to keep constant injection rate of grout was calculated in a variety
of Joint Roughness Coefficient (JRC) and aperture conditions, and the effect of joint roughness and aperture on
grout flow were quantified.

Key words Grout injection pressure, Micro channel, Herschel-Bulkley model, VOF, Aperture, Joint roughness
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Fig. 1. Velocity profile and shear diagram of grout in a rectangular channel
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Table 1. Grout material properties, channel geometry and boundary condition

Cement paste properties

Channel geometry

Boundary condition

Yield stress 1.3 Pa Length 1 m
- - Pressure head 1 MPa
Viscosity 0.12 Pas Aperture 0.6 mm
1200 mm i =
A 1
A A
7 1
A —~+
77777 15 mm
THFF¥+~+ 1 mm
| 15 mm
| 1000 mm
Fig. 4. Experimental set-up for grout injection by Hakansson (Eriksson, 2002)
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(a). 2.5 sec after injection

(c) 22 sec after injection
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Table 2. Correlation equations between Z, and JRC (Cravero

5 2001)
Step (cm) Computed equations
0.01 JRC = 2458 + 3541 log Z,
0.07 JRC = 2575 + 25.04 log Z,
0.14 JRC = 2650 + 21.20 log 2,
0.21 JRC = 2745 + 21.60 log Z,
0.3 JRC = 2510 + 19.36 log 2,
0.6 JRC = 29.18 + 20.67 log Z,
1.8 JRC = 28.00 + 16.31 log Z,
3.6 JRC = 35.80 + 18.23 log 2,
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Table 3. Grout material properties (Eriksson, 2002)

Mass 1240 kg/m3
Yield Stress 1.3 Pa
Viscosity 0.12 Pas
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(b) with considering JRC

Fig. 9. Joint channel mesh for grout flow analysis

Table 4. Required pressure for a constant grout injection of 3 l/min (KPa)

Aperturd JRC 2 4 6 8 10 12 14 16 18 20
0.3 mm 289.27 | 291.31 299.98 | 306.90 | 317.96 | 336.76 | 371.61 398.57 | 448.89 | 501.25
0.4 mm 121.99 123.44 125.64 128.01 131.12 137.51 144.18 153.56 166.64 178.25
0.5 mm 62.80 63.75 64.68 65.65 66.95 68.97 72.19 75.44 79.73 83.90
0.6 mm 36.05 36.47 36.77 37.60 38.44 39.29 40.67 42.34 43.44 46.83
0.75 mm 19.10 19.27 19.43 19.65 19.94 20.46 20.73 21.30 22.71 23.40
0.9 mm 11.21 11.30 11.43 11.53 11.62 11.82 12.15 12.44 12.69 13.00

Table 5. Increments of injection pressure with roughness to no roughness cases (%)

Aperture JRC 2 4 6 8 10 12 14 16 18 20
0.3 mm 11.24 12.03 15.36 18.02 22.27 29.50 42.90 53.27 72.62 92.76
0.4 mm 8.80 10.10 12.06 14.17 16.95 22.65 28.59 36.96 48.63 58.98
0.5 mm 8.26 9.89 11.50 13.17 15.41 18.89 24.44 30.05 37.44 44.63
0.6 mm 6.09 7.33 8.21 10.65 13.13 15.63 19.69 24.60 27.84 37.82
0.75 mm 7.12 8.08 8.97 10.21 11.83 14.75 16.26 19.46 27.37 31.24
0.9 mm 6.16 7.01 8.24 9.19 10.04 11.93 15.06 17.80 20.17 23.11
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Fig. 11. Effects of the ratio of roughness height to the aperture on grout flow
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