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The Effect of Cement Milk Grouting on the Deformation Behavior
of Jointed Rock Mass

Tae-Hyok Kim and Chung-In Lee

Abstract Though the Grouting has been in use for a long time, it is still regarded as an technique rather than
engineering. The study of ground improvement by grouting is rare especially in jointed rock mass. In this study,
biaxial compression tests were performed in the jointed rock mass models with rough surface joints assembled with
blocks before and after grouting. The load-deformation curves of the jointed rock masses showed a non-linear
relationship before grouting but showed a relatively linear deformaion behavior after grouting. Improvement ratio
(deformation modulus after grouting/deformation modulus before grouting) decreased with increasing joint spacing
and lateral stress. Improvement ratio decreased exponentially with increasing deformation modulus of the rock mass
model before grouting. Three-dimensional FDM analysis was performed to a highway tunnel case using experimental
data of grouted rock. The convergence of the tunnel predicted after grouting by the numerical modelling coincided
with those attained from the field measurement.

KeyWords: Grouting, Jointed rock mass, Biaxial compression tests, Deformation modulus, Three-dimensional FDM
analysis
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Fig. 1. Schematic diagram of the apparatus for generating
fractured joint of biaxial specimen.

Table 1. Physical and mechanical properties of sample materials.

Property . P wave S wave Uniaxial Tensile Young's .,
Specific . . . Poisson’s
Gravi Velocity Velocity Compression Strength Modulus Ratio
Sample type R4 (m/sec) (m/sec) Strength (MPa) (MPa) (GPa)
Marble 2.76 3,080 1,710 71 15.6 48 0.31
Microcement 1.47 2,590 1,140 10 1.1 5.7 0.29
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Fig. 2. Schematic diagram of biaxial compression test
apparatus.
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Fig. 3. Jointed rock mass model for biaxial compression test
(JS: Joint Spacing, JSA: Joint Set Angle).
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Fig. 4. Axial stress-axial strain curves for jointed rock mass
model before grouting (Joint spacing 4 cm, joint set
angle 45°).
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Fig. 5. Axial stress-axial strain curves for jointed rock mass
model after grouting (Joint spacing 4 cm, joint set
angle 45°).
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Fig. 16. Cable elements for simulating rock bolts and steel
pipes.

Property Layet Soil Weathered rock 1| Weathered rock 2 ((Z;.glctfdl ()r(()’;},() gt?f::;dﬂr)g/?)(
Density (kg/m®) 1,900 2,200 2,300 2,300 2,300
Shear modulus (MPa) 18 692 950 4,250 2,600
Bulk modulus (MPa) 50 1,500 1,670 7,470 4,600
Friction angle ( ° ) 15 15 19 39 29
Cohesion (MPa) 0.025 0.05 0.17 1.20 0.95
Tensile strength (MPa) 0 0.025 0.085 _0.60 (.48
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(c) step 11

Fig. 17. Excavation step for analysis.
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step.
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Fig. 19. Vertical displacement contour after excavation step
16.
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step.
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Fig. 22. Horizontal displacement contour after excavation
step 16.
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