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Evaluation of High-Viscosity Grouting Injection Perfomance for
Reinforcement of Rock Joint in Deep-Depth Tunnels
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ABSTRACT : This study aimed to develop high-efficiency grouting techniques under deep-depth conditions by experimentally verifying
the applicability of various injection materials. Particle size analysis and injection model experiments were conducted with Ordinary
Portland Cement (OPC) and Micro Cement (MC) to evaluate the injection performance of each material. Using Barton’s Cubic Network
theory, the rock fracture spacing was calculated for domestic deep-depth standards, specifically below 40 meters underground. The
analysis of particle size passability under selected conditions showed that MC could pass through the rock fracture gaps, while OPC
could not. According to the results of the injection model experiments using experimental devices and area calculation software, OPC
failed in injection due to its larger particle size, whereas MC was capable of injection even under high-viscosity conditions. Based
on these findings, the study quantitatively and visually derived the applicability of grouting materials under deep-depth conditions,
and high-viscosity MC material is expected to be effective for waterproofing enhancement in deep-depth rock fracture surfaces.
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Fig. 2. Barton’s Cubic network (Barton & Quadros, 2019)
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Table 1. Injection material particle size analysis (Yoon et al., 2021)

OPC MC

Dso (um) 19.49 9.319
Dop (m) 52.94 21.76
Dos (pm) 63.41 33.01
Dinax (nm) 161.2 133.7
Mean (um) 25.19 12.78
Median (pum) 19.49 9.319
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Table 2, OPC and micro cement rock joint passibility

Dos (um) 4Dos (um) Passibility
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MC 33.01 132.04 (¢}
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Fig. 3. Injection model experiment device configuration diagram
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Fig. 4. Image J flow chart
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Table 3. Area ratio and net area analyzed through image J

wic Area ratio (%) Net area ratio (%)
(%) OPC Micro cement OPC Micro cement
70 27 39 0 12

85 27 38 0 11

100 28 32 1 5

wl/c . L. Injection distance
Cross sectional analysis image

(%) (cm)

70 1.3

85 - 1.6

100 1.6

Fig. 6. Analysis of the cross—section of micro cement
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