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Characteristics of High-viscosity Grouting Materials
for Rock Joint Reinforcement of Deep Tunnel
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ABSTRACT : This study presented the characteristics and additive effects of the grout with mixing ratio for developing of high-efficiency
grouting technology under high depth conditions. The laboratory investigation were conducted with Portland cement (OPC) and micro
cement (S8000-E) including viscosity experiments, particle size analysis experiments, Gel-Time experiments and uniaxial compressive
strength experiments. As a result of the viscosity experiment, it was shown that OPC is advantageous in terms of viscosity, but
S8000-E is suitable when considering the passage of rock joint intervals through particle size analysis. The Gel-Time experiment
shows that it is not that difficult with injection as a grout material even when silica fume (SF) was applied. The strength of the
cured material is improved as increase in the content of silica fium (SF). Within the range of the study, the optimal mixing ratio
obtained through various experiments is S8000-E, w/c=70%, silica fium (SF)=6%, and 7 days.
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Fig. 1. e and E depending on the roughness of the joint
(Barton, 2004a)
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Depth zones S(m) e(nm) E(pm)
5-15m 0.3 150 218
15-25m 0.4 110 186
25-45m 0.6 80 159
45 - 60m 0.7 60 138

Grout-Take Estimates / 1m’ rockmass

Depth zone 5-15m 15-25m 25-45m 45 -60m
Grout (litres) 2. 1.4 0.8 0.6

Fig. 2. Cubic network (Barton et al., 2019)
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Fig. 4. Injection material particle size distribution curve

Table 1. Injection material particle size analysis

OPC S8000-E
D50 (um) 19.49 9.319
D90 (um) 52.94 21.76
D95 (um) 63.41 33.01
Dmax(pm) 161.2 133.7
Mean (um) 25.19 12.78
Median (um) 19.49 9.319
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Table 2, Gel-Time

wic (%) OPC Gel-Time (s) S8000-E Gel-Time (s)
50 53.27 -
60 3237 -
70 36.16 14.21
80 26.40 14.46
90 21.07 15.00
100 22.50 13.60

Table 3. Gel-Time based on SF content w/c=70%

SF (%) OPC Gel-Time (s) S$8000-E Gel-Time (s)
1 28.08 18.41
2 26.03 17.78
3 24.97 2333
4 26.26 21.88
5 073 19.96
6 2297 28.63
7 29.40 21.81
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Table 4. Uniaxial compressive strength test according to w/c

OPC S8000-E

w/c Costnlzrnegstive Shrinkage Cosr:rzlegstive Shrinkage
% % %
(%) (Mpa) (%) (Mpa) (%)
50 14.74 2.67 - -

60 6.64 5.67 - -

70 3.79 3.00 11.60 2.17
80 1.99 433 9.77 2.67
90 1.50 5.00 3.79 3.00
100 0.86 5.17 1.99 433

Table 5. Uniaxial compressive strength test according to the silica
fume (SF) content

w/c=70% OPC S8000-E
Compressive . Compressive .
SF (%) Str];ngth Shr(‘;i‘)age Str];ngth Shr(‘;)()age
(Mpa) (Mpa)

1 4.423 3.67 14.13 2.83
2 4.73 4.33 18.50 2.67
3 4.48 4.00 18.51 2.33
4 4.83 3.33 16.69 2.50
5 5.55 3.67 18.50 2.50
6 6.43 3.83 19.61 2.33
7 5.20 4.00 16.40 2.67
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Fig. 5. Compression strength during curing period according to
the ingredients mix

Fig. 6. OPC + SF Cross section Fig. 7. S8000—E + SF Cross section

Fig. 8. SB000—E + SF, OPC+SF, S8000—E, OPC, OPC (From the left)
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