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Abstract: An experimental device for testing the grouting reinforcement of water-rich broken rock mass is designed. Grouting
reinforcement tests are conducted on the water-rich broken lime rock mass by using cement PO42.5, cement SAC42.5 and
self-developed materials. By analyzing on the results of the uniaxial compression tests on reinforced rock samples, the
influences of the grouting pressure, grouting materials and argillaceous filler inside the broken rock mass on the grouting
effectiveness are studied. ANOVA is adopted to determine the dominant factors which influence the grouting effectiveness and
their interior interactions. The self-developed materials are proved to have better performance than Portland and
Sulfur-aluminate cement materials. The test results are successfully applied to engineering practice with a good grouting effect.
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Table 1 Types and performances of grouting equipments
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Table 2 Basic physical properties of grouting materials
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Fig. 3 Relationship between porosity and rock size
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Table 3 Uniaxial compression test results of limestone

W CPEPUE PR RS SRREPLE PRORGRE

GFR SRE/MPa GEE/MPa 5 SRE/MPa /MPa
L-1 52.8 13.1
L-2 57.7 9.8
K 53.6 11.3 L-3 49.8 11.1
L-4 54.9 10.4
L-5 51.8 12.1
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Table 4 Uniaxial compression test results of grouting-reinforced

samples

OB P35 s AR " BURE SRR SR

%5 /MPa WEES m " Mpa
P-1 21.6
P-2 24.4

PO 22.7 2.01 P-3 234
P-4 20.8
P-5 23.3
S-1 26.1
S-2 21.5

SAC 23.2 2.05 S-3 22.8
S-4 20.7
S-5 24.9
C-1 40.2
C-2 38.6

CGM 37.1 3.28 C-3 34.5
C-4 36.5
C-5 35.7
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Fig. 4 Stress-strain curves of stone before and after grouting
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Fig. 5 Uniaxial test photos of different grouting reinforced samples
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Table 5 Uniaxial compression test results of grouting-reinforced

samples under different pressures

MR ERES CPHRE ONE W SR
KAl /MPa ME/MPa R 5 5EE/MPa
P-6 19.2

1.0 20.3 1.80 P-7 21.9

P-8 19.7

PO P-9 25.6
3.0 24.1 212 P-10 22.9

P-11 23.8

S-6 20.6

1.0 20.5 1.81  S-7 22.3

S-8 18.7

SAC S-9 25.7
3.0 24.7 2.19  S-10 22.6

S-11 25.8

C-6 36.1

C-7 37.2

1.0 35.6 315 C-8 33.8

Cc9 32.7

C-10 38.3

CGM C-11 36.1
C-12 374

3.0 37.5 332 C-13 375

C-14 39.7

C-15 36.9
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Fig. 6 Relationship between grouting pressure and reinforce
coefficient
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Table 6 Uniaxial compression test results of grouting-reinforced

clay samples

MRS ERES CFBUE Nl

L0 S E WA

eyt /MPa ME/MPa R 5 [E/MPa
P-12 16.5

1 15.8 1.40  P-13 15.7

P-14 15.2

P-15 18.2

PO 2 18.3 1.62 P-16 19.1
P-17 17.7

P-18 20.5

3 20.6 1.82  P-19 21.6

P-20 19.7

S-12 16.2

1 16.6 147  S-13 15.9

S-14 17.6

S-15 18.9

SAC 2 19.6 1.73  S-16 19.7
S-17 20.2

S-18 22.5

3 21.6 191  S-19 21.8

S-20 20.6

C-16 32.1

1 32.2 285 C-17 30.7

C-18 33.9

C-19 32.9

CGM 2 34.6 3.06  C-20 344
C-21 36.5

Cc-22 33.6

3 35.0 3.10 C-23 36.2

C-24 35.2
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Fig. 7 Relationship between clay and reinforce coefficient
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Fig. 8 Uniaxial test photos of grouting-reinforced samples
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Table 7 ANOVA of grouting factors
WS ERME ERIEN AR KRS R /MPa

1 PO 1 ¥ 15.8
2 PO 2 H 18.3
3 PO 3 ¥ 24.7
4 SAC 1 H 16.6
5 SAC 2 ¥ 22.7
6 SAC 3 ¥ 24.1
7 CGM 1 ¥ 35.6
8 CGM 2 c 37.1
9 CGM 3 H 35.0
K, 19.400 22.667 25.867 —
K, 21.333 26.033 23.300 —
K; 35.900 27.933 — —
R 16.5 5.266 2.567 —
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Fig. 9 Interpretation results of high-density electrical technique
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Fig. 12 Monitoring curves of stress of rock bolt in different
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