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Abstract: The test apparatus for underwater karst grouting materials, which be used to evaluate the anti-washout properties of
grout, is developed. Using this device, a series of anti-washout property tests on modified clay cement paste grout in underwater
karst fillings are conducted. The retention ratio index of grout is utilized for the quantitative evaluation of the anti-washout
properties of grout, and the tests on physical and mechanical properties of retained body are also carried out. The result shows
that the anti-washout properties of modified clay cement paste grout are greatly affected by the water cement ratio of grout,
karst fillings and velocity of water flow. The anti-washout properties of grout are relatively good when the velocity of karst
water flow is no more than 0.8 m/s. With the increasing water cement ratio of grout or the decreasing water flow velocity, the
retention ratio of grout tends to increase and can be significantly improved with the existence of karst filling materials. The
physical and mechanical performance tests on the retained body indicate that the density is greatly influenced by the filling
materials. When grouting under hydrodynamic environment, the downstream grout diffusion distance is greater than the
upstream one. The viscosity of grout has a great effect on the diffusion distance, and the velocity of karst water flow can be in
favour of the diffusion of grout along the water flow direction and restrain the diffusion along the reverse water flow direction.

The 28-d compressive strength of retained body is deeply

EE&TH: EXRARFEESTE (51279019); H[E LR A
under karst water condition is significantly less than that under KRR (2011-036-WLDKJ-X): 5 R A2 ok s Fh 2

freshwater condition, but it is still up to 3 MPa. The engineering IS5 B L BB &I H  (201622ts075)
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influenced by filling materials. The 28-d compressive strength

application of prototype tests indicates that the modified clay
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cement paste grout can be used for treatment of karst areas under certain velocities of karst water. The formula for grout in

underwater karst treatment derived by indoor tests is feasible and may provide theoretical guidance for underwater karst

grouting of shield tunnels.
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Fig. 1 Schematic view of laboratory grouting test device
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Fig. 2 Laboratory grouting test device
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Table 1 Formulation ingredients of karst water

(mg/L)
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KR, KIBHNEEL 80 um 7 FLIH T A EA KT
5%, PEAETH L GBI75—2007 FRitEA R E R, B+ R
R MEE B A e R B 1, rETE% 29, Bk ki
1£<<0.005 mm N 60%, JRIKLLE Ny 1.25; ik fIResr
HN: A (2550575 sodium aluminate) +B (3 P57
calcium lignosulfonate) .
1.3 RLSE

T ERCHAT B EIE K, BIEAME KR, I
W RGBT S AR, AR E R, K
IRV B 4T, PR, AR TR
AR RIS . A, HRERTRE (M.
SRIG, WS SRR AT G S K R, AT LA KA

PN 7K I K P R A A e ek R SE JRIE v (0.2, 0.5,
0.8 m/s). f Al ALK S /KR AR B 5, e T2 1
FRoKE . w/e 0831, 1:1, 1.2: 1) BT
HREN, HREKFEER, RERETENG, K
VEIRIE, WS IAL KRS K, B2 R /K
OB, %P KR AT v 7K R, 2 R ALOC
EVHERA K EE . T8 B T KAE A TR, FRIRER
AT AT R (M), 4% BLROG B A7 AT HX
FE, BHATHSCRE . R SCE KR N I A A R
M

2 HEERSHH
S FH 2 T TR0 20 e b /K e B R BEAT P B
YRR, 3ot 21 A (T EIRERIERESIK T 5
Berd, 2B REAK RS G, I 5E SFBEN T 5 AT
WIER SR, HEASRRBEFE GRR, W& 2.
R 2 RO BMRIABRER
Table 2 Results of anti-washout property tests

) 7o) FKTE v JKIE B GRR
75 eyt /(m-s™ Wwi/C 1%
1 0.2 0.8 96.20
2 0.2 1.0 93.90
3 I 0.2 1.2 85.33
4 & 0.5 0.8 90.93
5 7 0.5 1.0 85.37
6 i 0.5 1.2 75.74
7 Wy 0.8 0.8 77.60
8 0.8 1.0 76.87
9 0.8 1.2 62.62
10 0.2 0.8 95.53
11 0.2 1.0 95.25
12 0.2 1.2 93.19
13 o 0.5 0.8 91.19
14 4 0.5 1.0 86.35
15 b 0.5 1.2 76.16
16 0.8 0.8 81.40
17 0.8 1.0 77.15
18 0.8 1.2 73.07
19 & 0.2 0.8 94.63
20 it 0.2 1.0 93.98
21 % 0.2 1.2 88.19
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Fig. 4 Experimental curves of GRR under different water
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Table 3 Test results of density of retained body

ke FEIEY) I v K[ B BT
F5 KA /(ms ") Wi /%
1 0.2 0.8 59.38
2 0.2 1.0 53.74
3 A 0.2 1.2 47.57
4 o 0.5 0.8 57.93
5 7 0.5 1.0 51.08
6 I 0.5 1.2 50.53
7 ) 0.8 0.8 55.77
8 0.8 1.0 50.30
9 0.8 1.2 46.13
10 0.2 0.8 77.37
11 0.2 1.0 74.09
12 0.2 1.2 71.94
13 o 0.5 0.8 75.60
14 4 0.5 1.0 73.88
15 b 0.5 1.2 71.29
16 0.8 0.8 74.98
17 0.8 1.0 73.70
18 0.8 1.2 70.83
80
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Fig. 5 Test curves of density of retained body
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Table 4 Calculation of retained diffusion distance

R Wy KEE WIAEE I BRI /m
5 Mmsh  WIC Mpass) Ik Wik
1 0.2 0.8 42.75 1.48 1.13
2 0.2 1.0 37.96 1.55 1.25
3 0.2 1.2 16.68 1.64 1.37
4 0.5 0.8 25.06 1.67 0.82
5 0.5 1.0 18.13 1.77 0.91
6 0.5 1.2 11.30 1.83 1.09
7 0.8 0.8 07.96 1.85 0.73
8 0.8 1.0 07.84 1.86 0.77
9 0.8 1.2 07.75 1.92 0.89
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Table 5 Compressive strengths of stone body

R FeIA iy KM EBEKIEP 28 d
FS R /(ms)) w/C YU 58 E/MPa
1 0.2 0.8 3.96
2 0.2 1.0 3.91
3 A 0.2 1.2 3.79
4 o 0.5 0.8 3.71
5 7 0.5 1.0 3.64
6 i 0.5 1.2 3.55
7 y 0.8 0.8 3.51
8 0.8 1.0 3.35
9 0.8 1.2 3.13
10 0.2 0.8 6.01
11 0.2 1.0 5.92
12 0.2 1.2 5.75
13 El 0.5 0.8 5.48
14 g 0.5 1.0 5.03
15 b 0.5 1.2 4.96
16 0.8 0.8 4.72
17 0.8 1.0 4.61
18 0.8 1.2 4.53
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Fig. 7 Engineering geological map
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Fig. 8 Core samples before and after grouting
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