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Fig. 1 Situation of pavement subsidence and the rupture and settlement of vault
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Fig. 2 Diagram of groundwater level differences and borehole water spray
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Table 1 Groundwater levels and the interconnection of some boreholes in the treatment section
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Fig. 3 Locations of some boreholes of exposed groundwater and the depth of the interconnected spray
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Fig. 4 Reasons of pavement subsidence and the rupture and settlement of vault

ARG TR AR SS M T R IR, AE b ey 3 R+ S5
FIVERIT, BB 15 7 1 3 BT, 32 DX 385 M g
PRUTRA, AR 3G I, Bofl B 18 = A HET0UE 24T
(K 4(b)).

2 MMARKERGEXCEEARNA

2.1 XEFRSH

(1) & 7K B BRAR A N B B AL LR SRR
(i K A BRCDR b AR b Bl L T, PR AR EE A AR
T 1 AL BESIR | AR AR LK T 3 R
PR 22 B A 2 T8 PRS2, L LS FEAR K

(2) IR | IR R A S H
PR S SRR o O TICRE 32 IR 25 B s 3 22
73 W 2 I B4 328 36 P LK SR, Al R A i 1
o AT 2 A B0 K RO H, O ek A
A, i v A T 2 ) R A i 2 AR R M A TR
FEAN [P A 23 A1 o T e AR AL
TEH W BIAR ISR QIR ) | T AR
02 PR

(3) i FLA5 PR B | 0 922 it T AN a0 s
T 5 1k = A B SR 3 BILX A o
N LREAE R, AR ER IR, PR B
TR 22 53, i T 48 2 o T J6 A AL T 69
FRORBEERG o AR ol FL 22 A 2, ELTE SR IR0 ] By
b3 )2 5 S G THIEOR T A8 R Ry 4t T
Kt

22 ZEBNERERE

221 HEZEX S

1 YK2+683~YK2+710 BtAE AW At B A HLIX .

R i i J2 50 B3 %) 52 i R SRR B DA 3 BE X, 4
TR B X 43 R 0 DX AT ] B (YK2+692~YK 2+
702) . 520 DX YCE N FE B (YK2+683~YK2+692) Fll
T4 RITIn  BE (YK2+702~YK2+710) o RFITRG X
T [ B SR T WD 2 5 1 5 58, %o 5 el DX YK o
SN BRI A T2 68 1 I 1 B G5 1A R 2
FomE (E 5s—E 8) .

| B RHLE I B LRI

CSRFg UK AN EB N B

ﬁﬁ Him B CL TR B (PR T M FEBURE)

7 /s i

__O _____ [} N o
— (=) (@) [e2]
o~ [ O O
+ + £ £
N N N N
D M M M
> >~ >~ >

5 REX#EE=RNSTEE

Fig. 5 Schematic diagram of the horizontal three-section

division of the treatment area
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Fig. 6 Schematic diagram of layered treatment of the key

reinforcement sections in subsidence areas
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Fig. 7 Schematic diagram of the grouting reinforcement layer in

the sub-key reinforcement section in the affected area
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Fig. 8 Schematic diagram of the grouting reinforcement layer in

the pre-excavated reinforcement section
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Table 2  Grouting mechanism, slurry type and grouting control parameters of each reinforcement layer
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Fig. 9 Schematic diagram of interval layout of

different types of grouting boreholes
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Fig. 10 Schematic diagram of the drilling grouting
principle of the top slurry barrier layer
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Fig. 11 Schematic diagram of the drilling grouting
principle of the vault cushion layer of slurry stopping
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Fig. 12 Schematic diagram of drilling and grouting

of the reinforcement layer at the top of vault
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Fig. 13 Schematic diagram of drilling and grouting principle

of intermediate reinforcement layer
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Fig. 14 Schematic diagram of the combined technology of slurry-stopping in the hole
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Table 3  Statistics of drilling quantity, grouting quantity and final grouting pressure of each

reinforcement layer in the key reinforcement section of the subsidence area
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HETR 402 (BIF )/ EHAL 30 28 42.72 0.3~0.5
BETIN 2 (CR)/E AR L 35 31 96.60 0.5~1.0
PRI 2 (D /AR HAL 30 24 108.63 1.0~1.5
FhifL/aE B 6 6 10.06 0.8~1.0
Biny 131 115 349.54
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Fig. 15 Distribution of grouting amount in the third section of YK2+683-YK2+710 treatment area
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Fig. 19 Distribution of grout veins in the core sample
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Study on "three-section and four-layer" reinforcement technology of tunnel
vault subsidence in the karst basement

QIN Jianwen', LI Haibo’, PAN Guangming’, TIAN Yueming'
(1. Guangxi Geological Environment Monitoring Station, Guigang,Guangxi 537100, China; 2. No. 4 Prospecting Team
of Shandong Coal Geology Bureau, Weifang,Shandong 261200,China )

Abstract In order to effectively control the geological disaster of tunnel vault subsidence in the karst basement, the
"three-section and four-layer" control technology is proposed, based on the full analysis of engineering geology and
hydrogeological characteristics of the subsidence stratum. In this technology, the treatment area is divided into the key
reinforcement section, the sub-key reinforcement section of the affected area and the pre-excavated reinforcement
section. According to the treatment depth and order, the key reinforcement section of the subsidence area is divided
into the top slurry barrier layer, the vault cushion layer of slurry-stopping, the vault reinforcement layer and the
intermediate reinforcement layer.

In terms of grouting mechanism, filling grouting and splitting-compacting grouting are adopted in both the top
slurry barrier layer and the intermediate reinforcement layer. The alternate mode with filling-splitting-compacting
grouting is implemented in the intermediate reinforcement layer, and the filling grouting mode is adopted in the vault
cushion layer of slurry-stopping. Splitting-compacting grouting is conducted in both the pre-excavated reinforcement
section and the sub-key reinforcement section in the affected area. In order to reduce the leakage of grout in the top
slurry barrier layer and vault cushion layer of slurry-stopping, C-GT quick setting mixed grout is selected, and the
initial setting time of the grout is controlled at 30-50 seconds, while the final grouting pressure is no more than 0.5
MPa and 0.8 MPa. In order to realize the effective diffusion of slurry in the vault reinforcement layer and intermediate
reinforcement layer, the initial setting time of C-GT mixed slurry is extended to 50-90 seconds, even up to 150
seconds, and the final grouting pressure is up to 0.8-1.2 MPa. To improve the slurry diffusion and overall
reinforcement strength of the pre-excavated reinforcement layer and the sub-key reinforcement layer in the affected
area, the alternate and continuous grouting mode of single and double cement slurry is implemented based on the high
consolidation strength of single cement slurry and the quick setting characteristics of C-GT mixed slurry. The above-
mentioned technology is the key to the success of grouting reinforcement. Besides, the combined grout-stopping
method is used to effectively deal with the segmented grout-stopping at the place where the hole wall collapses and
shrinks, and the diameter of borehole is greatly oversized. Hence, the isolated grouting at different depths of those four
layers is realized. The directional inclined hole is used to effectively avoid the hidden underground pipeline, and the
grouting pipe is used as the pipe roof to improve the shear resistance of stratum. Combined with grouting, this
technology can effectively improve the overall strength and stability of the reinforcement stratum by tunnel vault
grouting.

Research results indicate that "the three-section and four-layer" treatment scheme is the basis to effectively
control the subsidence of soil overlying the tunnel. The combined grout-stopping technology in the hole is the
guarantee to meet the requirement of segmented grouting at different depths. The combination of vertical hole and
directional inclined hole and of filling grouting and splitting-compacting grouting, taking quick setting slurry as the
primary part supplemented with single cement slurry, and the strict control of safe grouting parameters are the
technical keys of safe and effective grouting. The application of the above technology has achieved good grouting

reinforcement effect and hence should be popularized.

Key words karst basement, tunnel, stratum subsidence, disaster control, segmented grouting
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