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Study on the Pre-grouting Reinforcement
Technology of Shallow-buried Underground-
excavated Full-section Sand Tunnel

HE Qiumin, ZHOU Donghui, WEI Qi

Abstract Aiming at the problems of vault collapse and
surface subsidence during the excavation of shallow-buried full-
section sand tunnel, taking certain metro tunnel project in
Xi'an as an example, the pre-grouting reinforcement
technology is studied. Through laboratory tests, the grouting
slurry ratio is studied. Results show that when the volume ratio
of water, phosphoric acid, water glass is 13.00:1.00:3.30, the
slurry has short cementing time and good permeability, and the
unconfined compressive strength and direct shear strength after
sand reinforcement meet the engineering application standards.
The failure mode and mechanism of surrounding rock and
surface of tunnel after grouting reinforcement is studied by
FLAC3D simulation software. Results show that the maximum
ground settlement is 1.2 mm after grouting reinforcement,
which is 80.0% ~95.0% less than that without grouting. The

settlement of tunnel vault is 6.0 mm, which is 49.6% less than
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that without grouting. Grouting reinforcement can effectively
inhibit the formation and development of plastic zone of tunnel
arch surrounding rock, and greatly reduce the excavation
distance of vault settlement reaching a stable state. The
research results have been successfully applied to metro tunnel
project, and there is no obvious collapse of the indigenous sand
layer. The soil stability is good, and the formation arching
effect is good.

Key words metro; tunnel; shallow-buried tunneling; full-

section sand layer; grouting reinforcement
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Fig. 1 Geological section diagram
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Tab.1 Cementing time and effect evaluation
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Fig. 2 Cementing state of slurry at different standing time

- 167 -



EEREHT R A R B R —,
PEER WA LRy 8O E. 4 T R ES
AR B SR BRI Bk AR T, O
(R BRE IS B T) 17 AR 8 S, AR RS AT LA SE 4 3 8
SRS R A A N A MR K, A T
B 1 b T KL W A A Bl TR OK R B Y R
W) BE S ] NS Pl B, S MR BE . h T AT K
FETARRARZ M T K, H32 TIABR I, Br DA
AN B 2ot 4o R 40 50 6 00 65 SR T, K
TR 7K 3% 38 AR AR I 43 1 R 12.00:1.00 :3.25,12.00
1.00:3.35 1 13.00:1.00 :3.30 i}, 3 0] 784075 15
EWb A, TR RO
2.2 EMIRMEREIRE

FRAE R 5100 5 L, VE R /K (BRI 7K B B 4
Foh 13 :1:3.30 1 1221 :3.35 B (4 o 1 K 38 B 05 Wi
INERD A, AT IC M BR T 5 6 . D+ A S5
TR HIRE il AR T 8 1.50 g/em’, 3R
G R AR 7K 2R 15% , [ AE AR IRE 5 80
mm, E 2R 39 mm, A 58 R E 12 h, DL
TRUEFE ST BESS o R 25 St B AT 3 R o

a) AREI % b) 0B 0 i
3 AR A S

Fig.3 Sample preparation and test process

ANFZHBECEL R, Jo M BR B e o 5 056 14 1 g
N AR 2R NP 4 s o i iR ah R nT g 24K B
i KBS AR R 13.00:1.00 :3.30 1 12.00:1.00
:3.35 B, BU R BR B4R 50 kPaj4 h 5 PR
Biggid 2 10 kPa DUF . 57K (BER 7K 3% 58 1) IR FR
A 12.00 :1.00 :3.35 #f Fb, 4R FLH R 13.00 :
1.00:3.30 B, 7t He 588 2 8 R B i) b FHAS B PR, 3%
L 260 ) ) P ) o () 8RB, S B TR g 4K
R
2.3 HENRE
PUBCIR /T2 R Sk Bl & 20 Lt |
BYIREG , RAF AP BT LR & 5 Bk, HIES AT
HL RS HWFEER ) C=0.37 kPa, NEEHE ¢=16.8°,
- 168 -

60,
50}
<
< 40
R
530
%20-
10
0 1 2 3 4 5 7
i 1) A/ %
a) K IR KBRS ARG A 13.00:1.00:3.30
60r
500
<
£ 40
R anl
5130
ngzo-
10}
0 1 2 3 4 5 6 7
Bl ) VAR /Y%

b) K. BERZ . AKIEESARFRLE Y 12.00:1.00:3.35
B4 ORRIREEL LT 0TSO R TR o

Fig.4 Unconfined compressive strength at different slurry ratios
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Fig.5 Shear strength envelope of plain sand
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different proportions and standing time
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Fig.7 Numerical calculation model
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Tab.3 Surrounding rock physical and mechanical

parameters
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Tab.4 Numerical model supporting structure mechanical

parameters
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Fig. 8 Screenshot of formation subsidence nephogram in software
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Fig.9 Settlement curve of middle section vault
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