$39% A4 oA TR R ol (A& B R Vol.39  No.4
2022 4F 12 H Journal of Hebei University of Engineering ( Natural Science Edition) Dec. 2022

XEHS:1673-9469(2022)04-0041-08 DOI:10. 3969/j. issn. 1673—-9469. 2022. 04. 006

JE T 288 Sk 1 e K o 2D 2 i o BB i 5%
KA B BaEd HEF I '’

(1. 335 i TRRABRA T, W14t 3R 430040 ;2. 32583z FrA Tl A2 i SRRl i 2 A il ik AR UFE o,
1t 37 430040, 3. 7 [E A IERE i AA FR AR, LA 100029)

WE. hiEk L E-TH M F ARG KB E 3 Z B v iR T2 @R 1 F AR R N
W12 AT FAREFMIAL A iFHoRE AR AR 2 EeR AN F L AL
GIRBIEEFE S KREH MM ET LETHERNRBGTERRTRFRL, RIEHF LR
R (D) AR ARG Ay B R 4 0 A AT R e AP R BT AR T I LK e AL B
BRI RAENIG; (2) R TABMAER 6 X3 T — B BEME Bt B A A W EE, AV R T4 E
A TEREAKREFGZR, A LR R RBRER AR L5, (3) B A A A K E A AR
Hag Rk o KIS AL F 435, A TH R BAFITE KR A X BIILEBNE, 5T )
THrRRE LR R T E, ééé\ytf‘ﬁféﬁ’a%‘%c/\%f&@‘%ié)ﬂ R, IEFIGEE LR R A
Hdeh) , BiE T I £ AR K AR BR AR B T S0 B T B FAE KE E R,
KA . ig}:ﬁﬂj;mﬂﬁfi;#}émi‘/;iéifiﬁg;"ﬁ/m

HE K-S U455 SCHRFRIRAD : A

Experimental Study on Improvement of Residual Soil in Silty Fine
Sand Stratum with High Water Pressure in Luntouhai Under Shield

SONG Xiangshuai'?, XU Chao"*", SHI Hongbing’, YANG Zhiyong'*, SUN Heng"’
(1. CCCC Second Harbor Engineering Company Ltd. Wuhan, Hubei 430040, China; 2. Transportation Industry
Transportation Infrastructure Intelligent Manufacturing Technology R & D Center, Wuhan, Hubei 430040, China;
3. China Construction Civil Infrastructure Corp. Ltd, Beijing 100029, China)

Abstract; In order to solve the technical problems of gushing and collapse of excavation surface when
the earth pressure balance shield passes through the silty fine sand stratum with high water pressure,
this paper studies the gushing prevention and control technology of earth pressure balance shield under
the silty fine sand stratum with high water pressure by means of screening test, modifier performance
test, sand layer gushing simulation device design and field engineering verification. Test and research
results: 1) according to the geological characteristics of silty fine sand of the project, determine the rea-
sonable variety and proportion of modifier, and optimize the bentonite swelling water ratio, expansion
time and mixing ratio; 2) Based on the similarity theory, a set of device for simulating the occurrence
and evaluation of sand gushing is designed to intuitively reflect the effect of modifier on sand samples
under different working pressures, so as to provide technical support for residue soil improvement test;
3) By evaluating the velocity v and horizontal distance of sand sample ejected from the gushing device
AL and other parameters, the relevant proportion and mixing amount of modifier required for specific
graded sand samples are determined, and the implementation scheme of anti gushing residue improve-

ment is formed. Combined with the actual application effect of shield tunneling through Luntou sea sand
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layer, guide the on-site bentonite improvement parameter control, verify the reliability of bentonite relat-

ed parameters and gushing simulation device, avoid the gushing risk of shield tunneling through water

rich sand layer.

Key words : earth pressure shield; high water pressure; silty fine sand; residue improvement; gush
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Tab. 1 Engineering geological and hydrogeological characteristics of stratum
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Fig. 1 Particle grading curve of test sand sample
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Fig. 2 Comparison curve of specific gravity under

different expansion time

[ZERR I

05 10 15 20 25
WA LA T
Pl 3 AR BE hRe ] T REER Ef 2

Fig. 3 Viscosity comparison curve under different expansion time

TIEKEE 1 ¢ 4 2235 g L (0P e A [R] i Ak
)R, R RE A S AR — B, HL 3 ARt 2 R4
NI,

3.2 BHTFTRAWEL

REGPEEE T 2 Mo TR AWM R AR, SR
[FIFC b 25 T MR REHEAT TR 58, i 50 35 b
FALRE L R R ARE TR R LA K pH A, T
MR F AR E 4 Fis

IR A 1R TR A YRR 8
1 000 BHIMAVRIEBHETF 4 i U HE 22, TP A A —E
MR TFROR 265 0 TR WA ] 6 1 000 Hf
IMAVCIEIEFETF IR IR 22, FHk 5 2 AR A
B, BMARSTFREYE SR IEIERE, BitE
LERF BN FRA WA TR

3.3 BiEtikFMiE
A X bR K R o R WA R AT
PERES BN LT, 456 B4Rk RTSAS , PRIERE 2

RS TREY

W TREY
K 4 R PIR R T REY
Fig. 4 Two kinds of high molecular polymers selected in the test
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Fig. 5 Design principle of test device
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Fig. 6 Slag gushing simulation device
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Tab. 2 Test conditions of bentonite mixing ratio
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Fig. 8 Different bentonite slurry mixing ratio
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Tab.3 Test conditions of bentonite expansion time
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Fig. 9 Expansion time of different bentonite slurry
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Tab. 4 Test conditions of bentonite water ratio
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Fig. 10 Bentonite water ratio of different bentonite slurry
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Torque of shield cutterhead
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