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Abstract: To promote the resource utilization of shield
tunneling residue, this paper focuses on the complex
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composition, high moisture content, and poor
permeability of earth pressure balance (EPB) shield
tunneling residue. In combination with penetration test,
mercury injection test, and computed tomography (CT),
the multi-scale seepage characteristics of shield tunneling
residue were analyzed, and the effect and mechanism of
flocculant cationic polyacrylamide (CPAM) and defoamer
organosiloxane on the permeability of the residue were
investigated. The results show that the permeability of
shield tunneling residue is affected by the foam in residue,
and the permeability coefficient is finally stable around
7.72x10 °cm-s . The residue has a high porosity, small
pore size, and poor penetration. The addition of CPAM
can improve the permeability of the residue due to the
adsorption bridging and electric neutralization effects.
However, excessive flocculant will inhibit the seepage.
The optimal dosage of CPAM in this experiment is 0.30 %,
and the maximum permeability coefficient can reach 2.55x
107 cm-s™'. As the content of organosiloxane defoamer
increases, the permeability coefficient of the residue
increases, which can quickly eliminate the foam and
improve the connectivity of seepage channel. The optimal
dosage for this experiment is 0.20 %, and the permeability

coefficient can reach 1.31x10° cm-s ™.

Keywords: shield tunneling residue; seepage; flocculant;

defoamer
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Tab.1 Physical performance parameters of EPB
shield tunneling residues

KIRTKA/ Y HIE IR/ W/ PSR
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Tab. 2 Mineral composition of EPB shield tunneling

residues
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Fig. 1 Schematic diagram of penetration test device
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Fig. 2 Physical image of penetrometer

FE N R L S Nl e [ v i OB S
B, UL AR &R CPAM FITE 1 A HLEE ke it
I G 9838 Z BN R a8 BN 3
Jiw o o, J 8 b R R JROR S A8 T 105 "CHt
FAfE TR 4, 2B 0 T, AR R AR
}32.5 VAR AR FHFRE S h L L, R AR
AR E ST AR | Syt e 7 6L N SR I I 4
DA 3 e e ) SOk DL R T X ek, R e
W3 SRS A 7 138 1 R IREA & (FIR) ,
FIR 4 10 % , DABE LS B T2 A A 4 e - £l i+
i s
1.3.2 JuikPERtE:

AR 50 308 2 DA [ 22 B R AT v R 2 i
TR A % A5 R T 1) P S TR Bkt R
SEMERSZIR I E RN R 4 PR .

(1) R K A5

IR 19 A& HL A% R (foam expansion ratio) J& 45 .
AR R AR VA TR A G AR AR R S & A RV T
TR AR, 7T s B0 TR O B Bk P o 000 el i il e 3
3 Y5 LR VAR 100 mL , 38 b bl e Xt Tk 70 i

®3 BERBAREIT

Tab. 3 Scheme of penetration test

P I KA/ % CPAM/ % ABLEEERE %
A0 JFARE 0 0 0
Al E#EAt 10 0 0
Bl E#+ 10 0.05 0
B2 E#At 10 0.15 0
B3  H#+ 10 0.30 0
B4  HA+ 10 0.50 0
Cl  ®E¥+ 10 0 0.05
c2  HEWAt 10 0 0.10
C3  H#+ 10 0 0.20
C4  FEH+ 10 0 0. 30
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Tab.4 Scheme of foam performance test
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P7 3 100 0 0. 20
P8 3 100 0 0. 30
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Fig. 3 Desktop vacuum freezing dryer
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Fig. 4 Freeze-dried soil sample
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Fig. 6 Change of permeability coefficient of undis-
turbed shield tunneling residues
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Fig. 7 MIP of undisturbed shield tunneling residues

2.1.3  JFURIEFE 1 = HE Y

{8 FH Avizo B4 % CT F 45 g AL B4
(E18). M CTRMGLZ T ieS L oh ok BT
B, ISR T TR CT Z4EW 2 1 R T
k30 mm><30 mm AR B XI5, -4 A3 1 B
TUMEUGR AR X SR LB 53 (51 8 a FIIEI8 b) o
XTALFRY 581 5K U] 7 MR T = 4 dE A 15 3 58 4 1Y
JECR JE A - — 2 T A AR RN — A LB, LB 3
T ZRAE VLI 8 c FIE 8 do MEI AT LA H FLBR A AL b
I3 T RN LKA — HALBIESA—, Hr
DL P /INFLBR N 3 S % T FL B, 3 A R )
Volume fraction B3 0] LA43#r L HE R FLER =S, i —2F
i Axis connectivity 4 1] LIFGY - FERGZEEME , %
X [EEE FLB R 280 AN 5.9 %, BHREAME. B
TR (8 e) iR , AR K B A FLERRH.
T BT, A B RIS i
25 U LRSS A R BB A ERE 25 1Y
HEJFH
2.2 ZEFIFEEFIERE BRI
2.2.1 BBERH

K19 a FIEL9 b 435I A e 2 3 1050 T 15 1 A ]
B CPAM M HLEETE R A E 9 958 R A0k
Mgk, £5 MR RRLS R, TBEN

0.00 %Has A HEEFS AL, HiB s 280k R i a
SRR AL BTk R A R AU, i R
HOIA T RS s P AR FE AT AT LAE FE AL
BE K S5, REAIG I 19318 5 | (HL R B) &% Rt vk
G B8 R BURAREFEI. 96 <10 emss ™ s
HE 9 arl %, 24 CPAM B AR/, i+ 195
% 2B B AL BE CPAM #3819 K, 8 + 19
BRI K, H S HB RN 0.30 Wi, 3B
B 2Bk B K 2.55X107° emes ! [ S 5 H 2
CPAM 4 0. 50 %I, B i A1 32 2 0 W10 , &
BRI R 4. 49X10 emes ™', H1 325 A I CPAM
XoF 2R A 23 RA 0 TR P 5 109 6 Wk 3 5 e L 1k
A, CPAM ] LAMUAR i + A9 i TERE— T 2 K A
CPAM A5 A5 e 1 HLfof , i 3k v oA AT DA 4
T PR Zh - 00 S AT 1) UL 2 254, (o 386 - Sk 2 i
(R 285 G 7K IS JEE U >, SRR R T S5 7K ) 26 R0
73— 7 T CPAM 1 8 AIK Mk B e, v 0 1 K 8
-COO- ,-NH-45 1] DL 8 “ 4847 19 07 U [ e 24
TR R TET I 3 Aok R R AT A P el G 1 Ok SR AR T
AR ; 5 R I CPAM 431~ 1 5 7K 5 [ [ 4643
i, BEAR T AR KB, 24 CPAM B Axd /b
FisF, HC R A RV PRI A ARV TS5 , 2 SO
T B TCHI RS . Y CPAM 2 A i,



996

6] 5% K 2 2 (A 4K BE 2 B

o5 52 %

d U+ = AEf LB

e fLBE IR

E8 CTiluabELER
Fig. 8 Processing results of CT test
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Fig. 9 Change of permeability coefficient of remolded soil
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Tab.5 Test results of foam performance
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P7 0 0. 20 3.70 56
P8 0 0. 30 3.62 49
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Fig. 10 MIP of remolded soil
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Fig. 11 SEM images of remolded soil samples
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