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Abstract: Soil conditioning is used to improve the plastic flow
capacity of earth pressure balance (EPB) in sandy cobble
strata. Conditioning tests were conducted for sandy cobble
strata in Chengdu by using foam, bentonite, and polymer,
including the slump test, the stirring test as well as the
viscosity test. The results show that sodium bentonite has a
better bulking capacity than Ca-bentonite and is not layered,
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which is more suitable for soil conditioning. The reasonable
ratio for bentonite alone is to have a concentration of 14. 3%
and an injection rate of 20%. The foam injection rate is
influenced by soil moisture content with a negative
correlation. Using foam and bentonite together for
conditioning can have a better result than using foam or
bentonite alone. The concentration is proposed to be 14. 3%
for bentonite and 3% for foam while the injection rate is a
range. There are many assembles which can meet the
demand. For instance, the optimum injection rate is about
15% to 20% for foam and 12% for bentonite, or 30% to
35% for foam and 6% for bentonite. Polymer is proposed
under rich underwater environment. Besides, under normal
circumstances, polymer also can be used for lowing bentonite
concentration, which can save bentonite consumption to

reduce project cost.

Key words: sandy cobble strata; shield; soil conditioning
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Fig.5 Stratification of calcium bentonite and sodium
bentonite

b Az 1

il 2 I L PRI, K = HEAN A PR3 PR BE A
[5] 5 5 FHAS [0 7 R A RE S ik ol TS A &
NI BB AR A9 7K b YRR BB AN R 5 X 0 2
BRI B RN 1 U ST L& AN IR B
PR SR F AL B 3R WU BE 48 b ok A B TR IR P AL 3R
1 AB BIFHHEERZE 76 Rl B2 A% 00 T 451
RBHE, AJK L FEEE 1 ¢ 10 B 45 A9 8 3¢
RMBEAIART BRFE 1+ 5 BER MR, 7T LA
TR, A B IE AL E W BAL T B 2K

S5E T T W B A b G E S AR (=X (D B
) BEERIEE T AT PN, R RIS RIE
BE 15 MPa « s BRI , 45 Wi 4+ 18 ) 57 074K
EHERRRRKERFR B K. ER BRI
MR, TR AR NS S MIE LSS5 &
JEHER. ASCERE A SRENEEIZE + BT 2 R
By, i TG I AR T HOR , 7E VRS B 480K 16. 700
OKEFRE 1+ 6) B, RWEFEH X F] 30 MPa, i
155 R IR R0 B T BRIz 16 TR T IR L 2 i B 4
ZE, FIUHTER T A ZRONEL I + V3R i R, YR ok
BEARENR.

b +pi M
Ao HEIKEG V., RKBRR; m, 5 E 1 5
;0. HIIHE IR R

®1 FRARERHDLBERUNE
Tab.1 Apparent viscosity for bentonite slurry at

a =

different concentrations MPa « s

K+ R A BRI 1 BARghEZ e+
1:5 40.0 13. 8
1:6 30.0 12.7
1:7 21.0 11.2
1:8 18.5 10.1
1:9 15.5 8.7

1:10 11.5 7.4

REWEARKBAN:, 3 TR R
Bk, EERBEWEN, h T AMWEB B
K Z T K T 5 B A SBURE H ) B K AR BEFE 43
POEIR B R, HIRB BB A BB .
i R £ 98 3 0 R A, by T 3 T K 3 B B
REVEF R 1 U 3 35 B2 T I 2 2 AR = Hh A i
BEXTIX B, B LA LK O SO R B IN R E 1. 1
SbFEIEF B OUT I, B - PR AR BERS 1 L 2 B
ZER L BTHFERUR. AR SO TE Rk BEJR 3 P N in 3
Y IREFNE R L 7R R R R A R A RE A Y
HIRH R TR RA. BEWMRES , A0k
RNEBE: (PAMD FIR B R 40 4 3 (CMO) B 58
BYRETH R IR
2.3 RBEE

T3 = P RN B RS AT 40 P A v
FEIRER. ANk 2 B, RS 3 2R AR e
SRR AR 38 A T L AR WO/ ET U
b I - G R A B 5 P BRI R T B A
R E IR ERAS. TERZIE LR K )5, T B HATR
FERER X YRS HEAT I REIEAN. ] 6 Sk B B A &



676 [A] B K 2 2 MH R B 2% B

F4T%

a PEREEL

b 3RV% B

o
c BeFE R T

B6 ZERRXREKE
Fig.6 Laboratory test devices

#*2 BEIXYRAEE
Tab.2 Soil conditioning test items

B H H TR BB &
ECESSE o R B DO SRR
PIEEIRE bk R SRR PHEBER
BHERE UM RNRE  ANEIERREIT
2.4 HWHE

(D B 7 RN R, BUZIE %K
EA G EFREG T D R 15%6.20%.25% , 6
T R R FRED R 10%.11%.12. 5%
14.3%.16. 7%, 3 18 40 ¥ 47 B P X 16 Fn 35 9% B
R

(2) BMPFTHIRK R , HIREG KRG A iR
A8, TIRD 43 BI3EB 3. 0% 5. 0%.7. 5%.10. 0%,
HRTEA L 10. 0% FF 4R , R IGINBE R 5%, 3
B W R R k.

(3) IR ARZIE £V 2 — A B B, Yo 3% vk B B
14. 3%, A LA AL 6 %.9% F1 12% , R HE A EL
M 10 Y0 FF 46 » BRI IEINEE By 5%, B + 0 3h M
JEER A IE.

D BiEHTREMREY — BB R, RFEEE
Ay HIE 10%.11%.12. 5% .14, 3%, HEA LR 20%65
LRI PAM B, SANVEEE A 0. 1% 9 PAM %,
S 3B 0. 2.0, 3.0. 4.0. 5 L; F#hn CMC
B, 43 SN 0. 1,0. 2,0. 3,0, 4 g.

3 HBERSH

3.1 BHLREMR

B 7a SR RE R 2K e BE B AR LR O TR B
SRUBIE A BB, Y8 H e B MR, 45 P R IR A8/
TEAZ 20000 250 B P L AR 22800 B 7
35T P BRIV B AR AR B TE AN 150 A
v Y8 e ik B ol WL RN T 338 ¥ JBE 34 AN 2 B
TFIEAZRR 2000 F0 25060 , Je 3K BE/N T 15040 Bt
3595 P TR 35 R P R SRR R, MR R Ak S R

I, S5 R T R, X R R R PR BB, R
SRR T Tk ah. K 8 FIEHK B R EHE T A&
FIYRIEATH 3 BlARAS , YR e L 5 vy B L35 T 3l 5 U
FWEBAR GEA BB, B LK R RS RAE
TR H 5 FR R PS40 P Fh 0 0 398 v JEE 24 A K
HEBEREARTRT KET/EEA—ER; R
A TEVRIE IR BEFNTE A SR VT L A8 v B0 B A S
HAH. LEE T IR MR E 14, 300 EARE 20%0
S B S I 1 - YR 3 e R )5 B L

236
gg;‘ I = 15%(1.35L)
<= ——20%(1.80 L)
*E 230+ ——25%(2.25 L)
3228 /
226§
2.24 i/‘/k/‘/‘/A
221

00 1112 13 14 15 16 17 18 19 20
TR R H/ %

a I - PRI BE S O R

250
200

—_
S W
S O

—=—15%(1.35 L)
50 | ——20%(1.80 L)
—4—25%(225L)

QO 11 12 13 14 15 16 I} lé Ib 20
RFIRES /%
b eI E SR B LR
B7 RRRESHEHERIBEEXRE(REYR)
Fig. 7

Y& BE/mm

Bentonite slurry concentration versus stirring

current and slump(bentonite slurry)

a KT

b ¥y PELT
E8 3MEiETREMRARS
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Fig.9 Foam injection rate versus stirring
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