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Optimization of bentonite parameters for shield tunneling based on response

XU Zheng-jie, GUO Xiao-yang

(Shanghai Tunnel Engineering Co., Ltd., Shanghai 200032, China)

Abstract: In order to determine the optimal parameters of bentonite improvement in the strongly weathered granite strata in

Jinniu Mountain-Gongye Road shield interval of Fuzhou metro line 4, the concentration and mixing ratio of bentonite slurry

and advancing speed of shield are selected as the three factors, and the slump, permeability and improvement cost of soils are

taken as the response values. The central composite design (CCD) method is used to carry out 20 groups of tests, and the

response surface functions of each response value are constructed respectively. The results show the concentration and mixing

ratio of bentonite slurry and advancing speed of shield all have great influences on the improvement effect of soils, and there is
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a significant interaction among these factors. By using the response surface-satisfaction function, the optimization problem of
three response values for soil improvement is transformed into that of a single response value, and the optimal improvement
parameters of the strongly weathered granite strata under different advancing speeds of shield tunneling are obtained. The

proposed method is scientific and reasonable, which provides a technical guarantee for the efficient construction of Jinniu
Mountain-Gongye Road shield interval in the strongly weathered granite strata.
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Fig. 1 Grain-size distribution curve
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Table 1 Basic properties of bentonite
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Fig. 3 Schematic diagram of earth chamber of shield machine
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Fig. 4 Similar model for EPB shield chamber
EVER AL S0 E-3 3 St P S e s N4 Y DA
FEIg IS e, ¥ - IR LHE AT 10 ) S A Mt =

&l AR

aolr (1)
v

K n R HEN A8 BB e S ML HE A 1R
IR R 1 RE ML LMK (em): r AT]
FEFEH (rad/mind; v NHERFEE (c/mind. 456
TRERISERRE L, JEHL LA KN 100 cm, HESE
FEH JIR T N 1.2 rad/min. FHEC (1) 15 3 HESEE &
(em/min) FEMFFEREEL (rad) [SEPRK R

a=120 )

v
H T I ke DAGEE X 2 ke EL AR ], S
630 5 A R - B A BSR4 ) B A B AU A L HE
BEEE A
B 5 9 L SRR AR [ 250 R S 80N BAUANF



196 s + I B % #® 2021 4F
P ) P S R 0K HRN 204 m, AN (5) BR)BE RN

5 BRIRITEL
Fig. 5 Comparison of improvement effect
AR, BHEEE AL, BRI, Bt
SRR A, E LR A TR
R, o RACRE I Z BB Mk w1,
PRI I RACRIEE R R —.

2.3 MNTERIFNIERR
TG R T& FEANS I8 R EE e AR & . R
P v S5 7 PSR 0 5 8 L () 3 7% P AL - AR 4% Budach 5510
IR, LR ELE 100~200 mm AN E . BT
MREELCARR TR, #Sukh (LT
FRE: SL237—1999) e (A8 /K SkiB i i 56 V200 5
B LB E R RIEBR R T2 T E A 2K E AN
17°CHIE T H1B%E 25

- 2.3al 8 1g£ 3

AAt h,

X K KRN 17 CHRARFERII5IE R AL (en/s);
2.3 4 In Ml Ig (AR EL: a 978 7KEKAE (1) W i AR
Cem?); [ NARFERE (em); 4 AR (cm?);
At ISR K Sk R G B 28 BRI BE ()5 g AT by MR
EAZE KL (em). HITSRRIE A P A S &
W, JJRVIHE R A KE G, KR
ETRE, R (O ¥ K #4008 40°CIFIBE %
B Kao:

Ky =Ky Ty

40 (4)

K, iz nao A 1T CHL 40°CHIIK BN 15 i R AL
(KPa's), Kao N/KIL 40 CHIAFE172IE REL
NFERIBER AR A, REEFPHERS R T
FRBiE Z I RIL
K= 0L 4, - 0L, 4, (5)
AIAQ(HI _H2)
A Hyy Ho 53 AT O AR s L
Kk O NIRNERUANLL OALZRE: L, LaorwlN
TR TERANACEE: A1, A2 7398 LA RS &
AN A K A I S R TR IR
TEEENLH KN 0, BKEN 0.3 em’s, FFHZ

I SHE 1gk=—4.45, (HlH T T TREAE &M, 7TeL
IR L BFE RBUET 10495~ 10 % cny/s I 7577217

CGITN
2.4 RLEARBIBTSHBER

WHUBE R IIKE (my/ma)~ B (W V)
FERINUAERE . 3 N0 PR 2 i L R A
%, L=RZ KT (-1.682, ~1.000, 0, 1.000, 1.682)
Py E AR IR L HRRR, TR 45 RILS AR 2 H.
AFE 7 B AR VE A 8~231 mm, 1gKa0 22400
N-4.57~-5.64. %45 R0 T A 0 R T

SHRE .
*2 FLEAREERE
Table 2 Results of central composite tests
e wE B F g g
1 5 15 3.5 35 4383
2 8 8 2.5 8 511
3 5 15 1.5 113 -4.89
4 11 35 1.5 140  -5.64
5 8 25 2.5 122 -4.98
6 11 15 1.5 56 541
7 5 35 1.5 231 —4.68
8 5 35 3.5 201 -4.72
9 8 25 42 153 -4.60
10 8 25 2.5 147  -4.96
11 3 25 2.5 183  —4.57
12 8 25 2.5 151 -4.93
13 8 42 2.5 191 -5.17
14 13 25 2.5 106  -5.42
15 8 25 2.5 138 -5.04
16 11 15 3.5 30 514
17 25 0.8 171 -5.01
18 25 2.5 147 -5.00
19 11 35 3.5 155 -5.39
20 8 25 2.5 141 -4.98
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Table 3 Analysis of variance of regression model

o g 7 AF A5 SRR FIT AN Y7 F1H P1E HiE
T 64180.16 9168.59 52.78 <0.0001 B
X 7894.86 7894.86 45.45 <0.0001
X2 47051.44 47051.44 270.88 <0.0001
X 1629.43 1629.43 9.38 0.0098
Yi Xi X 709.08 709.08 4.08 0.0662
Xi X 1178.79 1178.79 6.79 0.0230
XX 965.22 965.22 5.56 0.0362
X’ 4751.34 4751.34 27.35 0.0002
0I5 1516.83 216.69 1.91 0.2472 NGE
T 1.28 0.21 27.00 <0.0001 B
X 1.06 1.06 134.01 <0.0001
X2 0.01 0.01 1.12 0.3102
Vi X 0.02 0.02 2.08 0.1733
Xi X 0.06 0.06 8.11 0.0137
Xi X 0.03 0.03 4.13 0.0631
X’ 0.10 0.10 12.55 0.0036
JAT 0.10 0.01 7.76 0.0186 NTE
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Table 5 Optimal parameters of bentonite improvement

i gz e gz e BT

/(cmmin ") K% BN % [ONE
1.5 7.8 23.7 0.718
2.0 7.8 24.9 0.702
2.5 7.6 25.5 0.678
3.0 8.0 27.0 0.649
3.5 7.8 27.6 0.610
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