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Experimental study on the mix ratio of anti-friction slurry in large-section
pipe jacking engineering
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(1.School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
2.Fujian Provincial Key Laboratory in Universities of Underground Engineering, Fuzhou 350118, China)

Abstract; The slurry performance tests were carried out by designing anti-friction slurries with different mix
ratios, and the effects of bentonite and poly-acrylamide on slurry performance were obtained. Then, combined
with the large section rectangular pipe jacking project at the intersection of an urban main road, the optimiza-
tion of slurry mix ratio and the model tests of their anti-friction effects were carried out, and the optimum mix
ratio suitable for the soil layer characteristics of the site was obtained. Test results show that injecting anti-fric-
tion slurry with an optimized mix ratio into saturated soft soil can reduce the friction by about 44.3% , and in-
jecting it into saturated sand can reduce the friction by 36.9%. The research results will provide theoretical ba-
sis and reference for future large-section pipe jacking engineering.
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Fig.3 Determination of water loss and film

thickness of slurry
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Fig.4 Determination of slurry syneresis rate
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Tab.1 Properties of pure bentonite slurry with

different mixing ratios

B wy/ TR RE JoKE, RRIRE, HikER/

F5 % 0.1s mL mm %
1 4 38 21.3 1.5 1
2 6 74 16.8 1.5 0.1
3 8 464 14.8 1.2 0
4 10 2 145 13 0.9 0
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Fig.5 Effects of bentonite content on slurry performance
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Tab.2 Slurry performance under different mixing ratios
R wipr/ wempmpn/ B KoKE/ TR HrkE/
F9 % % JE/0.1s wmL  E/mm %

1 4 0.00 38 2130 1.50  1.00
2 4 0.01 40 21.80  1.00 19.00
3 4 0.05 105 1580 0.90  5.00
4 4 0.10 1870 1520 050  3.90
5 4 0.15 305 1420 045  0.10
6 6 0.00 74 16.80  1.50  0.15
7 6 0.01 76 21.50  0.90 10.00
8 6 0.05 84 1520 0.60  2.00
9 6 0.10 310 1250 0.50  0.10
10 6 0.15 529 11.50  0.45  0.00
11 8 0.00 464 1480 120 0.00
12 8 0.01 325 16.50  1.00  0.05
13 8 0.05 574 1250 0.90  0.00
14 8 0.10 806 10.50  0.70  0.00
15 8 0.15 1614 9.00  0.50  0.00
16 10 0.00 2145 13.00 090  0.00
17 10 0.01 1850 13.50  0.85  0.00
18 10 0.05  J%# 1150 0.50  0.00
19 10 0.10 J##E  9.20 045 0.00
20 10 0.15 i##  8.60 040  0.00
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5 EA TV ] BE R 67 A
AR W T RIS SE PRt T T 00, (e
NG RBEAT G I2PR TRE, MOAT LSS0 22 1
P IR T AR5 BE A KA LA BSR4 55
3.2 REAHE

SR FHECE TV It T 3037 ) i e v 4 64718

55, BRI 5 U U 114 4 fk AL T 2 K 50
FAHR 500 A A Ak A T EE A

XTI IR, B R AU, R0k
AN UBBE e K — RN T B R AR (R S b it
KA R IR I S K R, BCELR TR SR RE S I
B KA B8 Bz, i LB SR P  f JKk ENY
EAE VAR H SR FH I -5 K e i A 4 s v Ui
REmT 2ok, AR b — 1 &S 2K EC A e R I
ST ARSI e K A 2 A e XK
FFETEIR I i S 2R B X 2 A&
F 2l e HEA TS, X 2 AR ek b
25 W43 I ) A

(DR — it - K=1:11.5

()RR — Wit : K=1:9

D+ ZE I T K IR R R+ p
TEAMRIR T 2A R R, (R A B
BVE RIS - BE ORI AR U 2%, iR 2L 3 2L
ARG Al AR ol U S A R AR BE IR
R ABOEEDIZILBR 256 TR SR LA AT
— ARV B A et R 5, 7P P R
(A JBUEE Je 3K MR = B 5 R 8% W 2l it + U %
DL AR P 3k A e mt im0 R 05
PR i PL A e 3% e v ok FH A U8 K 1) 4% 1 43
LA R

(DB — it : K=1:11.5

() AR — i+« RV - K=
1:0.006 25 : 11.494

() LR — i+ - RINImEBER : K=
1:0.0125 : 11.487

() PR = i+ - RV - K=
1:0.018 8 : 11.482
3.3 ieidiE

(1) 2% [ 2 i o e B 5, % i T3 3%
IR (] () 9 U A = AT XU 08 U Pl e
PRI p, OF HLAE AR 350K | 2 S R
24 h HILEZE nE 8 PR,

(2) B BM SR 73 48 A0 e B4 %
GFIe kAN AR ZERD AT i is 2l (&l 9 BT
) [ e 2 S I T s B, 4R ) Ha
TR JE 2 2 I )3T s 5k, B e 5 24
M 55400 4 22 [ 1) R 52 2R 80

) ED L FRAFA—ZEE R 3 mm A
[FfC A L YEE, aniEl 10 Fis , EZ A% 2) , 15



553 3]

PR A R TOUE TR R P e A LSS S 5 217

(8. W

(b) W+ +HE

(a) WJELFE

8 HWAEFHHLETEE

Fig.8 Schematic diagram of the soil in the model box

9 FTiRFEMANE L E5MIREERENE
Fig.9 Determination of friction coefficient between sand

and steel plate without slurry action

Fig.10 Determination of friction coefficients between

sand and steel plate under the action of slurries

with different mix ratios
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Tab.3 Friction coefficients between sludge and steel plate

under different working conditions

R oy - FEIE L

L SEH41E
Fe w0 FH 2 HE3AH

1 A 0.38 0.45 0.48 0.436
2 1:11.5 0.26 0.24 0.29 0.263
3 1:9 0.18 0.2 0.2 0.193
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Tab.4 Friction coefficients between sand and steel

plate under different working conditions

ity Wig . * R R AL Yy
P9 wypgmm P w14l W24l 34l H
1 RER 0.25 0.26  0.28 0.263

2 1:0:11.5 0.2 0.24 0.24 0.226
3 1:0.00625: 11.494 0.09 0.08 0.12  0.097
4 1:0.0125:11.487 0.098 0.1 0.13  0.109
5 1:0.0188:11.482 0.17 0.16 0.19 0.173
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