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Optimization of Mud Ratio and Friction Reduction Effect of

Long-distance Rock Pipe Jacking Analysis

WANG Xu, LI Chao”, LIU Yu, ZHAO Qian-jun
(College of Civil Engineering, Guizhou University, Guiyang 550025, China)

[ Abstract |

jacking force and the arrangement of the intermediate jacking station, and the selection of a good bentonite mud is a key factor in con-

In ultra-long-distance rock micro-shield pipe jacking, pipe wall friction is a key factor in determining the size of the

trolling the pipe wall friction. In order to give full play to the polymer bentonite mud in the pipe jacking construction process of lubrica-
tion and support, the Chongging Guanjingkou water conservancy hub project was used as the basis, through orthogonal tests and indoor
straight shear test method on the basis of different types of bentonite mud ratio optimization, based on the performance parameters of the
slurry, as well as the friction reduction mechanism to derive the optimal type of mud and its ratio. The results show these as follow. So-
dium bentonite mud is the optimal type of mud, the ratio of bentonite to water is 14% , guar gum is 0. 20% , soda ash is 0. 40% , CMC
( carboxymethyl cellulose) is 0.40% , PAM( polyacrylamide) is 0. 10% , and its friction reduction effect is obvious, it can make the
friction coefficient between concrete and gray rock reduced by 35% , which makes the friction between the pipe and the rock greatly re-
duced in the process of pipe jacking in the rock.

[ Keywords] polymer; bentonite slurry; straight shear test; friction coefficient
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Bl LM g 92 bR TR M 222 W R it T 0 22 4
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Table 1 Parameters of the six-speed rotameter

B/ (romin ") 3 6 100 200 300 600
WYI#Z%/ (r'min~') 5 10 170 340 511 1022

VTR S O ) R | N WS

600
0.511 x 300
= (2)
511

A H1.600 r/min 5 300 r/min 7S EHERH RS
n RTPETE Rk AT R L, Pass”
2.3 AWEHEE

R £ 5 7K i) B & L AR SE PR TRE R B BE L A%
AT, 535452 E B G L R + e A Bt E HE
} 10% 247, 1 Deng %517 38 13 % P B 95 305645 11
M LG T 20% B R A YR I RO R A
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Table 2 Pure bentonite slurry ratio
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Fig. 1

Performance parameters of various types of bentonite slurries
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compact mud cake and filtration loss
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Table 3 Polymer bentonite slurry performance indicators

Ei=821 % TERE
NS 30 mL/min EHESE R
Mk FrE ] 24 h 0%

W FE I E 24 h 1.05 ~1. 16 g/cm;

pH EAE 8 ~10

3.1 ERREIEIT

TEASR I R — Bl R S B vk A
38 FF0F 5T 224 R RIS [) K SF- %o 552 56 245 SR 1
R, AR B R R TR A H B 5 2 50K B AR 1R 38 3t
g B TUR S .CMC  PAM B8 0 & ik i 4 A4~
HEBANHEERE 5 DK A RIRB R e
WA E S, B O SRR T Y 3 R R
HAr,C o CMC s HIRK BN AE s, D
o PAM Stk o e SR Y o B IRE 283k 125
HIRTPUE I OBt 25 Y, IEAZ RN 4 R,

P T 35 i 2 v e 2R 4 B B R B R TS
B S i R SN 7w [ AN RN | Bl o G IR i
TEOHEAT A, T ITOULEAE 0. 30% B 3% i 4= XL
FHEEIR BT 220, 4B T VA R 1) T REbRifE
HmEFRECH 0. 211, i ah Mk 22, TCIE/E L 2
% R R R S I 8 3 1E 58 % I LI &5
TR, IEACRANE 5 FiR .,

x4 BHELTRFEILESZR

Table 4 Orthogonal table of bentonite slurry ratios

KA =
A/ % B/% C/% D/ %
0.10 0.10 0.10 0.05
0.20 0.20 0.20 0.10
fgE R AL 0.30 0.30 0.30 0.15
0. 40 0. 40 0. 40 0.20
0. 50 0.50 0.50 0.25
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Table 5 Orthogonal table of sodium bentonite slurry ratios

KR .
A% B/% C/% D/%
0. 05 0.10 0. 10 0.05
. 0. 10 0.20 0.20 0. 10

Al

. 0. 15 0.30 0. 30 0.15
0.20 0. 40 0. 40 0.20
0.25 0. 50 0. 50 0.25

3.2 EXREERDHT

%6 K7 AN IR I IE IR 5 1Y 45
J R B Mk 24T 0 0, TH 45 A e 2K 1 g
SR B E A 2 | 38 3 K25 A e 2K 1 RE S 4L
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iz e T L ) 5 B R O R A B B 5
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Fig. 3 Effect of each factor on the thickness of

calcium bentonite cake
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Table 6 Table of orthogonal results for calcium bentonite slurry

W MERY Hikss TNV RO/

R A% B/% C/% D% pH MR RWFE, WMEENE/
I (g-em ™) (mPa-s) (mPa-s)
1 0.10 0.10 0.10 0.05 9 1.08 11.5 8
2 0.10 0.20 0.30 0.20 9 1.08 22.0 13
3 0.10 0.30 0.50 0.10 9 1.08 29.5 19
4 0.10 0.40 0.20 0.25 9 1.08 18.5 11
5 0.10 0.50 0.40 0.15 10 1.08 22.5 14
6 0.20 0.10 0.50 0.20 10 1.09 25.0 17
7 0.20 0.20 0.20 0.10 10 1.09 24.0 12
8 0.20 0.30 0.40 0.25 10 1.09 27.5 17
9 0.20 0.40 0.10 0.15 10 1.09 19.0 10
10  0.20 0.50 0.30 0.05 10 1.10 23.5 14
11 0.30 0.10 0.40 0.10 10 1.09 28.0 18
12 0.30 0.20 0.10 0.25 10 1.10 21.0 13
13 0.30 0.30 0.30 0.15 10 1.10 27.5 16
14 0.30 0.40 0.50 0.05 10 1.10 37.5 21
15 0.30 0.50 0.20 0.20 10 1.11 22.0 14
16 0.40 0.10 0.30 0.25 10 1.11 22.0 14
17 0.40 0.20 0.50 0.15 10 1.11 35.0 21
18 0.40 0.30 0.20 0.05 10 1.11 34.0 20
19 0.40 0.40 0.40 0.20 10 1.11 27.0 15
20 0.40 0.50 0.10 0.10 10 1.11 21.5 9
21 0.50 0.10 0.20 0.15 10 1.11 21.0 13
22 0.50 0.20 0.40 0.05 10 1.12 38.0 21
23 0.50 0.30 0.10 0.20 10 1.12 24.0 14
24 0.50 0.40 0.30 0.10 10 1.12 34.0 28
25 0.50 0.50 0.50 0.25 10 1.12 38.5 22

eI (Pa-s" % [mL- (30 min) =] mm
0.617 0. 164 2.0 3 2.0
0. 505 0. 679 0.5 0 1.0
0. 560 0. 620 0.3 0 1.0
0. 509 0. 557 1.1 0 1.0
0.537 0. 555 0.1 0 1.5
0.599 0. 402 0.1 0 1.0
0.415 1.384 0 0 0.5
0.533 0. 699 0 0 2.0
0. 440 0.918 0 0 1.0
0.510 0.701 0 0 2.0
0. 559 0.59%4 0 0 2.0
0.534 0.530 0 0 1.5
0. 496 0. 906 0 0 1.0
0.474 1. 439 0 0 2.0
0.552 0.490 0 0 2.0
0.552 0. 490 0 0 1.5
0.514 1.013 0 0 2.0
0.502 1. 070 0 0 2.0
0. 469 1. 068 0 0 1.5
0.339 2.103 0 0 2.0
0.534 0. 530 0 0 2.0
0. 466 1.534 0 0 2.0
0.497 0.782 0 0 1.5
0. 443 1. 609 0 0 1.5
0. 485 1. 364 0 0 2.0
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Table 7 Table of orthogonal results for sodium bentonite slurry
¥ % BI% /% D% p W RWMFRE, MR oﬁl‘ft WEEREY kR, =4 TeVFIE R/
s (grem™®) (mPa-s) (mPa-s) EiR i (Pa-s") % [mL- (30 min) ~'] mm
1 0.05 0.10 0.10 0.05 10 1.06 26.0 19 0. 656 0.283 0 0 1.0
2 0.05 0.20 0.30 0.20 10 1.07 30.0 20 0. 585 0.533 0 0 1.5
3 0.05 0.30 0.50 0.10 10 1.06 41.0 26 0. 550 0.927 0 0 1.5
4 0.05 0.40 0.20 0.25 10 1.07 17.0 12 0.628 0.224 0 0 2.0
5 0.05 0.50 0.40 0.15 10 1.07 28.5 19 0. 585 0.507 0 0 2.0
6 0.10 0.10 0.50 0.20 10 1.07 63.5 35 0. 465 2.589 0 0 1.5
7 0.10 0.20 0.20 0.10 10 1.07 43.5 26 0.512 1. 280 0 0 2.0
8 0.10 0.30 0.40 0.25 10 1.07 45.5 37 0.752 0.253 0 0 1.5
9 0.10 0.40 0.10 0.15 10 1.08 23.0 16 0.616 0.328 0 0 2.0
10 0.10 0.50 0.30 0.05 10 1.08 34.5 21 0.523 0.939 0 0 2.0
11 0.15 0.10 0.40 0.10 10 1.08 88.0 43 0. 404 5.474 0 0 2.5
12 0.15 0.20 0.10 0.25 10 1.08 44.0 34 0.704 0.342 0 0 2.0
13 0.15 0.30 0.30 0.15 10 1.08 52.0 29 0.471 2.027 0 0 2.0
14 0.15 0.40 0.50 0.05 10 1.08 68.5 32 0.384 4.906 0 0 1.5
15 0.15 0.50 0.20 0.20 10 1.08 33.5 19 0. 481 1.223 0 0 1.5
16 0.20 0.10 0.30 0.25 10 1.08 82.0 35 0. 346 7.613 0 0 2.0
17 0.20 0.20 0.50 0.15 10 1.09 109.0 48 0. 359 9.283 0 0 2.5
18 0.20 0.30 0.20 0.05 10 1.09 65.5 29 0. 361 5.494 0 0 2.5
19 0.20 0.40 0.40 0.20 10 1.09 77.0 31 0.324 8.329 0 0 2.0
20 0.20 0.50 0.10 0.10 10 1.09 42.5 20 0.387 2.977 0 0 2.0
21 0.25 0.10 0.20 0.15 10 1.09 83.0 35 0.341 7.961 0 0 2.0
22 0.25 0.20 0.40 0.05 10 1.09 117.5 51 0.353 10.419 0 0 2.5
23 0.25 0.30 0.10 0.20 10 1.09 65.0 25 0.308 7.683 0 0 2.5
24 0.25 0.40 0.30 0.10 10 1.09 80.5 31 0.308 9.709 0 0 2.0
25 0.25 0.50 0.50 0.25 10 1.09 73.5 32 0.354 6. 463 0 0 2.0
*8 STSEWELRREHEELSH 227
Table 8 Analysis of filter cake thickness of -l
calcium bentonite slurry '
AT JE D B E Dy, /mm _20r )
(5ES A A £
1 2 3 4 5 R =/ 197 d
A .3 1.3 1.7 1.8 1.8 0.5 ;% \v
B 1.7 1.4 15 1.4 1.9 0.5 A4BS ﬁg 18y
C 1.6 1.5 1.4 1.8 1.6 0.4 C4D1 17k
D 2.0 1.4 1.5 1.4 1.6 0.6
1.6F
(9 EFHFELG T, PR 2l Ry 7 Bk 0. 40% o SSn8K SE5ST SReSE 85284
S OO OO S oo oo SO OO oSoOoOoO
J& ,CMC F1 PAM 3 Y8 D J58 B 19 728 4 52 i sl R 2 BHA/%  BWRB/%  HEKC/%  HRD/%

FATERE T CMC F &4 0.30% Fil PAM % & H
0. 15% B, Ve PHEEE N 1. 9 mm, I HARFAEX a5
TR AR 3 AE SR TRE i e PR RE R |

WK 4 Jrs  BEE TROLIE & & 3 m , e DR
BRI A, SLK R & w ik 2] 0. 20%
B, YRR 3k B i KA, 2 )5 db 2k 38 i LIS &%
AN S B U, X R BN L R 7E
0.20% WM&~ WK MERE R AR, A B TR ik e
TS B 8 F Al el 0T 7k 366 U1 3 5L A 25 i |9 40 1
YEH ., BE 200 & & 035, Ve DF 5 B 2 Wi/
1E0.20% ~0. 40% B 4lms & & JaFE A, 2im Kk 1k

P4 2 PREO0 AR 1 b YRI5 E A5 i RCR
Fig. 4 Effect of each factor on the thickness of

sodium bentonite cake

YERE R 35, T BUBCH B DR IE i, SR, 24 4l
Bl A LT 0. 40% B, K E TR, RUHEE
FEERYE IR A XS R

CMC 1 PAM B 7SO e 9 I8 B 1% 22 Ak 52 e 458
AN RIS O KRB AT AR A6 A2 Sk
SEAE R RZ e, 5 2l i AR A SR AL, DRk,
WAL T BT AE A SR AR BN I b i), B CMC
SN 0.40% F1 PAM S 5-4 0. 10% .

ML . www. stae. com. cn



2025,25(3)

T, 25 K A TRAS YR S D A B st 3k SR 43 b 1241

S 7 L o /e ol e AU = 7 N ol =
A4B5CADL , f 3L R + () f L BC LA A4B2C4D2
FANMIACR g8 08 iR RE, iRk
PR LI A — sk B, WIS E T, S 2 i -
5K B, A H RS O A b R e R YR K Y B
PEmC L

x9 MEWELRREHEELSN
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thickness analysis
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Fig. 5 Variation of fluidity index of calcium bentonite
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