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Experimental study on slurry mixing proportion in salt water by slurry shield
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Abstract: During the construction of underwater tunnels, the drilling of the shields has often need to be stopped to
check and repair the cutting tools under hyperbaric conditions. Moreover, methods of forming a high quality slurry
membrane in high permeability stratum for ensuring the stability of the excavation surface greatly restricts the safety
and progress of the project. In this paper, based on the cross-sea tunnel excavation project of Qingdao metro, de-
vices for the salt water slurry ratio and permeability membrane forming test was initially designed,independently de-
veloped, and fresh water slurry was established as the control group. Afterwards, the effect of the relative density
and viscosity of the slurry caused by different pulping materials, such as bentonite, carboxymethyl cellulose(CMC)
and sodium carbonate, on the filtration capacity of the slurry was studied by using the control variable method and
the factorial analysis method. The test results show that in the salt water slurry, with the increase of bentonite con-
tent, the relative density of the mud becomes larger. This can significantly reduce the water filtration of the slurry
membrane, and the increase of CMC content can improve the viscosity of the slurry, which makes it easier to form

the membrane. In this project, it is found that the preparation scheme with relative density of 1. 18 ~1. 23 g/cm®
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and the viscosity of 25~30 s can achieve strong membrane-forming effect.

Key words: slurry shield; salt water; slurry mixing proportion; high permeability; slurry membrane; water filtration
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Tab. 1 Main formation physical parameters of shield machine

BiE R/ KIREL/ PR TBURL 43 A7 BT o LA/ 2%
Skl (cm/s) (g/cm®) T/ =2 mm 2~0.25 mm  <(0.25 mm
WRA> 2X 107" 2.05 74 35.2 58.3 6.5
rpoHL D 3X10°? 1.86 59 20.7 63.8 15.5
i 4nwh 6Xx10"° 1.75 31 0 76.6 23.4
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Fig. 1 Test device for slurry infiltration and filter and membrane formation
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Tab. 2 Property parameters of test mud

ETRC & 1/ g CMC/g Na;COs/g W%/ (g/cm?) kB /s Je A/ %%
Bl 200 10 8 1.05 19.66 96
B2 225 10 8 1.07 20.28 96
B3 250 10 8 1.10 21.17 97
B4 300 10 8 1.15 25.46 100
B5 325 10 8 1.19 29.89 100
C1 250 0 8 1.05 19.93 96
C2 250 5 8 1.06 20.43 97
C3 250 10 8 1.10 21.17 97
C4 250 20 8 1.17 27.12 99
C5 250 30 8 1.21 40.83 100
DI 250 10 0 1.06 24.06 99
D2 250 10 1 1.07 22.32 99
D3 250 10 8 1.09 21.17 97
D4 250 10 16 1.15 19.38 95
D5 250 10 32 1.18 17.74 94
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Fig. 2 Slurrying material and mud properties
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Fig. 3 Effect of relative density of mud on water filtration
3.3 iR 3R HE X B X 7k B RO R I Ta A v O O Oo O
SRR B 97 6 D7 38— 5 2 ee 0O 57| m
o = () @]
53 L EE I i 4 L CMC A5 55 5 25 g 1 Lo ) 09 e
\A O o ‘.
(Na, CO; 3 & 3¢ % FE 52 i AR /N o 0A T ] 88‘ S% wipgy  EHHH
V) U8 2K A X% BE R e R g K R A 5 e PRt e
ML ] 3 AT B U SR AR R 2 R 1S - //" : BN
JRA FNR K U 7K AT 2 7 0/ 5 2% B
5 ek 3 2 41 ¥ A Y AR 0 I AR/ B4 RESEHENZREE
B IR K V8 2% L K U 3 D8 K 5 T /N L Y8 % Fig. 4 Slurry infiltration film-forming mechanism

RO N O i AN L E
TE A 1R R Ry SRR R 8 BE B 4R 2 A RO N T U SR RBURE 22 R 1 HE R g AT {88 U S ORL JC 1k 7 Hb 2 AL BR
AbEERDLTEIL PR . 7T LA 2GR AR XS 2 FEAE 1. 13~1. 18 g/cm® I Jf /K Y8 5 i i+ &5 45 %) F % B2
P18 B8 X U 7K A B R R T CMIC 55 St % 985 32 109 o5 /20 (8 8K o 2 0 LR PE B fb a3 . TR R T
1.18 g/cm’ B, Bl A5 i1 £ 5 it 1 CMC &5 5 (9 38 0 K RINIR 7K U8 J i D8 /K i b ks TP %2, R &
W YRS Ty TR R B L L K H B B B S e R K FEAIR
34 REFEIIEKENF N

e 1 780 B 2 Ve I T 1 AR A DA AR 1SR B AN I8 R K Ui 3R A S IR K UK L B A e K B 1 B



. 56 - b AHE KR FFIROE RHAF RO 2021 5% 3 #9

R UB KA ARIZ W08/ R R T 28 s I Ja /K 8 25 TR 7K U8 5 AT HL AT 5870 18 8 K 5 A0 A5 e ) SR A8 R
i 108 ol R A E K TR OB I IR B BEAR 5 R R Y B RS A A A S RE D L K R BT 2
LA R (FHEE<T26 ) 25 1F R IR /K YR 3K LU R/K U8 5 AE S DR TR i 8 1 DA T A7 488/ i B UK & (J 5 ()
CMC J&— Bl K mor A AW -l i SR 5 K 2 456 A PR SR BORE ) Pl 3 3l 1) 2 Ji) o DT 388 5 1A 2% 19 3
JE L R CMC 553 9 2038 51k 8 25 2 2 19728 A 36 T ROK AR K BAT FEALA SE IR (B 5 (b)) BRI T 22 s
i, B CMC & A 0 g K i 18 b, SRR T 25 s i, P K s el /b . Na, CO, A5 9 73 HH
AT LI 35 AR YR R W) 286 B2 S ) T DR SR AR 1) R AR R CUE & Y8 A By B L XS T R K A5 15 7K 8 3K 1Y g
KA F AR (B 50 SRR T 23 s B BRI 675 2 (19 2D Js Kk AR 7K U8 2K A 8 K ik 22 18 A1
HFBTRE.

140
[ 120F
120
.é 100? »é 100}
8o 1
S I |
2 o 4
[ 60F
40
20- L 1 1 1 L 1 1 1 L ] 40 2 L L L L —
15 20 25 30 35 40 16 18 20 22 24 26 28 30 32 16 18 20 22 24 26 28
I <HR s I <HR /s HER Al
(a)Z i L& BE W (b)ZCMCE B (¢)FNa,CO &M
Es5s RBRFENERAEZN
Fig. 5 Effect of mud viscosity on water filtration
4 g

BT U ARV T AL AE 15 15 33 YRR b )2 A 2ok AR e 208 A R L i R B B AR T AN [ A 3R
AL U 2R X052 R R AR R 118 78 A X ) HRE U K S 114 S e SR T L TR 3R I - 108 SR R BT 2 - B AR S T 1
HORBEL o0 1 ROK FREE N 52 ) Jfe 2% i o 2 0 R 3R 49 H DL R 4618

1) o5 AR 3 B S e 1 B A AR A R R 1 ORE B S I B K Y R R EUK TR K
AL T B K B T IS 6] X UK S e L TR R B E D R YR AR X # 1. 18~1. 23 g/cm’
I S I S5 R 5

2) YRR R W T R WUk 5K I GE A FREE . CMC ] DL4R 2 Ve AR 2 0 35 5, Je 38 36 1 L T8 3 Bk
KIS A 158 R AT — B B b )2 AL Bt AT DAAR G i B 1k K R 2E — 200803 L I B 4S5 T i HL B 7K 370N
FERNVE KR BEAE 25~30 s o4y A DLARAT B4 1 B B A0CR 5

3) FE SR AR N A, AT UAR 98 H SRR 0 % BE %) R As 9 1 B2 o A& L JF i 5 CMC i Na, CO, 1y ]
SR YRR B B AT AE A2 TH B BT B A i U B Y A T A RS A DA DR R IR — AR
JE AR IRES AR A B 4,

S 3Lk

(1] XK A H K TR TRBAR L[] 8 #9%,2009,29(2) :145-151.
YANG Wenwu.Development of underwater shield-bored tunnels[J]. Tunnel Construction,2009,29(2):145-151.

(2]t E A Fh =%t imil il T4 KL 5A47[J] %8 & 5% 2013.33(3):147-150.
ZHANG Shilong. Analysis on technical difficulties in construction of Yangtze river-crossing tunnel on Weisan Road in Nan-
jing[J].Tunnel Construction,2013,33(3):147-150.

(315046 %5 ix A 2 I B e RAR H S5 R R[] i 8 4 9% ,2013,33(5) : 337-342.

SUN Jun. Study on technological advantages and problems in construction of tunnels crossing rivers and seas[ ] ]. Tunnel



X WSS BRI T YK S B U8 3K E HE i I B Y « 57

Construction, 2013,33(5) :337-342.

(413438 WMAB AR . FHRRKRIBEIREISHAXBBRELE[] .22 0% 5 TR%F R 2012,31(10):2154-
2160.

GUO Xinjun, MIN Fanlu,ZHONG Xiaochun,et al. Summaries of key technologies and difficulties in Nanjing Yangtze river
tunnel project[J].Chinese Journal of Rock Mechanics and Engineering,2012,31(10) :2154-2160.

(5130 &A% R4, 2R RS 2 KA T B 71 S A7 Hets SR [ il 9%, 2012,32(3) :413-420,

SUN Shanhui, CHEN Kui, WANG Zhenfei. Technology for welding repair of cutter heads of shield machine under com-
pressed air[J]. Tunnel Construction,2012,32(3) :413-420.

(61 E 4%, B & My Fo 20 2 AL 1S HOR ILIK LA 209 PR & R e o4 ()] 18 38 4 3%,2014,34(3) :179-187.

WANG Mengshu. Tunneling by TBM/shield in China: State-of art,problems and proposals[J]. Tunnel Construction,2014,34
(3):179-187.

[7]FRITZ P. Additives for slurry shields in highly permeable soils[J].Rock Mechanics and Rock Engineering,2007,40(1):81.

[8]WATANABE T,YAMAZAKI H.Giant size slurry shield is a success in Tokyo[ J |. Tunnels and Tunnelling,1981,13(1) ;13-
17.

(9B JUE  th #0k AL DT . 5. K AL A2 TR K JE M R B 3 2 I S B ) R B X 3 A 1 [T ] LR B 38 45 R ,2015,52(6) :141-146.
MIN Fanlu, XU Jingbo,DU Jiarui, et al. Experimental study on the slurry preparation and filter cake formation for a large-di-
ameter slurry shield gravel and sand stratum[ ] ].Modern Tunnelling Technology,2015,52(6) :141-146.

[101R LB s A4, 2 ARAB S R AR B M RIS s i T3 @3 ESLE TR R[] ] 8 £ T 4R ,2013,35(4):722-727.
MIN Fanlu,ZHU Wei, WEI Daiwei, et al.Change of pore water pressure in soil as filter cakes formed on excavation face in
slurry shield[J].Chinese Journal of Geotechnical Engineering,2013,35(4):722-727.

C11] % b BIR A B2 M 2 B R KB MRS A B X B[] ). 8 B 3 5 T/ 5 4R,2015,3403% 1):3460-3467.

WU Di,ZHOU Shunhua, WEN Xin.Sandy soil slurry shield is mud film-forming performance test[J].Chinese Journal of
Rock Mechanics and Engineering.2015,34(S1) :3460-3467.

C12]50) ks A DT 1s o & B B0tk b B SUIR 5 A xR AR JE M R R I #vm [J .8 £ TR 4R.2017,39(11) :2002-2008.

LIU Cheng, TANG Xinyi,GAO Yufeng.Influence of pore characteristics of sand strata on filter-cake formation under slu-
rry shield[J].Chinese Journal of Rock Mechanics and Engineering,2017,39(11) :2002-2008.

(131 %M kAR B JUSE . R K B M T A Bk 6 JEJBE PR ALk Al & M 7 sk [T T2 M 5 TAZ 42 4R ,2014,10(3) :504-509.
JIANG Teng,ZHU Wei, MIN Fanlu,et al. Airproof capability and modification of the filter cake in slurry shield[ J].Chinese
Journal of Underground Space and Engineering,2014,10(3) :504-509.

(1418 #2303 MR 5% . F KRR T AR R AR B AT 0[] 38 2 3% (F 3£ 0),2019.39(2) :211-218,

LYU Qiangian, SUN Zhenchuan, YANG Zhenxing, et al. Experimental study of shield slurry property under seawater envi-
ronment| J |. Tunnel Construction,2019,39(2).:211-218.

[15JALEM A,ELKAWAFI A,AHFIR N D,et al.Filtration of kaolinite particles in a saturated porous medium: Hydrodynamic
effects[ J]. Hydrogeology Journal,2013,21(3) :573-586.

[16])shmezh, A . 3 R4, F. REBRASRAREMFTIE@REYS LR EH @[]]. 815 %5,2008,29(3 1):288-292.

HAN Xiaorui,ZHU Wei, LIU Quanwei,et al.Influence of slurry property on filter-cake quality on working face of slurry
shield[ J ].Rock and Mechanics,2008,29(S1) :288-292.

(17030 &, 04 - R BEH R B R E X o m Ao ABA KA []]. 8 £ T4 % ,2014,36(3) :435-442.

LIU Cheng,SUN Jun, YANG Ping, et al. Mesoscopic analysis and model test on formation process and state division of
slurry membrane[ J ].Chinese Journal of Geotechnical Engineering,2014,36(3) :435-442.

CIS AR W, B LS ok B % . 3 AR RN Fo 4 T IR K B MR 3 B IR R T A X B A S0 ()], 1 38 s 3 (P 3€ 1), 2018,38(7) ¢
1182-1188.

DU Jiarui, MIN Fanlu, YAO Zhanhu,et al. Experimental study of property change of slurry and filter cake of slurry shield
under seawater intrusion[ J |. Tunnel Construction,2018,38(7):1182-1188.

(FTHERH.BEHR)



