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Study on pre-grouting of tunnel considering time and

space effect of viscosity of cement-water glass slurry

ZHA Lijuan', MA Zhiyong*
(1. Department of Engineering Management, Henan Technical College of Construction, Zhengzhou 450001, China;
2. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: As a typical quick setting grout, the cement-sodium silicate mixed grout has been widely used in the
advance grouting construction of the tunnel. But at present, there are few studies on the mechanism of the
permeation and diffusion of the mixed grout, and the determination of the key construction parameters such as the
grouting pressure, the grout diffusion radius and the grout amount is mostly based on experience. In this paper, in
consideration of cement-sodium silicate mixed grout as Bingham fluid with time-dependent behavior of viscosity, the
rheological equation based on mixed grout, and also the viscosity time-dependency and viscosity space effect of
mixed grout, the expression representing the relationship between the viscosity growth time T, and the grout
diffusion radius / is derived. According to this relation expression and by means of the equilibrium equation and the
theory of uniform capillary group, the theoretical formula for calculating the diffusion radius /, and grout pressure P
of column penetration grouting considering the viscosity space-time effect of mixed grout are derived, and the
determination method of relevant parameters in the formula and the application scope of the formula are also ana-
lyzed.

Key words: C-S mixed grout; space-time effect of viscosity; penetration grouting; Bingham fluid; uniform capillary

group

UTAER, Rl A e i T B T ST G P 4 B A
So SR T L Bk AR R MR R e, BTk R
HEEFRUE TR HUZ W2 BT R KR E AR
TSRS DL ARG 21 Hop Bk A 45 )
BAERHRER T E D, EHE RN B AR
I RE A LA B Y 4 o AR b Bk 4 o e

KR E. 2020-12-25

EMFBEAE: 2021-07-05

AN B H BT K 22 SR FH A i 2R AX) 05 20T JE i i =
BEATHONM , DU R R B b ORUERE 2 T ) 224

W A T T 9 A S8 K B T R 2 1 T )
WA N T TRHT 7 B L e, DL 2 B 5t
MG ENE, FEARHBEN, T s R i &R
BTN DX, AR5 A8 H T A AT IR 50 T PR A

ESTE A RHE T H G 4 RS 95 Y xS E) 0 H 4 148)
E—fEE. EWH(1982—), &, Bk, T, WETRLH . TREMAERFL. Email chalijuani50001@163. com
BEEEE: DEA970-), B, Bit, WETRMH . TEEMESEMI. Email chaliuani50001@163. com



5 4 39 BENIE, SF IR R AR IR AU R N 2 2 1 B G T S Y 595

ke HUR, B GE AR R R B B R 7 A
EPWER . o3& BUE A P17 5 50 IE W T %
=R FR BRI E B PR TR RS
T BRI, WY BT 0. T, BE.
JEHAMBERPURIEA . W, HRIERWEAESN R
FR B3 A2 4, ORI LR 2% 3 3 20 S A 0 1
T DU A R R AL ke = e 2

BRI, 508 T 9 0 W B o T 2 B — i 5%
Jitk. RTBE R BORAE R GE 8 AT PR R
MAWETE, ENAMEEM T KR TR BRIG T 455
RTR AR BMIEYEHAR R, e 7%
A AR A 86 P 78 P B ) K T R A T i 0 T HK
PR EANX BHELT ERMEIR ST T
%, WRSE T B R I 1 R DUIR R R e TR K 8 SR
BBRTE . AETE FIAE - BRTE 15 8 12 9 BUpL ], JF
I A A TE RO AT T R E. R 4
AR T 9 R A R A, I 2V E
X JE A B B T SR URE THT M > BR T VB 0 L
AR B SRR B T B I S R T R AT T LR e
T, FFRURE TR BRI R PR SRR R R
HipAR LB 6 8 e p2 AR D it B4 SR BT T
Peor . sk S5AE IR A B I B O A
THUKSEET RSB EERY BOS R, s 7 H
T B A R T A RN T O AR AT B AL SRR
AR T — B R TR B B
A5 2R B AL ey s 00 i J2 1 T 2 s 3K 3 &
g8, FFIFRE T2 Ve TE SN A 60 AR B AE A5

ML EWFTE R BT LR Y, X K U B 3%
(35 4 BOIL T B 50 € 28 A 25 18 W1 266 B
RVERY B JR B T 2% R IR W) b I Rk B B,
LW T R et TR BRItk k. H
AT, K YE-7R B B XA A g i R ) ik 2R 3R A
TER TR M H 438 2, HR0 T XK E
BV HALE A PR D, ETI, ASCLE S
RV 2N B2 il i) L 3 8 TR R AR S T
TR, 5 KU K I 58 AU 3% 00 280 8 Ik 2 1k A 28
FEZS [RGB 0 35 8 1 R Y Ll 2k 47
MW, 4Ry BRI E A, DU
Sy AR Y- 7K B U 3% A B T A R o b B i T
Hrb it B S AR LR AR .

1 CSURRHERSEY HEE

L1 CSWERBIFENERE
LoLoT BB AR AL 7
5 a1 B A 1 R T Sl SN T T E

TE R LA B 5 2 B T K i AR R, K-k
B (C-S) MU AT Sy S 70 0 3 B 7R S A TE K T
FERBRE T THZMRN . C-S BRIt KR 23
(A ) MUKBERGZE W (B ) % — = i iR & )5
), TREE B9 2R IR B AT KR g R B0 R A
SCHAG 5 9 T E e 1 42 o) B [ I ) B AL L. C-S
XM FG L ARAC R 2, WRWIR & BHRMR L
Bk P i 8] CBE S I 18)) — oA L+ 2L+ 53
B ORI B AL T Lo S = AR BT, BRI
i EJHUAE A, R B o WL 1

WE mg

N }Lﬂﬁﬁ 01

|
|
|
|
iﬂ -
t, )
Bl CSHUERNFEMRISS
Fig. 1 Viscosity stage division of C-S mixed grout
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Fig. 3 Theoretical model of grout cylindrical diffusion
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