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Abstract; On the assumption that the back-filled grouts (4]
should be viscosity degeneration fluids, and the grouts diffuse
with half-spherical surface, the grouts diffusion area and the
pressure to shield tunnel segments were derived with Darcy’s ’

law. As a result, the formula to calculate the radius and the H
pressure were acquired. The diffusion radius and the

pressures to shield tunnel segments with different grouting

pressures, grouting time, grouts initial viscosities, and soil

permeability coefficients were compared between the grouts

viscosity degeneration condition being taken into consideration

or not. The diffusion model of grouts pressure is also

acquired. The result shows that the grouts viscosity

degeneration has a significant influence on the diffusion radius

and the pressure to shield tunnel segments on the condition of ,
high grouting pressure. long grouting time, and big soil

permeability coefficient. The grouting effect can be improved

by adjusting grouting pressure, grouting time and grouts

: 2011-11-06
(51178052; 50808020) ; (CHD2011JC099)
(1977—, s , . E-mail: xianyefei(@sohu. com



1790

( ) 40
dh :—BovKgle“dr (5)
1 dh=dP/pg. (5)
dP =— BypgvK ' e dr (6)
1.1 : P 30
@) N s
, St v=gq/A = qQ2nr*)"" )
e (1) L7-s] :q s A
1 (D) = pgoe’ (L (D (6)
: fheo yPa * s;a . dP =— Bipgq (2K, e “'mr*) 'dr €))
,s st .S . 7
(2) , P, roo, P..
., 1.  .P. _ 2xK,e (PP )
,P, Bopg (ro’" —r )
(9 0 ¢ . 2
HH bt/ P Q:J’thZZTcKw(Eg—i,).l—e“’ (10)
0 Bopg (rg" —r 1) @
\ - Q=2xr"n'/3 (10)
N\, : )
L p. = Pg—%iggw—"ml —rh e aD
pP,=P,, P,—P,=AP. >
To» (1D
3 =
a BT b BT r= 32;25”0 . 1_ae - (12)
. (11
Fig. 1 Half-spherical surface diffusion model F. = p. -+ Pe8 [_ Zn i d=mw)
of back-filled grouting ! TR 1570 4o
. ’ %r4+d(1;n)r3J e (13)
, .d . (D) ~3)
[5-6]
n/ n
. 1.3
1.2 (D
K, (0 (1) ~(13)
K, (1) = K, /B(t) (2) D [5-6] (14)
:K, ()t ;@ a  fo
P B =y () / pr 5 n' =n+3d(1—n)/2r 14
(2) .
K, (1) = Kopupg e “' = K B le (3)
S s Bo = preo / o . (11 ~(13)
r( ) rt+dr
v =—K,(0dh/dr w2
%7 sh
(3) 4

[5-6]



12 .

1791

ro=2.5 cm.n=20%,K,=5X10""cm -

s ' =4.d=10 cm,P,=0 MPa, [20-21]
a=1/6 000 s ',
2.1
t=30 min , 12 (13)
) 2~4
2 ,
2
0.1 MPa 0.5 MPa
1
1 ,
175
g 150}
@ 1251
100
E st
2l o AR
251 e AR
0 D.I 1 (].IZ U.I3 U‘I4 0.‘5 (}.16
HEHIE 11/MPa
2
Fig. 2 Relationship between diffusion radius and
grouting pressure
3 ,
2
0.1 MPa
0.5 MPa
16 . s
4 , 2
2 ,

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved.

25007
S2000f o FEm A
& - R
2 15000
#H
£ 10001
i
g 5001
"
L 1 . 1 — |
0 01 02 03 04 05 06

TEH I J1/MPa

EH3 WERFEMNEHSEEENXF
Fig.3 Relationship between pressure to segments

and grouting pressure

£ 035
o
3 030
B 025}
=

= 0201
= oast
g 0.10F
i 0.05
gn

=
™=

—— B
== RE RN

-

Il 1 1 1 1 |

0 0.1 02 03 04 05 06
T 51/MPa

B4 MNERBRUERNENSERENKCR
Fig.4 Relationship between intensity of pressure to

segments and grouting pressure

2~4 s 0.
MPa 0.5 MPa
2.2
P,=0.3 MPa , (12>
(13)
) 5~7
5 )
2
10 min 90 min
2 1
6 ,

http://www.cnki.net



1792 ( ) 40
250 5~7 , 10
& 200k min 90 min 1
@ —~
& 150F ’ 8~4
E
L 100f
x o AR
e e R
0 20 40 60 80 100
1 H I [E]/min 53
B5 R HER5TRMEXRES ' o a2 (s
Fig.5 Relationship between diffusion radius = min
and grouting time
, 8~10
- 2500 g
= 2000} '
e 2
= 1500
#H 2
ﬁ_ 1 000 |
m 500t —e— HRI 10 2
- —— AR 50%.
0 20 40 60 80 100 :
FESK I [A]/min
EH6 MERFENENSTEMEXR
Fig.6 Relationship between pressure to segments 200
and grouting time £ 150
E 100 -
2 &
10 min 90 B sof —— R A
min = A B
3 . 4 0 2 4 6 8 10 12
’ SACIERAIE 5K R
, 8
Fig. 8 Relationship between diffusion radius
7 9 and grouts viscosity
9 ,
, 2
2
, 2 10 2
030 1750 -
& 025t Z 15001
<o} & 12s0f —e RS
R 0.15F ﬁ 1000 - - AN LRI AR
£5010} | RTS0f
B oosf S BB i 500
. == RE B i 250
. : . y . ® i
0 20 40 60 80 100 ; . . . L !
— 0 2 4 6 8 10 12
FBATLEREE 5 K RS FE H
7
9

Fig. 7 Relationship between intensity of pressure to . . .
g p yorp Fig. 9 Relationship between pressure to segments

segments and grouting time and grouts viscosity

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



12 .

1793

0.30

= 0.25F

& 020t

iE £ a2 o = = = = » 8

FR015H

Eiag=|

gz 0101 —o— E A

® oos| —— RE A

o 2 4 6 8 10 n

S A GRS BE 5 K Rk FEE LE

10

Fig. 10 Relationship between intensity of pressure to

segments and grouts viscosity

70%. ,
10 , 2
2
8’\’ 10 ’
2 10
50%, 70%,
2.4
=30 min (12) (13)
s 11~13 , ,K
11 ,
2

250
5200
@
& 150
&
i 100F
R R
o *— AR

1.5 2.0 25 3.0 35 4.0 4.5
_|gK
11
Fig. 11 Relationship between diffusion radius and

soil infiltration rate

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved.

10~

107" m« s !

‘mes ', 2
1
12 ,
2
107" mes!
10 me s ! 2
2 s

2500
Z —e— R AR
= 2000F e RE T
£ 1500}
H
1000
o
g S00f
=

(] L 1 1 | 1 J
1.5 20 25 30 35 40 45

—lgk

12
Fig. 12 Relationship between pressure to segments

and soil infiltration rate

13 s 2

030

S 2
[EER T
=
T L)

e
=
T

—— BEmAENE
- RH RN

R A e T AR
f K #1/MPa

0.05F

0 L L | L . )
1.5 2.0 2.5 3.0 3.3 40 45

—lgk

13
Fig. 13 Relationship between intensity of pressure to

segments and soil infiltration rate

11~13 s

b o b

http://www.cnki.net



1794

) 40

P,=0.3 MPa,t=30 min, 2

14.

—o— Ry A
0.05F - AEBINENE

& R BTS2 K ) /MPa
S

0 20 40 60 B0 100 120 140

14
Fig. 14 Relationship between pressure to segments

and grouts diffusion radius

14 ) s

@) N

(2

3

(1]

[2]

(3]

(4]

(5]

(6]

[7]

[8]

4 , ,

i ’

1. . 2010, 32(1D); 1752.
LI Zhiming, LIAO Shaoming, DAI Zhiren. Theoretical study
on synchronous grouting filling patterns and pressure
distribution of EPB shield tunnels [J]. Chinese Journal of
Geotechnical Engineering, 2010, 32(11). 1752,
[Jl. , 2011, 46(1) . 18.
YUAN Xiaohui, HAN Yuewang, ZHONG Xiaochun. Pressure
distribution model of simultaneous backfill grouting of shield
tunnel[ J]. Journal of Southwest Jiaotong University, 2011, 46
(1) 18.
[Jl , 2011, 28(3); 95.
FAN Zhaoping, HAN Yuewang, FANG Zhonggiang.
Calculating model of backfill grouting pressure distribution for
shield tunnel [ J]. Journal of highway and Transportation
Research and Development, 2011, 28(3); 95.
Ll , 2011, 32(4): 38.
BAI Yun, DAI Zhiren, ZHANG Shasha, et al. Study on the
grout pressure dissipation mode in simultaneous backfill
grouting during shield tunneling[ J]. China Railway Science.
2011, 32(4) . 38.
[Dl.
: , 2007,
YE Fei. Analysis and control for upward movement of shield
tunnel during construction[ D]. Shanghai: Tongji University,
2007.
(7. . 2009, 30(5): 1307.
YE Fei, ZHU Hehua, HE Chuan. Back-filled grouts diffusion
model and its pressure to segments of shield tunnel [J]. Rock
and Soil Mechanics, 2009, 30(5): 1307.
[Jl.
, 2005, 21(1): 69.
RUAN Wenjun. Research on diffusion of grouting and basic
properties of grouts [ J]. Chinese Journal of Geotechnical
Engineering, 2005, 21(1) . 69.
0.
, 2005, 24(15) . 2709.
RUAN Wenjun., Spreading model of grouting in rock mass
fissures based on time-dependent behavior of viscosity of
cement-based grouts[ J]. Chinese Journal of Rock Mechanics

and Engineering. 2005, 24(15) . 2709.



