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Abstract: To investigate the diffusion mechanism of backfill grouting slurry in metro tunnels under different working conditions

during the operation period, a mathematical model of the diffusion process was derived based on the physical processes involved

in grouting. A three-dimensional numerical simulation program, developed using the finite element method (FEM) and the

volume of fluid (VOF) method, was applied. Using an actual project during the operation period as a case study, the diffusion
behavior of backfill grouting in metro tunnels under different soil conditions was simulated, and the rationality of the numerical
simulation results was validated through laboratory model tests. The results indicate that in hard soils, the slurry predominantly
fractures in a direction perpendicular to the lining structure, making it difficult to form a large closed reinforcement area behind
the lining. In contrast, in soft soils, as the grouting pressure increases, the slurry gradually spreads along the interface between
the tunnel and the soil. Upon completion of grouting, the slurry forms a uniformly distributed closed reinforcement along the
tunnel wall. The consistency between the model test and numerical simulation trends confirms the reliability of the grouting

diffusion mechanism behind the tunnel wall.

Wi B AA:
E—1EA:
BIEEE:
E€mA:
51 A%

2024-07-15  {&E HH#A: 2024-11-23

HE, B, mit, TEM, ARADAIBTHETE T BRPAEELEMHREARE, han_zhen@njmetro.com.cn
BFEE, B, HLHRE, HRTEAZEEHRERERE, 21115022@bjtu.edu.cn
FREREART S THETIHA SR B(2023YJS051); B R#bEKIZE A S HF AR A (3000-M999-JY-202203-0190)
HE, B¥L, BREK, & sERMSRBESRIRY SIS RI]. HhiRhE, 2025, 38(3): 100-107.

HAN Zhen, WEI Xueda, CHEN Tielin, et al. Diffusion mechanism of backfill grouting for metro tunnels during operation
period[J]. Urban rapid rail transit, 2025, 38(3): 100-107.

100 URBAN RAPID RAIL TRANSIT



BB BT TRY B TR

Keywords: urban rail transit; metro tunnels; backfill grouting; diffusion mechanism; numerical simulation

it o 3l i AR PR b, bR 3 v SR At A i A
REEVORI A LA R A EEE Y. JEgE, #
222023 TR IE AT 66 ANk 17 T8 3k 1T BT AT £k i
B HEFLA 11 232,65 km!?!. SR, 52 TREIREE. it
R 5 B A B DA R R R ), MR PR TE B TR K
ANB)SJUTRE . SRS N KA, Tl
178 R BRI 2 A IR AR I B 2 — o DALk, oA
IS BIPEIE 100 4F LB vl A, 0 is s I bETE
o325 (A9 B 2 i R R — B,

ER BTN K . AU S5 AR A5
IR TE I FH AT B, iRy B FAE AT K
Wit iR EEN T ESH e —, 23T TREARAN G
W2 RV TEERY BT 7 i, &)
Maag it LA Darcy & {0 JE A, A5 e d v AR 5%
SRE ek, HIGEM TP AR EEE-
SEERIEY B ERIBEE R R R BRI
HEAXRES TR Y], k2 %58 NIRRT
AR Wl AR R R TR B R
A5 TG 3 ) R N R g A -
AR g gt IR . Tresca #EI, A4 S 380h Z-BIRAA,
7F Maag B 3G I, 5838 TEROEY HUis Ol FigiE
HERT HCEEET AR SRERETRE— LU
Je MR ) BA AR, IfES TR TR IRY . K
TR P Y B ) TR) AR A R R B o BRIy T
Han 2513 505 7 R 30088 1 L s R ) 300k s 60
FAE N KR Y O kRSP B
W ) AT ARAL VARG R G TT Je b J 2 B 34 - Ik %
ERAIRLS, JF4R7R T 0P85 - 3 i % 9 HON
o BRI, Li 20O 4 155 et i £ %
TEAR AU 7 V291 F T Bl e A R i i i #AT ok, I
2 IR 53000 25 AT PEi 2278 15%LL T 5 Zhang
2L (B W RH P (R 25 254K, R JT] OpenFOAM 2T
VOF #URIE IR TV SR FE AR S 1H, 2B sl 7
E/ SuR Y kY

HT, ME¥EMERT HCER T E AL ER
P A AR 7055 7 I J& T K yR AW
G0 BEAR T8 SCI R ¥ Akl 38 50 i 4245 1m) R
SRR T i BE AR S Pk 1 AR R B, 5 ) [ PR 1R
BOME LS B LS TR SE BRI Ol e SVERAT ORI E N
RIS RS HE S . B REE, S hilgy, S04

Rlhe 5 TRk Az RN, IRy =5
PEF O TR B A I, LR 4R IA
B HADWNER M EERRIT R 2 RE I8 T 3R
PHOS R SEDE ER . ARIT, R s A
(AN A N )-SR I B o EAh, TEANIR 4
WHEE, RBTRERIH RS BFE . BREAN
TR B N, A7 LI R P EBUE BT 5T
T, TERZN B SR B0 F v B ) B i XU R S
(FERE L, BESCIUEARFTE AT R R, BB, B
FUEAFE R G — B0, AT SE i g 5 an gy
HH.

AW R T A B0 R B g -3 G
By BT ARSREEMEN LT R BIE. BERAEAR
Al S B e — B, Il AR AR E R
Sy O, G ST 2% e R O R L
MBS 5a ARSI B IRIA B TRES), Xihd
T H AP OO R BUE BT T, I RN
5 F T30 e HE AT ) & B
1 RESTEIR BRG] S BB

FMAE AR A AT g — AN - B A A
(IR, AR IR s ) e 3 A i 8 I B 2 -
T AR ST BRI G o AR B AL R IR M K 56 4
drdE, R AR KB AR, AR A AR
PO T s g BT R EIALEL, eSS
PAINECT iy e
1.1 Biot B4t
111 =658

T Terzaghi RN S 53, +5 485 FLBRK
D MAFAERE G R FR . A0 R B ] (D3RR

0 =0 +6;p (1)
K, o NN o AN ks 5 ) Kronecker
5, i, 671, M i#j B, 6,=0; p AFLBRG
EHT1s B A LCERTE 45 R4, Terzaghi AU B 1.
AR RN A A R -
%‘j+%j’)+b,—:0 @
Arb, b R KA.

SBR[ AR BR AR AR R R R, I NN 2P

Py 38 )P A

URBAN RAPID RAIL TRANSIT 101



ETHREIZE - 3835 F3H 2025F 6 A

OAoT];
% L OMBP) 5, g

3
6xj 6xj )
JUT BRI R IE NS .
1| OAu; OAu;
Ag; =—— L4 ! 4
& 2[ ox;  Ox, j )

Sl e, BRI B
BT AR R R
AUI-J- = Dy‘klAgkl (®)]
S, Dy A AR Acy AN
.
R FL L 2L Y B 360 1
Darcy &/, M HmE R :
%=4?§% ©)
Aol g BRI B K, A
BB AN 5 AL T
AL 27 Y RS0 T 5
EI] :

¢, 0Oq; O(n-c-p)
el 7
ot Ox; ot s @

K, n AE AL, o WA RS
IR fORURIET &, R B BUR BRI AR N AR, Gl
5 (8) KA

ou,

= 8
5 == (8)

BT 3R(6)~ SU(8), KA - A AL b P
0 WiIDN R R EWI Y
Li[K..aﬂ]_a("'C'Ap) 2 (o
7w O | 7 ox ; ot ox; \_ ot
KOs H 1 BOGRARBR AR 55 2 0
IRENER U RE AR S K RPN KL S U AT IR AS e o

j+f:0(%

7, KIS .
1.1.2 BFREZEBNEEE

BRI Q AT i 5, S ds B 2 4L
TR, LA
UG
u(x,t)y=u(x,t) Vxel,,teT
Ot (X,0)-1(x) = F(x,t) Vxe r,.,teT
px,t)=p(x,t) Vxel . teT (10)
v(x,t)-n(x)=q(x,t) Vxel teT

K, T Ton Ty Ty BUE TH BN BB RAE . B
N3 FLBRK R e (3 4 A

102 URBAN RAPID RAIL TRANSIT

WILHFAT T
u(x,t) =y (x,1)
{P(XJ) = Po(x,1)
1.2 BSZLEREHVSF
TR R, W b 3 g e A U
SRS RIRAR A, JLEREE )T IR 40 A ds K
I 71U 5 Mohr-Coulomb 77 B #E 1«
oy < —oy (12)
F=(c'+o'tang')—7 (13)
X, oy MBI TN T): of WAEBBHIRE: <
HBIN ) o WERGEIN )y I MFR D) ¢
AN BEREA
REEAEY e R LRI RS R R, kR
b
E'=Ee® (14)
X, BN BARSEPERIE, b AREETTIE; EAME
1.3 HEERTEHEHEE
RGE R TCAEREE T 1INNBEE R 9. RN AT
W v, (y) WIRIED:
v ()= T4 1) (15)
X, AW B IR R A
HEENRARE g 7R N:

(11)

b g2 oy, by
q—2jovxw¢h-4njo(b 4y%h— UnJ
(16)

A, T ARy LB L
UEIT, ZEEEMIRIE v WRIR N :
_ by,
v=gq/b= Tifj a7
1.4 TIRKHXF
K H] Duncan-Chang Ky T AR ARFIELRL . 44k
HIDI LA iR E, i) LAR IR
n . 2
E = Kp, EEJ {1_ R, (1-sing)(o —0'3)} 18)

P 2ccosp+20,sing

VAN S R E, N

n
£, ~Kop, ("—] (19
V4

a

DIZARBIREE B, N -



BB BT TRY B TR

a:@mpij (20)

K, c AFEERT1: o WNEEES: p KA UETD) K
Kpv K, AR SHEG me n HEEG ROWIIRLLG.
1.5 MR IKRIRE

TARAKFR ) (Volume of fluid technique, VOF)Fi#T
BB ER 7. AWFFUR A VOF JrikiB ER K iy
HE -

IR fACRGARARER 73 25, IE I AR 42 I A A%,
L YNVRIP

of /ot+v-Vf =0 (21)

Q) EWA A LB S P Mg 4. &
SERREIM I =1 A SRR TN 0. IR
W RIS HEAE 0~1 Z W),
1.6 TIRBIARIEMH

& AR BTN S, R R PR
Weibull 4347, HMEZ2 B4y Ay

a-1 a
WZE{EJ eml{ﬂJ] (22)
o \ o o
Kby a WIRSHEG g DTSRI AR & o A0S
M EHE R .
1.7 HEIE
R BRI R, AR B TR A R
TOR MRS, TTRERE SRy HOd PR AL, L6

WA 1 PR,

[ kst
v
————|  BHGLRAH
e
 —— 1 1
11 5B L R | s
A H()~0) RISEES)] | ki)
LR
S H M3 ) T3 PR (14)

1 BEJEVER BB L R

Figure 1 Numerical simulation of backfill grouting
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tunnel wall in different strata
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Figure 3 Numerical calculation model geometry size
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Table 1 Physical and mechanical parameters of soils
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Figure 4 Expansion process of grout in hard soils
and distribution of grout veins
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Figure 5 Expansion process of grout in soft soils
and distribution of grout veins
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