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Abstract: During the excavation process of slurry shield tunneling in sandy pebble stratum, the discharge pipeline transport is
particularly complex due to a large number of irregular pebbles in the slurry-discharge pipelines. In this study, a circulating
current test device is designed, and a three-dimensional transient numerical model is established using the computational fluid
dynamics-discrete element method (CFD-DEM) coupling method. The start-up characteristics of the pebbles under different
shapes, particle sizes, inclination angles of pipelines, elbow and pipeline diameters are investigated, respectively. In the model
tests, the sodium carboxymethyl cellulose (CMC) slurry is used as the carrier liquid, and the transparent acrylic tube is used as
the carrier. In the CFD-DEM coupling model, the rheological properties of slurry and the shape of irregular pebbles are
considered through the rheological testing and three-dimensional scanning technology, respectively. The results indicated that:
(1) Under the same particle size of irregular pebbles and inclination angle of pipelines, the starting velocity of the pebbles
follows an order of ellipsoidal shape>flat shape>nearly spherical shapes; (2) Under the same shape of irregular pebbles and

inclination angle of pipelines, the starting velocity of pebbles first increases, then decreases, and then increases with the
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increase of the isometric particle size. (3) For the spherical
pebbles, in a horizontal pipeline, the starting velocity of the

pebbles first increases, then decreases, and then increases with
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the increase of the particle size. In the inclined and vertical pipelines, the starting velocity of the pebbles decreases with the

increase of the particle size. (4) The starting velocity of the pebbles increases with the increase of the pipe line diameter. (5) The

positions with higher starting velocity of pebbles mainly appear at the elbow positions with larger angles (such as 60° and

90° ). This is because when the inclination angle of pipelines is=60° , a vortex zone will appear at the elbow position. The

velocity in the vortex zone is opposite to the velocity in the mainstream zone, which hinders the movement of the pebbles.

Therefore, when laying pipelines, it is necessary to minimize the laying of large-angle-inclined and vertical pipelines as much

as possible, and it is recommended to use more horizontal pipelines or pipelines with small inclination angles (<45° ).
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o 31 =

VK JE ML R 2 At Re AT . i TR g
72 N T 4R BESE TR A A U YR K JE R AERD Y
A EIR R, A AN K A R SR
HAEBRILIR BT 7y B WA AT IR 4 IR R BB AL
B, T HERE B PR R E T2 TTE R AR
MIRKAR A, RIS E R, IR
TIHAES, AN REIH 2 TN Ak BT e R IR, 2
RAENARERERIG, s RE g E, ™H
Sl FEUE AU HLEY, Fk, 00 88 E A 7E
HESRE B AR, RO OGO AR B, h I 8
TRE . SN U AR 2 Y R 3R 2 AL A TR
Ktk B EMOURRER .. FES, B,
N T IR A EHER S B R RS R, T EE
KR I A E B AR LS %, X EIRSCBERZ A
R 2%F AE AN R AT IR LU N E 2

BT, V5258508 1 ik [ A4 R0k in) gk AT
THEF, FEHFRITRES 3 F: O AN @K
W, OFENIE. Hh, AR Trm, Eit
2%% Durand”). Wasp®. Shook & Mehment 51042
7 & B RIE A A, IS TG 2 A TRk
PEFUEUR T 0.30, FURKIAZ/NT 10 mm 150
P 223 PR A AR AR B K &I E . TR
aes T FREA L, KRR AXTHT AR
KBLAR P RAE, 4l 8 A =00 2 3E H TR 42 < 0.05
mm [R5 LSRR >0.05 1 mik AR . 7E RGBT
FUIT I, X B AT i KA RS o A TR Bk
CRAR <10 mm) [AAHEAEH, F48 RO U FH 4 EE |
FEARA 22 DA S 2 g AR S5 R 35 50 ER % RORE HE R 52 1
W3 AR SR S o SIS R R
Btox 3 B E B K ik A A T RUBRL (1 12 ) HEAT B
Fi, BE)TAEARFE PIRURIRAC N, Frk K B
S AR 43 ) HE K T 39K s Ravelet S5 IR AR 150
FORIN, KT T8 A ROk R A% 5 55 S R 1328 B T
ADEYIMK . FEEET E 7T, P 450 E: T H {5
PR Ti%, 8 DEM R T SEEREBURLAE S 2 IR
PEEEIEEE, FEfR R ERRLR s R, W Bl R &R

BRI R S R K Akhshik &0 M B0
1% 5B BRIt (CFD-DEM) #1177, W5
B F IR B Rz gL sz, fFe Rk
TE AR [ A4 AH BLAE i 3R EEER .

i LRTiR, Harst 18w v A R SRR A A
ZHEPTHBHHEANX, AAKXFRTRZNT 10
mm [k RIS ARG, HRied B %
BT KA 6 HL 30 22 K ARt ARG MR s BRI 0
YR RAAEHEA L . ACE EFT TR KT,
AR B B AT B ARG 2E E, JFLL 20~100 mm
[ ST ANER I B0 AT A0 5, BG83k cMC
Fhltk Vs, 454 CFD-DEM & EH A, XL Fh
KEmHRA R GEAIR. FiR. &% ERbimn.
) NIV K E M HER S % A R A R AT
WA, UFEERKEWHREEFEEAR SHE, I
AR TR LG S H 5%,

1 REHE
1.1 RIEAHR

VKGRI — R PR o . — 32k
& ER, R AEE s S R s
FIKUS, 52 FRIEAF AR 248 (CMC) — A TR n
A, ATEREVRRAE . RKIE MR N A EdR e
PE. AEMEE . FEMROHRIE, —BELT,
WiEE R R KEEE 1.05~1.30 g/em®, 2
WA VI A 20~35 s (FRIRIRSFIED U9, /T
BAF MRS, R R “CMC+ Tk #i+
K7 HATECE, 2AWHES, 24 CMC &2 H0N 1%
B, VVOE A LT, AT LAV ZEH L B s 8, HE
TESEAEAE B, AR RN L EE, AR N
1.15 glem?, 455 KR HUE, FKHFE N 22.05 s.
F 1 RIS ET

F= 1 LR BSRESHRT

Table 1 Physical and mechanical parameters of soils
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Fig. 2 Pebbles used in the model test
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Table 2 Geometric parameters of pebbles with different shapes
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Table 3 Table of geometric parameters of pebbles with different

isometric sizes
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31 2.893 30.59
36 2.790 38.55
27 2.612 41.71
16 2.664 51.18
18 2.767 59.53
24 2.707 62.85
21 2.786 64.42

2.129~2.222 0.97~1.10 0.470~0.474
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Table 4 Geometric parameters of pebbles with different shapes

k] /(g em?) Fi4%/mm
£l 2.400 25
£2 2.440 30
3 2.390 40
4 2.450 50
£5 2.410 60
£ 6 2.400 70
A7 2.390 80
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