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Development and application of model test system for mud pumping in
ballasted track subgrade
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Abstract: In order to study the mud pumping mechanism of ballasted track subgrade on the existing lines in China, a physical
modelling system which can simulate the cyclic loading - wetting coupling process is developed. The model sample with a
diameter of 500 mm is composed of 350 mm-thick subgrade soil and 200 mm-thick ballast. The whole sample is prepared in a
high-strength transparent plexiglass model cylinder. The test system is equipped with four types of sensors to monitor the load,
displacement, volumetric water content and pore water pressure, respectively. A high-definition camera is installed to observe
the whole test process. The developed test system is used to carry out the mud pumping model tests on the soil samples of
typical mud pumping disease sections of railway from Xindian to Taishan. The results show that the dynamic pore water
pressure is the key factor for mud pumping. As the volumetric water content increases, the amount of migrated particle caused
by dynamic pore water pressure gradually increases. In the saturated state, it will cause a large number of particles to migrate,
and the phenomenon of mud pumping is significant. At the end of the tests, the ballast fouling index reaches 25%, which will
seriously affect the normal operation of the railway in the actual project. It is necessary to replace the fouled ballast.
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Fig. 1 Model test system

1.1 FE#
FENLGER VYIRS, A Ik (Bl o 2 25 1



1408 "+ T OB % M

2022 4E

ROR BTy, B RS SRR %, AT
AR N B EL I [ F7 . TR b 22 A ] T [
I, AESYETE, mESER ST, D
EREMIR S LA B, BRAEREENE L.
MUNERGBINETOE, THESPRRE, NETT
S &M, NeERE S8, R RIAET
INEGRES . 5058 S PP SRS, N SRR
[GEEZIEIDIR: S
1.2 1REE

BRI R (I 20 SR v ot 5 55 WA A WL B 1 I
8 T WOV (&R R I % . f R 600 mm, Py
£ 500 mm, EEE 20 mm. JEHEHRMH O K EE SR
JEEE, {EfER L2 AR, B ERRAS
JEPEERE, FHAERARIEAS . (AR B FR 13 B AL A%
EGIE{

NLE 4
A AR ETL ]
~

& 2 RERREE
Fig. 2 Schematic view of model cylinder

1.3 ARGEMSR RS

Al W B0 T 28 2 G2 9 B ik 0 &R SR it Bl o A
WS ERIThEE, EE AR EEsha . WUk, {7
I S e S B AR 2 AR e A AR A 3l 3 7 SRS il
i ST, MUSTEEROEEN 0, AR RS F A S
SRS AERIE 5 AV Bl SR 1 2R IR
A F8 G i 0 e Kl 1) 5 A 28 B BN A IR AE N 50
kN, e I ) e KA O 10 mm, - S BN
FYEH N 0~10 Hz, W]t DS A7 80 % A4 1R 5%
=P BRI BRI BEALB L E E SR .
1.4 RKKE

AR E BRI 3B AE KRR . 5% 1
— Ui 5 RS e ARE R (K S 7T, B 1 53— i
I P S o 1O A TP P05 22 3 AT
AR, AT SR BURE THAR SR AR Y 51 R K . K
W A S5 ) 5 BAT S S A AN SLET U FLBRG - KR
GV EZ VI D RS SR (SR DI SN e RS ) PSS G BURA

LS A B . B NS &4, B
£ 490 mm, HJEE 55 mm, FiE4) 13 kg, EERAE T
— BN, 2 /35, R REM R T E 4
JEEE/N, R BUR TN R

1.5 WSMR&ELE

MR LSS B S SIS L. LR, Ak
fEIRES . KRR . B SEREK L AR RS
XL R AL E . mE MR % JE ILCI-ATM3
AR AL, P -3 B 6 3o R P R ORI A2 3 A i 1]
FINLAT SEEICA I AHIE, B 222521 Remote
A TSI AL T AP AT 5 1 T PR SR M A o fr kA
ey S T [N== w1 20) | EEER .0 = Sl K i o A NP Ve = 2 L
F -0 2 e R e P AR Rl A #8, IK AR K
FIEF EC-5 /K AR s, M0 F2 v sl Re py 3
RS KR, ] m mEFE 5K v m] R B e A
M RIRZS S HFE W A AR S R B S FLER /K
517, BN —-450~2000 kPa. 7K70 1L 5
kA& 4 AKFR AT TR, [HEEA 100
mmo.
ik vk 75 A8 FH B0 TR 28 05 R R 1 v AN O R DLk #
mR PR 1 ek Tk T e T T AR E
{25 B N BRI LK, SRS 1 GDS & % il s BA
10 kPa/min ffI3# it il 0~1950 kPa )% /7. L% H
FoESG, o€ 24 h, FUAHFDEREZ S 0 kPa. &
I 5E RTINS AN B . R )5 B bk I fn s 5
T2 4k, X% 1950 kPa J5Fa€ 1 he 1E 4 MER G5
B TR, HAE R — MRS AR E 5K Tt
1.6 HEEE

i R AR ey A P R R R Y
JUTIRR, ARG HRFE T s & T R 2ok, Rk
KA EA R E TS, R ERAERY
300 mm, JiEZ) 7.9 kg; AL EAZZ) 146 mm, JiiE
2910 kgo I TZEHTRFEM m2EiE k.

ASCHER RS RG B A LIRS Onf S E
W SR AR G EH, B R K- 148 T IH
BHRRL ) - NAFSE FR o @ n] K AR @ it i oK IR 20
i g, HEMIRBGAIS Fr sz i 4 5 = AR AR T . AU —
S A TR S T[] s 0 R AR AN R R U 7 5 A LB 7K
J£ 77 @R SER B2 B Ve AR TR R LT B R
I EM W EE G AR R R E .

AL BV IR HEYET Duong B0
Wt 8%, e BT TG, BN R
(1) ESCEE i e ok i PO F LR S R RURE TR 5 i 451 50 %
KRG 3 - IR A ER X — 2 Tl &
B R, ARG E SRR 1l 17 AR AL
ToiF25 /K7 AR T IR



%8

BRISC, S ATEPUER LRI B R R R SR SN 1409

2 BRERERRR
FIF FTAE A ARG R GE, X oE Rk R B

VeI LAY i B ) B S SR T WIS 7T, T

B2 BV R R I BRLE R R, Wb R E e

FEAEALE

2.1 RIEM R SIS &

I AR R I, S 2RI A7 0 A R
BRIG, W3R, MEBMAFIEERZE. K
BRI G F FH A 25 1 S 20 2k s SRS O S e
B, TEREEE BRI A3 AR R A TERE . A (-
TARE 7k UE: GB/T 50123—1999) JFfE 7 RAY)
PEIRES, B4 N LR R 4, A S
BIEWE 1. KB CHETREMEITE (2009 f50:
GB50021—2001) w] e k4t R . kIR
Frife (R TEAERE: TB/T 2140—2008) T BEH
LANEEB IPERER I ER, BB T ARG B A
TERE, B S NEREBRL I 4L .

3 FRGMMBBRERRE

Fig. 3 Typical mud pumping disease on Xintai railway
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Fig. 4 Grain-size distribution curve of subgrade soil
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Fig. 5 Grain-size distribution curves of ballast
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Table 1 Basic physical parameters of soil
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Fig. 11 Evolution of volumetric water content in CLW stage
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Fig. 13 Evolution of volumetric water content in SCL stage
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