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Influence of Train Axle Mass and Geocell
Reinforcement Ballast on Roadbed Settlement
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Abstract: A 3-dimensional finite element model and a geocell model of ballast subgrade are established. The
phase loads are used to simulate the train dynamic load. The influence of train axle mass and geocell reinforce-
ment ballast on roadbed settlement is studied. The simulation results show that the displacement changes be-
tween each sleeper are basically consistent under the action of sinusoidal phase load. With the increasing of the
train axis mass, the ballast settlement increases obviously. After laying geocell reinforces, the lateral displace-
ment and vertical settlement of ballast reduce by 60% and 11%, respectively. Under the heavy load condi-
tions, the reinforcement efficiency of geogrid reduces. but the stiffness of geocell can change its reinforcement
efficiency. When the stiffness of geocell is between 400-800 MPa, the reinforcement effect on heavy-load road-
beds is favorable.
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Fig. 1 3-dimensional model of ballast-subgrade
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Fig. 3 90° sinusoidal phase-shifting load
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Fig.4 Vertical settlement and lateral displacement of ballast with and without reinforcement
VERF B 1 R AR AE G 5 0 J5 A 1 200 1% % i) T e AR 1) (57 RS 8 A T BH S A9 /) A BT 1) 155 1)
UUREM 0.010 4 m /N E] 0.009 3 mu /N T 11 %, [l 2 F M 0. 017 2 m g /N E] 0. 006 9 m, ¥/ T
6020, P, A A% O A HE BILTE O il 457 B 1 I ok B Oy 2 1 LR B TN h A iV R RAE LR T A
HE I TE ) L i (A 200 8 1) 7 B AE A B 47 1T A T/

P& for 20 A F T A RSB S GORE Y W 5 BT R . TR S N 2 51 A B RS R
IR A RERE S B B S i By B AR AT B R B AR ) A AN 6 s L 1 6 s
o WM JTs L R+ TAgE EIT RS,

—v— KN
012 | —v— i
0.10 |
& 008 |
<006 |-
004 |
002 |
0 . :
10° 10! 10° 108 10¢ 105
nlix
B 5 PRG3R F R A REBLIE % 1 v et

Fig.5 Vertical settlement of ballast under cyclic load"**)

50

—a— s

0.5 1.0 1.5 2.0 2.5 3.0
L/m

Pl 6 Ik b T ) o A

Fig. 6 Stress distribution on subgrade surface

HIIET 6 W] i L CSERRBURE A R D B30 . B2y SE 38 R wel /s » ELISE T 32 B4R oh 7 BB i 2 Ao
BEAE R 75 s A 5 L WA/ 2 15 00 4 im0 A AT A0 T e R 5 UL A ) 2H T BRI
JZ 4R ) oA BN A

T T EZ N 7 Fras . dr 7 a] R, b TR g 1 N g ey 2 1 A W LE B BT AR
T RBVEIY - HAEPUREHE fih 89 1E T J5 (07 B 0k 5 00 8 i) L R AR A B R L B ST AR A BILE AR A% = FOT
FHES T BB T A A 3 50 4 M 1) A2 T 58 O W

R ey

X %

Ca) ] 1) T

K7 +ItEEEDHE

%10
10°
10
10°
10°
10
10°
10°
10
102
10
10

23x
7.60%
'97x
34x
71x
.08x
45%
 83x
02%
06x
09x
3%

(b) B VL F%

Fig. 7 Deformation diagram of geocell
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Fig. 8 Vertical settlement and lateral displacement of ballast under different axis mass
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