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Model tests on dynamic response of ballastless track X-shaped pile-raft
foundation under long-term train loads
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Abstract: Based on a series of 1 © 5 scale model tests on ballastless track X-shaped pile-raft foundation, the dynamic response
of the foundation in saturated sand is studied under long-term train cyclic loading. The dynamic stress of the X-shaped pile, the
skin friction of the pile and the cumulative settlement of the foundation with the number of loading cycles are analyzed. It is
found that the axial force and cumulative settlement of the pile increase with the increasing loading cycles, but the rate of
increment decreases. The axial force of the pile body is time-dependent. In addition, the lower the loading frequency, the lower
the number of loading cycles required for the axial force of the pile to be stabilized. The area of negative friction is within 1 m
from the top of the pile, and the area of positive friction is below 1 m from the surface. The neutral point is at 1/4 of the pile
length. The variation rules of normalized axial force, side friction and settlement of the pile with the number of normalized
loading cycles can be described by a logarithmic function.

Key words: train load; ballastless track; pile-raft foundation; dynamic stress of pile; pile skin friction; accumulated settlement
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Fig. 1 Images of large-scale model test system
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Table 1 Similarity ratios of model
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K /m 1/5 PRA /m? 1/125
R /(kgrm3) 1 AR/ MPa 1
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IS [6)/s 1/45 B [kPa J5
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Table 2 Physical indices of sand
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éﬁﬂ 23.51 21.58 7.07 920 1923 134

BEARRIGAT & T A it. BJgiE fLRTE R
A BB W 2 Fror.

! fr#it
- BEH 860 405, 405,415 415
= N T 1 1 1
ey S s p
N 1 Vi
I st B\ - Py, 8s
o fLEH Ji2:523 Vat $11S1513 N/%- PE
o | |
P33 é S35 |S5255% |S52831 | Vio Vs Ve V7 3
p he! AR 8
a2 || of | g
3
g ] ww [
raa i| \‘\\ Sa1|2| Vi1
R \\h\ Ps3 o
Paa |l o o HFE §
3
)
Paas || o Ss1|n|Vip -
3
bl ABEXTEM (| S
P ||| o |2 g
7
P33 = Se1 |2 Vi3 _
7
=)
Pasg ||| g &
b
P339 L L Lo Vs L L _
Spos 1166 | 667 | 6677
a G a a a
BEEXIBAE
pi [ e} a s
ok,
il u X a o
% S35 S3a S33 S32 S31 8
% Spi33, Vi g
a3 o’ I In
¥ .
| 2 667
a g O a et
!E]
8
a g e} a pt
L 5000 A

2 REHEHEREE
Fig. 2 Layout of ballastless track XCC pile-raft foundation with
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Fig. 3 Grain-size distribution curves of geomaterials used in this

study and literature

4 X feHi
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Fig. 5 Applied dynamic loads in model tests
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Table 3 Loading cases of tests

T Wi f1Hz RV
1 5 25000
2 10 25000
3 15 45000
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Fig. 6 Time-history curves of dynamic pore pressure
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Fig. 7 Average axial forces of pile against loading cycles
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Fig. 8 Curve of axial force distribution of pile along pile length
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Fig. 9 Nomalization of average axial force of pile versus loading

cycles
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