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Abstract: In order to consider the dynamic responses of track
and subgrade of the scaled track-subgrade model and the
interaction between them, a uniform dynamic similitude
method for the track-subgrade system was first proposed. The
dynamic similitude design of the track was conducted and the
acceleration-scaling factor of the track-subgrade model was
assigned as 1. 0. Then, the track and subgrade follow the
same length scaling factor and the shear wave of the subgrade
model was controlled to perform the dynamic design of the
subgrade structure. By using the proposed approach, the
similitude design of a 1/4-scaled track-subgrade model system
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was conducted and a series of dynamic tests of the model
system under the excitations with different frequencies were
carried out. The acceleration responses of different positions
of the model were measured and analyzed. The first-order
frequency of the test system was obtained. The results show
that there exists time delay in the process of downward
transfer of acceleration. Under the excitations with a certain
frequency, the characteristic frequencies, which were
obtained by using the spectrum analysis of acceleration, of

different structural layers are consistent.

Key words: high-speed railway subgrade; track-subgrade
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structure interaction
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Tab.1 Scaling factors of the model

N 1)
JUfa KE S 0.25 0.25
i RAH - S,=S 0.25 0.25
HE p S,=S,/(S.S») 1 1
L MR E Sk 0.25 0.25
PH s o, s, 0.5
FRYIEHRE G S6=SiS,S. 0. 25
FELEES S S/=SS.S, 0.25
R f Sp=(S./S? 2 2
TN E a Se 1 1
;A it ] ¢ Sy=(S:1/Sa)V? 0.5 0.5
ik Bt o S,=Sk 0.25 0.25
NAE ¢ Se 1 1
FLBKES S.=5,5.5 0. 25
MRS S, =S} 0.062 5 0.062 5
AL S,=10 1 1
FE m S,=S,* S 0.015 6 0.015 6
RIEE & Sy=Sk * S 0.062 5 0.062 5
BHJE ¢ S:=S./S: 0.0313 0.0313
HoAth BE v Sy=1(Ss » SHV? 0.5 0.5
EHMESE g Se 1 1
g F SF=Sg * S} 0.015 6 0.015 6
LWmE p S;=Se* S 0.062 5 0.062 5
T E g S,=Sk 0. 25 0.25
Ji%E M Su=Sk + S} 0.003 9 0.003 9
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Tab.2 Track structure reinforcement
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Tab.3 Shear wave velocity in each layer of subgrade

2 SRR BB B %iﬂﬂﬁﬂﬁﬁfﬂ
JE/(me s JEE/(m+s™D  PEHE/(me-sD)
EIKERE  483.7~530.6  241.9~265.3 262.9
EFRKE  329.2~366.6  164.6~183.3 165.0
23728 309.2~339.0  154.6~169.5 153.0
Hht 244.6~343.1  122.3~171.6 137.5
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Fig.3 Form erecting of track slab (plan view)
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Fig.4 Construction of track structure (side view)
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Fig.5 Installation of rails and fasteners
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Fig.6 Mixing filler of surface layer for the subgrade
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Fig.7 Compaction of subgrade by rammer compactor
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Fig.8 Arrangement diagram of sensors
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Fig.9 Acceleration history curve of the subgrade at the
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Fig.10 Acceleration history curve of subgrade at the
position 6 ~7 under the rail at 25 Hz
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Fig.11 Acceleration spectrum curve of subgrade at
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Tab.4 Acceleration data at different frequencies for

Type-1I track-subgrade structure

DEEE/(m « s71)

A 5 Hz 10 Hz 15 Hz 21 Hz B
1 0.0094 0.0817 0.1948 1.2129 6. 23
2 0.0091 0.1032 0.2428 1.5417 6. 35
3 0.0087 0.1041 0.2459 1.6141 6. 56
4 0.0456 0.1399 0.3040 1.690 4 5.56
5 0.0086 0.1326 0.2997 1.7754 5.92
6 0.0093 0.1080 0.2345 1.4688 6. 26
7 0.0117 0.0731 0.2368 2.1229 8. 96

H 3 3 AT LIEH , SRR T 15 Hz B, 3)
20035 BE R R RT3 0T R 18 K. FEARIEE 5
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Tab.5 Numerical calculation and experimental data of

subgrade acceleration

J#EE/(m - s72)
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*E j=u! 2 3 4 5 6
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Fig. 15 Comparison of numerical simulation and

experimental results of subgrade acceleration
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