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Induced by Passing Trains and a Simplified Calculation Method on It

LI Qiong-lin" **, LING Xian-zhang'**, ZHANG Feng”*, WANG Li-na'*?*
(1.School of Civil Engineering , Harbin Institute of Technology, Harbin 150090, Heilongjiang , China ;
2.State Key Laboratory of Frozen Soil , Chinese Academy of Sciences, Lanzhou 730000 ,Gansu ,China ;
3.College of Architecture and Civil Engineering , Yunnan Agricultural University , Kunming 650201, Yunnan ,China ;

4.School of Transportation Science and Engineering , Harbin Institute of Technology, Harbin 150090, Heilongjiang ,China)

Abstract; Many railways were constructed in regions of China that experience seasonal freezing
and thawing cycles in subgrade soils. Consequently, the dynamic stress distribution in subgrade
soils induced by passing trains was observed to vary in different seasons. The research first
focused on the development of a vertical train-track-subgrade coupled dynamic model, which
considered the vibration of soil layers and the time histories of loading. Second on the effect of
seasonal variations on the dynamic stress in subgrade soils, which was conducted by FEM compu-
tational simulations. Based on the results, the dynamic stress distribution and amplitudes were
closely related to the frozen or thaw states of the subgrade soil. Third on the development of a

simplified method for calculating the dynamic stress in subgrade soils induced by passing trains,
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which could be used in railway subgrade designs in seasonal frozen regions. The achievements of

this research will be useful for optimizing the subgrade design method and completing the evalua-

tion method of the long-term stability of the subgrade soil.

Key words: deep seasonal frozen region; seasonal variation; vertical train-track-subgrade coupled

dynamic model; dynamic stress ratio; maximum shear modulus equivalent
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Fig.1 The vertical train-track-subgrade coupled

dynamic model
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AR KRN 3R . OEFEEN 1.5 m, @
J£ 2.3 m.@JFE 1.1 m, FRIREARE IG5 M X
HETREN 2 m. FRW AL L RRE S OR4S
TREHEEAW L m, HELZE5Z20E 3 R, it
GRSl 7 B 5L VO B 35.85 m, TR BE B ML R DR
30 m,

2l 2k

Wi DR
%%@E\4£::3< HHO ) .
WIL@E [T T WIEGE D

g
MA@ ZE =,

. g

8 0]~ -

o
~

35.85 m | 283 m | 35.85 m
L g # +
B3 wmeask® K1229-+135 W @3t 3%
WEEM A A
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Table 1 Physical and mechanical indices of soils
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24 M (kKN +m3) #iH/kPa (me+s 1)
BIER/:S R 20.0 2.860E+05  0.30 264
BILOZ Hik 19.5 2.930E+04  0.30 123
BEQZ Wik 19.2 3.860E+04  0.30 142
BAEQRE Wik 19.0 1.067E+05  0.29 237
WIOZ ik 18 9.018E+04  0.29 224
WOZ ik 18 4.742E+04  0.30 162
WEOQZ Wil 18 4.331E+04  0.30 155
WEDZ Wik 18 1.721E4+04  0.34 98
SR+ —2C 21 6.091E+05  0.35 885
MRS+ —8C 21 1.352E+06  0.35 1381
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Fig.4 The beam element and input of dynamic loading
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Fig.5 Transverse distribution of vertical dynamic stress

on the subgrade surface in different seasons
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Fig.6 Distribution of dynamic stress ratio along the depth of

subgrade in different seasons
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Fig.7 Transverse distribution of dynamic stress on the

subgrade surface with different thickness of

frozen soil layer
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depth of subgrade with different thickness of
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