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Abstract: With the completion of the Qinghai— Tibet Railway (QTR), several types of damage
induced by traffic loads have occurred in the permafrost embankment;therefore, the safe-opera-
tion demand and speed-increasing scheme of the railway will be severely affected.Permafrost is an
important engineering characteristic of the QTR and is the main reason for the settlement de-
formation of the embankment. The embankment deformation induced by trains includes elastic
and plastic deformation. Although the residual plastic deformation will ultimately become accumu-
lative permanent deformation with an increase in load number, plastic deformation might be only

a small proportion of the total deformation in the embankment induced by a single train load.Une-
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ven deformation in an embankment is caused by excessive post-construction settling and creates a
severe negative influence on the service period of a train and on the safety and comfort of its pas-
sengers. Therefore, the accumulated settlement of embankment under the traffic load is an impor-
tant influence factor of embankment stability.Making an accurate estimate of permanent embank-
ment deformation is of great significance for guaranteeing the stability of trains and the design of
railway embankments.In this study,a Duo test section is analyzed,and on the basis of dynamic tri-
axial tests with samples taken from the QTR,an empirical accumulative plastic strain model is
created in frozen and molten states. The CREEP subroutine is used to provide a theoretical foun-
dation for calculation of permanent deformation of the QTR embankment. The results indicate
that when the depth is 2.5 m or less, the accumulative permanent deformation of the embankment
increases with an increase in train speed. However, when the depth is 8.2 m,the accumulative per-
manent deformation decreases as the train speed increases.The cumulative plastic strain increases
gradually and maintains a constant level with an increase in depth to the top of the embankment
under traffic loading and increases to maximum at the embankment center. Moreover, permanent
deformation increases with an increase in train speed.Further, the maximum deformation of the
embankment increases from 8.9 mm to 47 mm when the axle load increases from 8 t to 25 t.Be-
cause axle load has a significant influence on embankment deformation, controlling the axle load
of a train may be effective in slowing the uneven deformation of the embankment.Permanent de-
formation increases with an increase in train axle load,and the influence of the train axle load is
reduced with an increase in depth.In addition,long-term settlement in the embankment center in-
creases with an increase in the equivalent vibration.Permanent deformation increases from 31.8
mm to 35.8 mm,or 13% ,when the equivalent vibration of the train is 50 000 times and 100 000
times. After that,however,accumulative permanent deformation increased by 5.9%,3.7% ,and 2.
5% for each respective 50 000 times increase in vibration. The accumulation of permanent deform-
ation of the embankment increases rapidly in the early train run and then gradually slows.There-
fore, protection and repair of the embankment should be conducted early.Finally, the freeze-thaw
condition has a significant effect on the accumulated permanent deformation of the embankment.
The cumulative plastic deformation on the embankment surface decreases with an increase in fro-
zen depth and increases with an increase in thawed depth. The work provides experimental data for
further research on the dynamic characteristics of frozen soil.

Key words: Qinghai— Tibet Railway; embankment in permafrost regions; permanent deforma-

tion; numerical simulation; CREEP subroutine
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Fig.1 The subgrade diagram of the Anduo sec-

tion of the Qinghai— Tibet Railway(unit:

m)
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Fig.2  Schematic diagram of yield surface and

hyperbola flow potential function on p-q

plane
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Table 1 The value of A .n.m at differenet temperatrues

Tt —5 —10 —15
A 2E-12 6E-13 3.836E-18 5.15E-11
n 1.88 1.68 2.86 1.07
m —0.9 —0.883 —0.805 —0.876
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Fig.3  Simplified diagram of track-sleeper dynamic

interactive forces
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Table 4 Conditions of testing effect of velocity on permanent

deformation of embankment
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Table 5 Conditions of testing effect of number of cycle on

permanent deformation of embankment
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Table 6 Conditions of testing effect of thaw cycle on
permanent deformation of embankment
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Fig.4 Curves of accumulative plastic permanent strain and equivalent vibration cycle of points on embankment

at different speeds
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and permanent deformation of embankment cen-

ter under different freeze-thawing conditions

Curves of accumulative plastic permanent strain and equivalent vibration cycle of points on embankment at
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