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1  Background 
 

In recent years, the rapid development of 
high-speed railways in China has surprised the world 
with the so-called “China speed”. The total mileage of 
high-speed railway will reach 1.6×104 km by 2020. 
As a result, “High-speed Railway Diplomacy” has 
become a national strategy. In the world, many 
countries are making their high-speed railway plans. 
The safety and comfort of high-speed trains raises the 
strict demands on the performance of the track-  
subgrade system during the service life over 100 years, 
for example, strict post-construction settlement at 
millimeter level, appropriate dynamic stiffness, and 
long-term durability. Under extreme climatic condi-
tions such as heavy rainfall, persistent drought, and 
extreme low or high temperatures, long-term dynamic 
loading on the track-subgrade will cause many engi-
neering problems, including excessive settlement, 
mud pumping, cracks in the slab, large voids under 
the slab, erosion of the reinforced concrete structure.  
Those engineering problems have been found in 
many operational high-speed railways. The research 
into the problems is still insufficient.  

 

2  Dynamic response of track-subgrade 
 

The research on the dynamic response of 
train-track-subgrade has made many achievements. 
Zhai et al. (2009; 2013a; 2013b) has established a 
robust 35-degree-of-freedom vehicle-track coupled 
dynamics model. Dynamic responses of the carriages 
can be analyzed by this model in the case of carriages 
passing over curved tracks. Much research on the 
dynamic response of the subgrade has been conducted 
using analytical methods (Metrikine, 2004), 3D dy-
namic finite element method (Hall, 2003), 2.5D finite 
element method (Bian et al., 2008), field monitoring 
(Mishra et al., 2012; Verbraken et al., 2012; Cui et al., 
2014), and model tests (Chen et al., 2013; 2014a; 
2014b). Those studies have shown that the 
track-subgrade vibration is significantly associated 
with the train speed. There exists a critical train speed 
close to the Rayleigh wave velocity of the track- 
subgrade (Bian et al., 2008). When the train speed is 
slower than the critical speed the vibration level in-
creases almost linearly with the train speed. When the 
train speed equals the critical speed, the resonance of 
the track-subgrade causes a great increase in the vi-
bration level. In practice, due to the high quality of fill 
material used in the subgrade construction, the critical 
speed is always higher than the train speed. Hence, 
the resonance can hardly be observed through field 
monitoring and model tests.  

The dynamic stress on the subgrade surface is an 
important design load which is used to design the 
subgrade and the soil improvement measures. There 
are many factors that influence the dynamic stress on 
the subgrade, including carriage type, train speed, 
track type, and environmental factors. From field 
measurement, it can be found that the dynamic stress 
on the subgrade surface ranges from 15–20 kPa for 
ballastless track, and 50–100 kPa for ballast track. In 
the Chinese Code for Design of High Speed Railway 
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TB 10621 (MRC, 2009), the dynamic load magnifi-
cation factor (DLF) for the subgrade is 3.0 for a train 
speed of 300 km/h, and 2.5 for a train speed of 250 
km/h.  In the German Railway Standard Rail 836 
(2008), for a train speed of 300 km/h, the DLF of the 
slab is 1.7 to 2.1, and 1.24 to 1.5 for the subgrade. The 
influence of environmental factors, such as the une-
venness of the rail caused by the settlement of the 
subgrade, the degradation of the subgrade stiffness on 
the dynamic stress needs further study. In-situ meas-
urement or full-scale model tests can be used to study 
the distribution of dynamic stress in the subgrade.  

It is regarded that the influence depth of the 
dynamic stress on the performance of the subgrade is 
only 3 m for ballastless track. Beneath 3 m the dy-
namic stress is so small that it can be neglected. The 
distribution of the dynamic stress in the subgrade with 
the depth can be derived from Boussinesq’s solution, 
though the shape of the subgrade and the ground soil 
is not an exact elastic half-space. Most of the research 
on the dynamic stress was conducted without the 
consideration of soil improvement piles. In China, the 
soft or loose soils under the embankment will be 
improved with piles. The method for calculating the 
dynamic stress in the subgrade with Boussinesq’s 
solution should be further verified for a piled em-
bankment. It is found from a full-scale model test for 
a low embankment improved with piles that the soil 
arching (Fig. 1) changes the distribution of dynamic 
stress in the subgrade (Chen et al., 2014c): the dy-
namic stress above the pile caps is enhanced greatly; 
on the contrary, the dynamic stress above the soil 
between the caps decreases greatly (Fig. 2). The large 
number of cycles of dynamic loading on the pile cap 
will cause the accumulative settlement of the pile. It is 
found that when (SLR+CLR)<0.5 (SLR: static load-
ing ratio; CLR: cyclic loading ratio), there is no ac-
cumulative settlement of the pile in silt soils (Chen et 
al., 2011). The study on the accumulative settlement 
of the pile under a large number of cycles of dynamic 
loading should be made in future studies. 

Future research will focus on the ground and 
structure vibration due to the train passing, and pro-
tection methods will be studied for vibration sensitive 
structures. Studies on certain kinds of railway sec-
tions, such as the inhomogeneous soil profile in lon-
gitudinal and lateral directions, and transition sections, 
should be proposed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3  Post-construction settlement of the 
track-subgrade 
 

The post-construction settlement of the track 
consists of the consolidation settlement of foundation 
soils, accumulative settlement of the subgrade under 
train loading, and the accumulative settlement of 
foundation soils (or piles) under train loading. Gen-
erally, the post-construction settlement of the sub-
grade and foundation under static load belongs to a 
traditional soil mechanics problem. The post- 
construction settlement of piled embankments for 
highways are rarely considered due to the limited total 
settlement of soil improved with piles. But the 
post-construction settlement of a piled embankment 
for high-speed railways becomes important due to the 

Fig. 1  Static soil pressure in the subgrade (Chen et al., 
2014c) 
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Fig. 2  Dynamic soil pressure in the subgrade (Chen et 
al., 2014c) 
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strict demands of the settlement. Zhou et al. (2012) 
developed a semi-solution for solving the consolida-
tion of a piled embankment in soft ground. Puppala 
and Chittoori (2012) evaluated the effectiveness of 
deep soil mixing (DSM) columns for stabilizing soils 
in arresting the distress posed to the pavements. Ac-
cumulative settlement of the subgrade under train 
loadings is a hot research topic. The commonly used 
research methods are a full-scale triaxial test (Suiker 
et al., 2005; Ishikawa et al., 2011; Mishra et al., 2013), 
full-scale model tests (Chen et al., 2014a; 2014b; 
2014c), and discrete element method (Huang and 
Chrismer, 2013). It shows that these are three types of 
the plastic strain development model: plastic shake-
down, plastic creep, and incremental collapse 
(Werkmeister et al., 2005). The development model 
of plastic strain depends on the ratio between the 
dynamic stress and initial confining pressure. The 
greater the ratio is, the more likely the soil will fail. 
Experimental studies have taken the stress level, 
number of cycles, particle size distribution, and de-
gree of compaction into consideration.   

Although some approaches have been developed 
to calculate the accumulative settlement, the accuracy 
of those approaches is low. This is mainly due to the 
very small accumulative settlement and the uncer-
tainties of the soil parameters. Hence, it is better to 
propose some threshold values related to the dynamic 
soil stress to control the development of the accu-
mulative settlement. Further studies should focus on 
the influence factors on the threshold values, such as 
saturation, compaction coefficient, gradation, etc. 
Discrete element method (DEM) and computer  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

tomography (CT) are two useful measures to study 
the behavior of the subgrade. With the use of pile 
supported low embankment in soft soil area, pile 
settlement in the dynamic and static load combina-
tions has become an important part of subgrade set-
tlement. Currently research in this area is not suffi-
cient, high-speed rail design specification shave no 
clear rules and calculation methods.  

 
 

4  Long-term serviceability of subgrade 
 

During the service life of high-speed railways, 
the track-subgrade will suffer drying-wetting cycles, 
dynamic stress cycles and temperature cycles. For 
example, the variation of temperature in north China 
will be 60 °C. Nurmikolu (2012) thought it was cru-
cial to understand and take into account the frost 
action mechanism in cold climate, especially where 
seasonal frost occurs. The water content in the sub-
grade will also change greatly from the optimum 
water content during the construction to the saturation 
status during the wet season. The change of the water 
content in the subgrade has a significant impact on the 
subgrade settlement (Fig. 3, Chen et al., 2014a). Fu-
ture research tendencies will concentrate on the fol-
lowing aspects: (1) the soil-water characteristic curve 
and permeability of coarse grained subgrades; (2) the 
water movement in the subgrade under heavy rainfall. 
Then, the engineering parameters of the high-speed 
railway subgrade will be proposed, and advice about 
fine particles content, grading, and structural design 
will also be given. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3  Accumulative subgrade settlement under different water levels (Chen et al., 2014a): (a) water level is at the 
bottom of the foundation; (b) water level is at the top of the foundation; (c) water level is at the top of the subgrade 
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5  Summary 
 

The high-speed train makes strict demands on 
the long-term performance of the track-subgrade. The 
key scientific point of research on the performance of 
high-speed railway subgrade is the mechanical and 
hydraulic properties of the subgrade under the cou-
pling of dynamic cycles, dry-wet cycles, and tem-
perature cycles. Much further research work should 
be done for the maintenance of existing high-speed 
railways and the new construction of high-speed 
railways.  
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中文概要： 
 
本文题目：高铁路基近期研究 

Recent research on the track-subgrade of high-speed railways 
本文概要：随着高速铁路的快速发展，高铁路基的研究成为一大热点。目前大量的研究工作集中在高铁路

基动力响应、工后沉降和长期服役性能。这些工作促进了对高铁路基一般规律的了解，但距准

确评价路基在百年服役过程中经受干湿循环、温度变化与动荷载耦合作用下服役性能的改变尚

远。本文总结了高铁路基近期的研究成果，并提出了未来的研究方向。 

关键词组：高铁路基；动力响应；工后沉降；长期服役性能 


