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Abstract 

This paper establishes a high-fill roadbed model through finite element software to 
simulate the settlement generated in the roadbed during the layered filling process to 
reflect the degree of compaction of the roadbed, and proposes construction suggestions 
for the project based on the numerical simulation results combined with the actual 
engineering conditions. And the simulation analysis of the post-work settlement after 
the completion of the roadbed filling continued, and it was found that the left side of the 
roadbed's would produce more settlement under the same filling quality control due to 
the larger filling thickness, so the filling quality needs to be more strictly controlled. 
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1. Introduction 

Nowadays, the construction of highways usually requires bridges or roadbed filling works. The 
filling height and quality of the roadbed have a great impact on the quality of the road. In 
particular, the high fill roadbed project, due to its huge amount of filling, easy to produce uneven 
settlement, in the construction of high fill roadbed filling quality is required to strictly control, 
to ensure that the road in the future use of the road will not occur in the process of uneven 
settlement and other road damage. In this paper, we use the finite element simulation software 
Midas Gts NX to model the high fill roadbed for numerical simulation of layered filling, find out 
the optimal working condition setting, and study and analyze the post-work settlement to 
provide suggestions for engineering construction..  

2. Simulation Analysis 

2.1. Computational modeling  

A three-dimensional roadbed settlement model was established for the high fill roadbed using 
Midas GTS NX. By setting the boundary conditions, self-weight, drainage consolidation, 
vibration load and other conditions to analyze the settlement deformation of the high fill 
roadbed under vibration rolling. Model dimensions are as follows: the height of the high-fill 
roadbed is 22m, divided into three levels of side slopes, the slope rate above 8m is 1:1.5, the 
slope rate below 8m is 1:1.75, the variable slope with a 2m wide platform, the top of the model 
for the original roadbed width of 35m. model parameters are mainly: moisture content, bulk 
weight, saturated bulk weight, Poisson's ratio. Detailed parameters are shown in Table 1 below. 

Table 1: Soil material parameters  

Water content Capacity（kN/m3） Saturated capacity（kN/m3） Poisson's ratio 

10% 20.8 22.1 0.35 
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2.2. Analysis of calculation results  

The high fill roadbed layered filling model is set according to the excitation force of the 
vibratory roller used at the construction site, the moisture content of the filled soil body, the 
thickness of the layered filling and the number of rolling passes, and the high fill roadbed soil 
body is modeled by Midas GTS NX finite element software with different excitation forces and 
the number of rolling passes for layered filling, and the displacement of the soil body is analyzed 
in the calculation results of the high fill model, and the calculation cloud of the fill settlement is 
shown in Figure 1 below.  

 
Figure 1: Settlement cloud of fill roadbed  

According to the analysis of the settlement cloud diagram obtained from the modeling 
calculation, we can get: when the vibratory roller with 590kN excitation force on the roadbed 
layered filling thickness of 0.3m soil with 10% moisture content for 25 times impact rolling, 
when the roadbed filling reached to the top of the primary roadbed, due to the impact of the 
roller and the gravity of the filling soil body itself makes the filling soil body produced a 
significant settlement. The maximum displacement of the soil body is mainly generated in the 
slope shoulder position, and gradually decreases with the increase of depth, of which the 
maximum settlement is 19.543cm. When the roadbed is filled to the top of the three-stage 
roadbed, the impact of the roller and the gravity of the filled soil makes obvious settlement 
within the filled soil, the maximum displacement of the soil mainly occurs at the shoulder 
position (blue area in the figure), and the settlement gradually decreases with increasing depth, 
the maximum settlement is 47.717cm. Figure 2(a) below shows the maximum settlement of the 
filled soil by Figure 2(a) below shows the distribution curve of the settlement volume of the 
roadbed slope platform at the filling height of 6m, 14m and 22m respectively after the layered 
filling and compacting. Settlement trend with the distance from the shoulder shows the change 
process of increasing and then decreasing, the peak of settlement basically appears in the 
position of about 3m from the shoulder, which is mainly due to the existence of the excavation 
steps below, and in order to maintain the stability of the edge of the roadbed fill soil body, the 
edge of the soil body to take a relatively small excitation force makes the location of the relative 
fill thickness is larger, resulting in the location of the largest settlement. And with the increase 
of the roadbed filling height, the settlement amount gradually increases, and its rate of increase 
is more and more rapid. Figure 2 (b) for the high-fill roadbed layered filling process with the 
increase in filling height, settlement shows a rising trend, when the filling height to 6m and 12m 
is the top of the first and second slope for the next level of filling, due to the vibratory roller 
stopped working, due to the unloading rebound settlement was reduced by 5.81cm and 6.1cm 
respectively. when the high-fill roadbed soil filling is completed, the soil body appears larger 
rebound, reaching The reason is that when the unloading rebound occurs in the first and second 
slope, there is still a part of the self-weight load of the soil above the soil body, and when the 
filling is completed, there is no load on the top soil body for pressure, resulting in a large 
rebound of the soil body. 
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(a)                                                                                   (b)                                            

Figure 2: Comparison of settlement for different filling heights 

Since increasing the number of rolling and decreasing the thickness of layered fill will greatly 
increase the construction period and capital investment, in order to shorten the construction 
time and capital investment, the calculation of layered fill thickness of 0.3m, 0.4m and 0.5m is 
modeled on the basis of the previous model. The maximum settlement of the roadbed is 
33.135cm when the thickness of layered fill is 0.3m, and it is mainly generated in the shoulder 
position. The maximum settlement of the roadbed was 32.94cm when the thickness of the 
layered fill was 0.4m, and it was mainly generated at the shoulder position. When the thickness 
of roadbed layered filling is 0.5m, the maximum settlement of roadbed is 31.561cm, and it is 
mainly produced at the shoulder position. From Figure 3 (a), it can be seen that when the 
layered filling thickness is 0.3m, the settlement is the largest and the soil is the densest, but the 
difference between the layered filling thickness of 0.4m and the settlement of 0.3m is small, 
99.41% of that of 0.3m, and almost no change. Under the premise of ensuring construction 
quality, from the perspective of saving construction time and capital investment, it is 
recommended that the thickness of roadbed layered filling be set at 0.4m a layer. On the basis 
of the thickness of the roadbed layered filling set to 0.4m a layer will be optimized on the 
number of rolling, the number of rolling for 5, 10, 15, 20, 25 times for modeling calculations. 
The maximum settlement of the roadbed is 29.753cm when the roadbed is filled with soil for 5 
times, and it is mainly generated at the shoulder position. The maximum settlement of the 
roadbed was 32.513 cm when the roadbed fill was rolled 10 times, and it was mainly generated 
at the shoulder position. When the roadbed fill was rolled for 15 times, the maximum 
settlement of the roadbed was 32.62cm, and it was mainly produced at the shoulder position. 
When the roadbed fill was rolled 20 times, the maximum settlement of the roadbed was 
32.81cm, and it was mainly produced at the shoulder position. The maximum settlement of the 
roadbed was 32.94 cm when the roadbed fill was rolled for 25 times, and it was mainly 
generated at the shoulder position. From Figure 3 (b) can be seen when increasing the number 
of rolling of the roadbed filling soil, the amount of settlement generated by the soil will also 
increase, but the settlement curve gradually slows down, and its growth rate gradually 
decreases; under the premise of ensuring construction quality, from the perspective of saving 
construction time and capital investment, it is recommended that the thickness of the roadbed 
layered filling is set to 0.4m a layer, and the number of rolling is set to 10 times. Therefore, 
under the premise of ensuring the construction quality, combined with the construction time 
and the comprehensive consideration of capital investment, the layered filling of high fill 
roadbed is set as that the rolling pressure is 590kN, the moisture content is 10%, the number 
of rolling is 10 times, and the layered thickness is 0.4m. 
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(a)                                                                                   (b)                                            

Figure 3: Settlement in relation to layered thickness and number of compaction 

3. Conclusion 

In this paper, we use Midas GTS NX to model and analyze the water content of fill material, 
rolling pressure, layered filling thickness and rolling times in the process of high fill roadbed 
filling, and optimize the layered filling setting for high fill roadbed to 10 times with a layered 
thickness of 0.4 m under the comprehensive consideration of construction time and capital 
investment. In addition, the filling quality of the left side of the roadbed needs to be controlled 
more strictly to avoid the generation of uneven settlement. 
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