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Abstract: The mechanical response of asphalt pavement under different condition of dry-wet subgrade was 
studied byBISAR3 software from the perspective of pavement mechanics． The change of the displacement, 
normal stress and shearstress of every layers were analyzed by roadbed resilient modulus and connection sta-
tus between the layers． The results shows that subgrade dry-wet state has great influence on asphalt pave-
ment structure, especially the displacement and the bottom normal stress and shear stress 
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1. Introduction 
The dry and wet condition of the roadbed is of great sig-
nificance in the design of asphalt pavement. The dry and 
wet types of subgrade are divided into 4 kinds, such as 
dry, wet, wet and over wet. The response of the subgrade 
to pavement mechanics is very different in different state. 
In the design of asphalt pavement, subgrade resilient 
modulus is a very important parameters, the modulus of 
Subgrade under different dry and wet condition changes 
greatly. In the same area, under the same natural condi-
tion, the strength of subgrade is largely related to its rela-
tive water content. In the dry condition, the strength of 
the subgrade is higher, and vice versa. The dry and wet 
type of subgrade is mainly reflected by the consistency 
and water content. Fine grained soil, sand soil and gravel 
soil by atmospheric precipitation, surface water, ground-
water, the influence of capillary water and other external 
factors, the dry and wet state happening great changes, 
including content varies with the seasons the periodic 
change and the stress state of pavement also presents 
periodic variation. At the same time, with the increase of 
water content, the increase of the subgrade humidity af-
fect the connection status of the subgrade and the bottom 
base. 

2. Dry and Wet Condition and Moisture 
content, Consistency 
The wet and dry conditions of the subgrade are divided 
into 4 types according to the consistency: dry, medium 
wet, wet and over wet; The consistency of the soil is 
more accurate to represent the relationship between the 
various forms and the humidity of the soil. The consis-
tency index combined the plastic properties of the soil, 
including the liquid limit and plastic limit, which fully 
reflects the hard and soft degree of the soil, and the phys-
ical concept is clear. Therefore, it is reasonable to use the 

consistency as an index to divide the dry and wet type of 
soil subgrade. In order to achieve the purpose of the 
study, the author chooses the different consistency of the 
roadbed to respond to different roadbed state. According 
to the highway (highway is located in the northwest soil 
loess, liquid limit and plastic limit was 32.4%, 15.6%) to 
see the area of natural zoning for dry wet type boundary 
consistency is 1.2 (dry state common lower bounds con-
sistency). 1.12,0.96,0.81. The author chooses 5 repre-
sentative consistency in the range of wet and dry type 
divided by 3 boundary   
consistency to analyze, respectively, 1.4,1.2,1.0,0.9,0.75. 
Considering the consistency of the consistency and the 
recommended value of each natural division and wet type 
division, the control analysis was carried out at 5 levels: 
8%, 11%, 14%, 17%, 20%.  

3. Relationship between Subgrade Resilient 
Modulus and Water Content 
According to the literature, the modulus of resilience of 
the subgrade and the moisture content of the subgrade are 
measured by the seasonal data, the modulus of elasticity 
of the subgrade is obtained, and the relationship between 
the water content and the time is as shown in Figure 1. 

 
Figure 1. Relationship between moisture and resilient 

modulus of soil 
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From Figure 1 it can be found that with the water content 
increase of subgrade resilient modulus decreases, and 
reduction of the amplitude of very large, containing water 
from 10% to 25%, subgrade resilient modulus decreases 
nearly 9 / 10, it can be seen that with the effect of mois-
ture content on the subgrade resilient modulus is very 
significant. It is proved that the design and construction 
of drainage system must be done in order to meet the use 
function of the project in the design and construction of 
subgrade and pavement. 

4. The Establishment of the Model and the 
Selection of Parameters 
The highway pavement structure is a typical semi-rigid 
base asphalt pavement in our country, and the related 
parameters of each layer are shown in Table 1. Using 
multilayer elastic system theory, the asphalt surface layer 
is divided into 3 layers, the upper, middle and lower 3 
layers are selected as fine, medium and coarse grained 
asphalt concrete, cement stabilized crushed stone as the 
base, lime soil as the base. 

 
Table 1. Parameters of pavement structure 

Layer Thickness h /cm Modulus of resilience E/MPa Poisson ratio 
Fine grained asphalt concrete 4 1400 0.25 

Medium grained asphalt concrete 6 1200 0.25 
Coarse grained asphalt concrete 8 1000 0.25 

Cement stabilized crushed stone base 20 1600 0.25 
Lime soil base 30 600 0.35 

 

5. Calculation Results and Analysis 
The elastic physical theory is used to calculate the elastic 
modulus and the elastic modulus of the subgrade and the 
connection state between the layers. In addition to the 
roadbed and the bottom of the connection surface a as a 
variable, the rest of the layers in a completely continuous 
state that is a=0. According to the established model and 
selected parameters, a set of resilient modulus of differ-
ent dry and wet conditions were selected, and the BI-
SAR3 software was used to calculate.  

5.1. The influence of the dry and wet condition on the 
pavement deflection 

Pavement deflection is the vertical displacement of 
pavement structure under the action of load, and it is a 
comprehensive, comprehensive and apparent index. Def-
lection is the control index of asphalt pavement design, 
and the relationship between them is shown in Figure 2, 
Figure 3. 

 
Figure 2. Relationship between pavement deflection and 

resilient modulus 

 
Figure 3. Relationship between pavement deflection and‘a’ 

As can be seen from Figure 3, the overall trend of the 2 
curves is that the road surface deflection decreases with 
the increase of the modulus of subgrade resilience, that is, 
the same trend of the different base level and the inter-
layer contact state. The elastic modulus is less than 50 
MPa, the modulus of resilience of deflection effect is 
very obvious, in this section a 50%. When the resilient 
modulus of subgrade is greater than 50 MPa, the rebound 
deflection of pavement decreases, but it is more and more 
slow. That is to say, with the increase of the modulus of 
resilience, to a certain extent, the change of the modulus 
of subgrade resilience has no effect on the deflection of 
the road surface. According to figure 3 shows, trend 
curve tends to be gentle, except for a slight change in the 
sliding state completely and other basic invariant that in 
same subgrade resilient modulus under different interlay-
er contact state road surface deflection effect can be neg-
lected. 

5.2. The influence of the dry and wet condition on the 
radial stress 

Radial stress is one of the important aspects in pavement 
mechanics. It is beneficial to understand the stress of 
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pavement, and it is also the test condition of pavement 
design. According to the data, the positive stress varies 
with depth and the stress response of each layer is shown 
in Figure 4, Figure 5. 

 
Figure 4. Relationship between normal stress and depth 

 
Figure 5. Relationship between normal stress and resilient 

modulus 

From Figure 4, we can find that with the change of the 
depth, the positive stress also changes, 5 curves show the 
same trend, that is, the different subgrade resilient mod-
ulus, the positive stress change trend with the increase in 
depth is the same. Surface layer medium pressure stress 
and tensile stress are all exist, and become a certain 
change trend, from the surface to show the compressive 
stress gradually become tensile stress, the maximum ten-
sile stress at the basic level, then pull stress decreases, 
until it tends to zero. It is proved that the bending tensile 
stress on the bottom of the pavement is the reliability of 
the design index in the pavement design. According to 
Figure 5, the bottom surface of the face layer is in a state 
of compression, the bottom of the base is in a state of 
tension, and the bottom of the base is also subjected to 
tensile stress.  
In different subgrade resilient modulus, stress in each 
structure layer reflects different characteristics. Figure 5 
shows that with the decrease of the modulus of subgrade 
resilience, the radial stress at the bottom of each layer 
increases, and the change is obvious after less than 35 
MPa. In particular, the tensile stress at the bottom of the 

base, which increases with the decrease of the modulus 
of elasticity, is extremely detrimental to pavement design. 
Due to a certain depth, so the bottom of the bottom sur-
face of the radial stress is very small, can be considered 
to have no effect. 

6. Conclusions 
The results of the comprehensive calculation and analysis 
are concluded: 
(1) Different subgrade resilient modulus of the subgrade 
strength of different dry and wet conditions, the increase 
of water content makes the modulus of resilience de-
crease sharply, resulting in the sharp increase of the road 
surface deflection, which is not conducive to the long-
term use of the road. So in the roadbed design and con-
struction of the time, we must do a good job of drainage 
system. 
(2) The connection between the bottom layer and the 
bottom layer of the subgrade has a significant impact on 
the positive strain, normal stress and shear stress of the 
present layer, but it has little effect on the other layers 
and other layers, which can be ignored. 
(3) Subbase surface tensile stress with the reduction of 
subgrade resilient modulus increased and thus more like-
ly to be ripping, does not change in the surface layer 
thickness, in the design should be appropriate to increase 
the subgrade stiffness, in order to ensure the service life 
of the pavement. 
(4) Shear stress is usually the largest in the middle of the 
surface layer, but with the relative modulus of pavement 
and subgrade resilient modulus ratio increases, the max-
imum shear stress position to move down, and even to 
the basic level. The shear stress in the surface layer and 
the connection of the basic level has the phenomenon of 
sudden change, it is because the resilient modulus of the 
base is greater than the modulus of elasticity of the sur-
face layer, and the modulus ratio is larger, and its muta-
tion is obvious. 
(5) Road surface deflection and bending tensile stress at 
the bottom of the base are very obvious with the change 
of subgrade resilient modulus. It is proved that these two 
indexes are scientific of pavement design index and other 
indicators such as shear stress. 
 
References 
[1] Wu Deming, Wang Fumin, Yin Xianglin. Analysis on CFST 

disengaging mechanism based on temperature impact[J]. Journal 
of Chongqing Jiaotong University: Natural Science, 2009, 28 (2): 
190-194. 

[2] Wu Wei. Research on Embedded Sound /Vibration Signal 
Detectingand Analysis Technology[D]. Hangzhou: Zhejiang 
University, 2006. 

[3] Zhang Jucai. Progress in and contents of the revision of 
InternationalStandard of Sound Level Meters[J]. Applied 
Acoustics, 1995(4): 42-46. 

64 
 



HK.NCCP                                         International Journal of Civil Engineering and Machinery Manufacture 
                                                                   Volume 1, Issue 2, August, 2016 

[4] Tan Qiping. A study on change regularity of resilience modulus 
ofsubgrade, moisture content, consistency as the change of 
time[J]. Heilongjiang Science and Technology Information, 
2010(10): 15. 

[5] Ma Dayou. Modern Acoustics Theory [M]. Beijing: SciencePress, 
2004. 

[6] Adams R. Vibration measurements in nondestructive testing[C] 
Thessaloniki, Greece: The 3rd International Conference on 
EmergingTechnologies in Non Destructive Testing, 2003: 27-35. 

[7] Gong Maosheng, Xie Li. Discussion on the application of 
HHTmethod to earthquake engineering[J]. World Earthquake 
Engineering, 2003, 19(3) : 39-43. 

[8] Shen Peiwen, Ding Yongcan, Zhou Shuixing, et al. Safety 
evaluationmethod and system exploitation of CFST arch 
bridge[J]. Journalof Chongqing Jiaotong University: Natural 
Science, 2011, 30(1):22-26. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

65 
 


	References

