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Abstract: Asphalt mixture is composed of asphalt binder with aggregates of different sizes and 

compacted under static or dynamic forces. In practical engineering, compaction is a critical step in 

asphalt pavement construction to determine the quality and service life of pavement. Since the dynamic 

response characteristics of asphalt pavement can reflect the compaction state of asphalt mixture in the 

process of compaction, the establishment of the relationship between dynamic response characteristics 

and compaction degree is definitely significant. In this paper, a series of vibration sensors were adopted 

to capture the dynamic response signal of the vibration drum and asphalt mixture in the process of 

vibrating compaction for different surface courses of pavement. Then, the change regulations of 

vibration acceleration of vibrating drum and asphalt mixture were analyzed, and the quantitative linear 

relationship was established between accelerations of vibrating drum and asphalt pavement 

compactness. Further, the concept of evaluation unit (i.e., within 2 meters along the driving direction 

of the roller) and prediction method of compaction degree were proposed as well. The results showed 

that under the same vibration compaction condition, the compaction degree values of the top, middle 

and bottom layers have obvious differences, which should be taken seriously into consideration in the 

compaction process. Meanwhile, there is little difference which respectively are 2.8, 1.3 and 0.82% 

for the top, middle and bottom layers between the compaction degrees obtained by the proposed 

method and measured test. Therefore, the average value of the acceleration peak value of vibration 

drum within the evaluation unit can be adopted as the characterization index of the compaction degree 

of asphalt pavement. The investigation of this study can provide the technical reference for compaction 

control of asphalt pavement to a large extent. 
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1. Introduction  

Asphalt pavement construction is closely related to pavement performance and durability [1,2]. 

Specifically, the compaction quality has a direct impact on the density, uniformity, pavement surface 

roughness, thickness and aggregate skeleton structure of pavement. Therefore, the asphalt pavement 

compactness is one of the main criteria of the durability of asphalt pavement, which is generally 

expressed by the ratio of the bulk density in the field to that in the laboratory for the compacted 

material [3–5]. In engineering practice, the “under compaction” and “over compaction” are prone to 

reduce the performance of asphalt mixture pavement [6,7]. Generally speaking, the physical and 

mechanical properties of “under-compacted” asphalt mixture do not reach the target compaction 

degree, that is, the compacted quality does not meet the design requirements [8]. Likewise, over 

compaction is easy to lead to aggregate breakage which makes pavement performance decline [9]. 

Therefore, the detection of compaction degree can largely judge whether the compaction quality meets 

the requirements of the specification. At present, the compaction quality of asphalt mixture is mainly 

detected by traditional method of drilling core sampling, numerical simulation and intelligent compaction 

technology [10–12]. Although the traditional core sampling method can accurately measure the density 

or compaction degree of the core samples, the core sampling has great randomness and essentially 

cannot represents a large area of pavement compaction quality. Moreover, this approach destroys the 

integrity of the pavement structure, and the location of the drill core becomes a weak area [13]. 

Therefore, the limited detection points and destructive detection method cannot ensure the uniformity 

and quality requirement of pavement compaction in the conventional spot tests [14]. 

In order to improve the compaction quality of asphalt pavement, some advanced methods have 

emerged which can be divided into numerical simulation, theoretical analysis, and field test. As a 

matter of fact, the dynamic response analysis of asphalt pavement structure is a complicated problem 

in the process of vibrating compaction. Liu et al. [15] simulated the aggregates movement and rotation 

in different asphalt mixtures (i.e., AC-11 and PAC-11) during the process of pre-compaction through 

the discrete element method incorporating finite element method. The results showed that the AC-11 

asphalt mixture with dense gradation is easier to be compacted than the porous asphalt mixture (i.e., 

PAC-11). Masad et al. [16,17] carried out a simulation of the compaction process of asphalt pavement 

under different rolling modes and pavement structure conditions through 3D DEM incorporating the 

constitutive model of asphalt mixture. Meanwhile, the influence of vibration frequency and amplitude 

of roller on the compaction quality was investigated as well. Chen et al. [11] developed a DEM model 

to simulate the vibration compaction process of asphalt mixture, and mainly focused on the 

investigation of void variation characteristics of asphalt mixture. Liu et al. [18] established a three-

dimensional model of asphalt pavement compaction based on PFC3D software (i.e., DEM simulation) 

by considering the morphological characteristics of aggregate and the influence of temperature during 

compaction. It was pointed out that displacement, rotation, contact force between aggregates and 

energy dissipation can reflect the microscopic characteristics of asphalt mixture in the compaction 

process. Nevertheless, most of the current numerical simulation studies on asphalt pavement 

compaction are limited to the laboratory scenario [19], mainly because the field compaction process 
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of asphalt pavement is greatly complex, resulting in a high degree of complexity of the numerical 

models, especially, the discrete element model, its computational efficiency and accuracy are 

extremely poor and even deviate from the actual situation. In addition, the mechanical properties and 

temperature of asphalt mixture change significantly during the compaction process, which makes it 

difficult for the numerical simulation results to present the real compaction process. 

In terms of theoretical analysis, researches presented a series of theoretical models to simulate the 

dynamic response process under vibratory roller [2,20–25]. The typical and representative studies are 

taken for instance herein. Beainy et al. [2,20–23] and Imran et al. [24] focused the theoretical modelling 

on the asphalt-roller interaction during compaction. The proposed theoretical model could take into 

account the viscoelastic-plasticity of asphalt mixture, the thickness of pavement structure, the variation 

of temperature and the vibration frequency of roller. Therefore, the proposed model can better 

characterize the dynamic characteristics of asphalt pavement in the compaction process, and make a 

great contribution to a deeper understanding of the interaction mechanism between pavement and roller. 

With the popularity of vibratory roller and the development of sensors, the intelligent compaction (IC) 

technology has been proposed in recent decades, which can monitor the pavement compaction degree in 

real time according to the IC measurement value (ICMV) reflected by the roller response [26–29]. Chen 

et al. [30] developed an intelligent system to control the asphalt pavement compaction quality in terms 

of the rolling uniformity index and rolling standard index. Jiao et al. [31] detected the vibrating 

compaction value (VCV) was by the intelligent compaction system continuously during the rolling 

process. The relationship between VCV value and compaction degree of pavement layers was fitted 

and show that the compaction uniformity of asphalt pavement is good through intelligent compaction. 

However, due to the influence of mixture type, pavement structure and roller, ICMV has poor 

correlation with field measured data and cannot accurately characterize the compaction degree of 

asphalt mixture [32]. Some researchers pointed out more attention needs to be paid to the aggregate 

movement and the dynamic response information of vibration drum in the process of vibration rolling 

for different layers of asphalt pavement [33–35]. Moreover, the investigation on the state of asphalt 

mixture from loose to dense can help adjust the construction technology to ensure the target 

compaction degree and uniformity of paving material [22,36]. As mentioned, the material type and 

pavement structure affect the compaction effect of pavement, which inevitably leads to the difference 

of compaction degree under the same vibratory rolling process conditions. Up to now, some researchers 

investigated the single layer of asphalt mixture in the field test. DAN et al. [34,35] conducted a field 

and laboratory test to investigate the response regulation of bottom layer of asphalt pavement under 

vibrating roller. PENG et al. [37] carried out a field investigation and numerical simulation related to 

the dynamic response of asphalt mixture paved on the concrete bridge deck under vibratory 

compaction. By considering the potential relationship between the movement characteristics of 

aggregate and the compactability of asphalt mixture, Yu and Shen [38] adopted SmartRock (i.e., a 

wireless sensor) to capture the movement signal data of aggregates in the process of vibration 

compaction. On basis of the collected data, a machine learning method was proposed to predict the 

asphalt pavement compactness, of which the accuracy is more than 98%. 

Although most construction personnel have extensive experience in controlling the compaction 

quality, numerous poor compaction problems such as under-compaction, over-compaction, and uneven 

pavement surfaces still occur. This kind of poor quality control of compaction can be attributed to a 

lack of understanding of the compaction mechanism between the roller and asphalt pavement. 

Therefore, in order to distinguish the influence of pavement structure and material on compaction 
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effect, sensors such as SmartRock and HCF accelerometers will be employed to monitor the dynamic 

response of aggregates in the asphalt mixture of different pavement layers and the response regulation 

of vibration drum in the vibrating rolling process. Based on the relationship between compaction 

degree and dynamic response law of different pavement layers, this paper will try to put forward the 

characterization method of compaction degree of each surface layer of asphalt pavement. The proposed 

method will also be used to predict the compaction degree of pavement, which provides the technical 

reference for compaction control of asphalt pavement to a large extent. The study content of this paper 

is organized as follows. 

Section 2 introduces the test equipment and method of vibration compaction of asphalt pavement 

in the field. Section 3 illustrates the temperature variation of asphalt layers, acceleration response 

characteristics of asphalt mixture and vibration drum during in the process of vibration rolling for top, 

middle, and bottom layers. In the Section 4, it is expected to establish the relationship between 

compaction degree and acceleration of vibrating drum, based on which the pavement compaction 

degree during the process of vibration rolling can be predicted by the acceleration of vibrating drum. 

Finally, the Section of Conclusion clarify the main results, limitation and outlook of this paper.  

2. Field test design for vibration rolling 

2.1. Pavement materials and roller 

The site of field test is located in the LM-3 and LM-4 sections of Zheng-Xi highway. The bottom, 

middle and top layers of pavement are respectively paved with AC-25, AC-20 and AC-13 asphalt 

mixture. The layer thicknesses from bottom to top are 8 cm, 6 cm and 4 cm, respectively. The gradation 

curves and asphalt binder content of asphalt mixtures are shown in the Figure 1. The double-steel-

drum vibratory roller (Dynapac CC624HF) is adopted for compacting the asphalt mixture, and the 

work parameters of vibratory roller are shown in the Table 1. 

 

Figure 1. Gradation curve and asphalt content of asphalt mixture. 
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Table 1. Work parameters of roller Dynapac CC624HF.  

Total 

weight / 

kg 

Drum weight 

/kg 

Drum size 

(diameter/width) 

/mm 

Vibration 

frequency/ Hz 

Excitation 

force / kN 

Rolling 

speed km/h 

13,600 6000 1300 × 2130 51 166 4.5 

2.2. Sensors setup 

The sensor (SmartRock) was embedded in loose asphalt mixture to capture the response signal in 

real time to investigate the particle movement and internal response of asphalt mixture in the rolling 

process. The size of the SmartRock is 27 mm × 27 mm × 27 mm, as shown in Figure 2(a). The 

SmartRock is a kind of ultra-small high temperature resistant sensor of which the size is similar to the 

coarse aggregate of bottom layer (AC-25) [35,39] and is larger than the aggregates that in top layer 

(AC-13) and middle layer (AC-20). The outer shell of SmartRock has good compatibility and 

cohesiveness with asphalt and can transmits the dynamic response data of the mixture particle by 100 

Hz sampling frequency to the computer through wireless connection. After paving the asphalt mixture, 

the SmartRock was embedded in the middle of mixture layer as shown in Figure 2b, and then the 

excavated mixture was backfilled to restore the smoothness of pavement surface. In order to facilitate 

data processing, the z-axis, y-axis and x-axis of SmartRock were corresponding to the vertical, 

transverse and driving direction, respectively. 

 

Figure 2. Setup of SmartRock (a) Schematic diagram of intelligent particle embedding; (b) 

Embedment in asphalt mixture. 

2.3. Vibration rolling test scheme 

VOGELE Super-2100 paver was used to pave asphalt mixture in pavement construction. After 

the paving is completed, the SmartRock were embedded at the preset test points which was marked 

for compaction positioning and surface temperature measurement. The SmartRock collected the 

internal response of mixture during the rolling process and received the field data through the laptop 

connected to the WDQ1 signal receiver. Meanwhile, The HCF sensor was used to collect the 

acceleration signal of vibration drum and transmitted to laptop computer through USB gateway. It 
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should be noted that the data will be collected and recorded when the roller is about 10 m from the test 

point, until the repeated rolling is completed. After each rolling of the vibratory roller, the non-nuclear 

densimeter, the infrared thermal imager recorder (FLIR) and TP700 multi-channel data recorder were 

used to measure the compaction degree, pavement surface temperature and internal temperature, 

respectively. According to the vibratory rolling construction, the bottom layer, the middle layer and 

the top layer were respectively compacted in order, and the field test picture is shown in Figure 3. 

 

Figure 3. Field test and data collection. 

3. Dynamic response of multi-layer asphalt pavement under vibratory rolling 

3.1. Temperature variation of asphalt pavement 

Generally speaking, the temperature has a great influence on the compaction performance of 

asphalt mixture. When the rolling temperature is too high, the asphalt mixture is easy to produce 

longitudinal rutting, resulting in poor pavement smoothness; On the contrary, when the rolling 

temperature is too low, the asphalt mixture is difficult to be compacted, resulting in the porosity of the 

asphalt mixture is greater than the target porosity. Therefore, the field rolling temperature of asphalt 

mixture will directly affect the compaction quality of asphalt mixture. In this paper, the surface 

temperature and internal temperature were measured synchronously during the rolling construction of 

each surface layer, and the temperature test data are shown in Figure 4. It can be seen from the Figure 

4a that the surface temperature of asphalt mixture decreases continuously during the rolling process, 

and the lowest temperature is about 90℃ when the rolling is completed. The pavement surface 

temperature drops of the top, middle and bottom layers are 34.82, 39.31 and 34.65% respectively. The 

temperature changes of different surface layers are similar, and gradually decreases with the number 

of rolling times. According to the Figure 4b, the internal temperature of asphalt mixture with different 

surface layers increases first and then decreases in the process of rolling. Among them, the internal 

temperature of the top layer starts to show the turning point of temperature decrease at the earliest, 

while the internal temperature of the bottom layer decreases at the latest. This indicates that the larger 

the aggregate size of asphalt mixture and the layer thickness, the less likely the internal heat of the 
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mixture is to lose during the rolling process. Therefore, in order to ensure the compaction effect of 

asphalt pavement, the thin layer with faster heat dissipation needs to improve its compaction efficiency. 

 

Figure 4. Temperature variation for surface and internal pavement, (a) pavement surface 

temperature v.s. rolling times; (b) internal temperature of asphalt mixture v.s. time. The 

abbreviation BL, ML, and TL represents the bottom layer, middle layer and top layer, 

respectively. 

3.2. Acceleration response characteristics in asphalt mixture 

In order to eliminate the noise of signal, according to the band-pass filtering method [35], the 

field measured data of internal response were processed, and the acceleration data of each layer after 

each rolling is obtained as shown in Figures 5(a), 6(a) and 7(a). 

According to the acceleration time-history curve of asphalt pavement in the bottom, middle and 

top layers during the vibration rolling process, it can be found that there are obvious acceleration 

vibration responses in the z-, x- and y- directions. When the drum of the vibratory roller passes above 

the SmartRock, the acceleration in the three directions has obvious fluctuation, and the peak value in 

the z-direction (vertical direction) is the largest, while the peak value in the other two horizontal 

directions is relatively small. Moreover, it can be seen that the acceleration response of asphalt mixture 

is mainly concentrated in the vertical direction in the process of vibration rolling. 
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Figure 5. Internal dynamic response of asphalt mixture in the bottom layer, (a) 

Acceleration time history curve; (b) peak value of acceleration of asphalt mixture for 

different compaction times. 

 

Figure 6. Internal dynamic response of asphalt mixture in the middle layer, (a) 

Acceleration time history curve; (b) peak value of acceleration of asphalt mixture for 

different compaction times. 
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Figure 7. Internal dynamic response of asphalt mixture in the top layer, (a) Acceleration 

time history curve; (b) peak value of acceleration of asphalt mixture for different 

compaction times. 

The peak values of x-, y- and z- accelerations of each rolling are plotted as scatter diagram, and 

the relationship between the number of rolling times and peak values of acceleration are obtained by 

fitting for the bottom, middle and top layers, which are shown in Figures 5(b), 6(b) and 7(b), 

respectively. As can be seen from these figures, the peak acceleration of each pavement layer shows a 

decreasing trend with the progress of vibration and rolling. For the acceleration of the mixture in the 

bottom layer, the peak accelerations in the z-direction, x-direction and y-direction are 0.9108, 0.6157 

and 0.1151 g in the first rolling, while the accelerations in the three directions are 0.1646, 0.1154 and 

0.01656 g in the seventh rolling. It can be interpreted that the asphalt mixture is in a relatively loose 

state before rolling, and the aggregate particles move violently with large displacement for the first 

and second times of rolling. Then the dense skeleton of asphalt mixture is basically formed, and the 

acceleration changes tend to be basically stable. It also can be found that the acceleration drops sharply 

after three times of vibration rolling, which indicates the first three times of rolling can make the 

asphalt mixture in a relatively dense state, but it still does not meet the specification requirements. 

As mentioned above, the peak acceleration of aggregate particles mainly concentrated in the 

vertical direction (z-direction) and that in rolling direction (x-direction) is relatively lower, and the 

relationship between the rolling times and peak acceleration in these two directions are very high, 

while the acceleration in lateral direction (y) has extremely low correlation with rolling times. It can 

be concluded that the compaction work (energy) is mainly contributed to vertical compaction 

deformation and forward rubbing, while the lateral extrusion effect is not obvious. 

Based on the fitting curve in the Figures 5–7, the relationship between peak acceleration and 

rolling times can be also established in logarithmic coordinate system, and the linear relationships are 

obtained as shown in Figures 8 and 9. It can be found that the line slope reflects the compaction ability 

of asphalt mixture, that is to say, the greater line slope (namely |k|) of the asphalt mixture has better 

compatibility, and can very likely quicker to form stable solid structure [33]. 
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It can be seen from Figures 8 and 9 that the slope of the fitting curve of the lower layer |k|BL (line 

slope for bottom layer) is the largest and the |k|TL (line slope for top layer) is the smallest. That is to 

say, in the process of vibration compaction, the acceleration of asphalt mixture in the bottom layer 

changes faster with the rolling times than that in the top layer. It fully indicates that the properties of 

the underlying layer will affect the compaction quality of the compacted material under the same 

compaction conditions. Meanwhile, it shows that the asphalt mixture of the bottom layer can form a 

stable skeleton structure quickly by vibration rolling on site. However, it should be pointed out herein 

that faster skeleton structure formation does not mean higher final compacting degree because it is 

related to the gradation of the compacted material as well [33]. In general, the skeleton structure of 

asphalt mixture is mainly composed of coarse aggregate embedded squeeze each other, and the bottom 

layer mixture of the particle size is larger to form a stable skeleton structure faster. Obviously, it leads 

to internal mixture of coarse aggregate skeleton structure is difficult to move even though absorb more 

energy from the vibratory roller compaction. Therefore, the mixture with larger particle or coarse 

grading material may be difficult to be completely compacted and requires more rolling times. 

 

Figure 8. Fitting curve of vertical acceleration verse times of roller compaction. 
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Figure 9. Fitting curve of vertical acceleration of rolling direction verse times of roller compaction. 

3.3. Acceleration response characteristics of vibration drum 

According to the internal acceleration data of the mixture collected by the SmartRock in the field 

test, it can be found that the acceleration response is concentrated in the time range of about 1.6 s, 

while the acceleration amplitude outside the time range is not obvious and decreases quickly with 

roller drum passing, as shown in Figure 10. As mentioned in Table 1, the moving speed of the roller is 

about 4.5 km /h, and it can be evaluated that the distance range of the vibration drum passing on the 

measuring point is about 2 m. Therefore, the testing distance range of vibration acceleration for 

investigation was set as 2 m in this paper which is 1 m before and after the location of embedded 

Smartrock, as shown in the Figure 11. 

 

Figure 10. Acceleration response range within the asphalt mixture. 
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Figure 11. Vibration acceleration test area. 

During the field compaction test, the HCF wireless acceleration sensor was used to collect the 

acceleration signal of the vibrating drum, and the acceleration curves of the vibrating drum in the test 

area during the rolling of the bottom, middle and top layers are plotted and shown in Figures 12–14. 

According to vibration drum acceleration curve, the vibration drum of roller is not a single 

harmonic motion, but a complex motion superimposed by many different amplitudes in the field 

rolling process. It shows that the dynamic response of the roller drum in the system composed of 

the roller and asphalt mixture changes constantly and is affected by the compacted material. Based 

on the characteristics of vibration acceleration curve, the peak value within a single vibration cycle 

of the vibrating drum is defined as the representative value of vibration acceleration (as shown in 

Figure 15(a)), and the representative value curve of acceleration in the test area can be obtained as 

shown in Figure 15(b). 

 

Figure 12. Acceleration of the vibrating drum when rolling the top layer of pavement. 
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Figure 13. Acceleration of the vibrating drum when rolling the top middle of pavement. 

 

Figure 14. Acceleration of the vibrating drum when rolling the bottom layer of pavement. 

The average value of peak vibration acceleration in the test area during each rolling is taken as 

the representative value, and the fitting curve relationship between the representative vibration 

acceleration value of each surface layer and the compaction times can be established in the logarithmic 

coordinate system, as shown in Figure 16. It can be seen that the vibration acceleration increases in 

the rolling process, and the slope of the fitting curve of vibration acceleration of the top layer is the 

largest, while that of the bottom layer is the smallest. It indicates that the mixture of the bottom layer 

is easier to form the skeleton structure and the particles interlock with each other thereby resulting in 

slow growth of vibration acceleration. 
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Figure 15. Vibration acceleration characteristic of roller drum. 

 

Figure 16. Vibration acceleration fitting curve of roller drum verse rolling times. 

Through the internal acceleration of the mixture collected by the SmartRocks, it can be seen that 

the internal acceleration and vibration acceleration of the mixture have a high linear correlation with 

the number of rolling times. As a matter of fact, the internal acceleration of the mixture can reflect the 

mechanical properties of the compacted material. In order to further investigate the relationship 

between compaction degree of asphalt pavement and the response information of vibrating drum, the 

relationship between the accelerations of asphalt mixture and vibrating drum is established at first and 

shown in Figure 17 and the Eqs (1) to (3). 

 
2

roller
Bottom layer Acc 0 04705Acc 2 248  = 0 9411. . ( . )

z
= − + R  (1) 

 
2

roller
Middle layer Acc 0 01741Acc 1 026  = 0 9855. . ( . )

z
= − + R  (2) 
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 2

roller
Top layer Acc 0 01012Acc 0 5505  =0 9883. . ( . )

z
= − + R  (3) 

 

Figure 17. Relationship between acceleration of mixture and acceleration of vibration drum. 

4. Evaluation and prediction of compaction degree 

4.1. Establishment of relationship between compaction degree and acceleration of vibrating drum 

As mentioned in the Section 2.3, the compaction degree is obtained by a non-nuclear densimeter 

on site after each vibration rolling. Meanwhile, the dynamic response of the aggregates in asphalt 

mixture can be also captured by the acceleration. Taken the z-direction acceleration as example, the 

relationship between acceleration and compaction degree can be established respectively for top, 

middle and bottom layers (See the Figure 18), which have a good linear correlation and are expressed 

in Eqs (4)–(6). As shown in the Figure 17, it is a very obvious correlation between the accelerations of 

vibrating drum and asphalt pavement. Further, by combining Eqs (1)–(3) and (4)–(6), the calculation 

expression of compaction degree of each surface layer can be obtained based on the acceleration of 

vibrating drum, as shown in Eqs (7)–(9). 

 Bottom layer: 
20.05562 0.9813 ( 0.9449)ZK Acc R= − + =  (4) 

 Middle layer: 
2K 0.1524Acc 0.9925 ( 0.9629)Z R= − + =  (5) 

 Top layer: 
2K 0.2272Acc 0.9848 ( 0.9761)Z R= − + =  (6) 

 BL roller, BLK 0.002617Acc 0.8563= +
 (7) 

 ML roller, MLK 0.002653Acc 0.8361= +
 (8) 

 TL roller,TLK 0.002474Acc 0.8503= +
 (9) 
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Figure 18. Relation of compaction degree and vertical acceleration of asphalt mixture in 

rolling process. 

4.2. Prediction of asphalt pavement compaction degree 

Based on the calculation of compaction degree mentioned in the Section 4.1, the predicted 

compaction degree of asphalt pavement in the rolling process is obtained according to the vibration 

acceleration data measured in the field and illustrated for different rolling times in the Figures 19–21. 

The comparison between predicted and tested results are shown in the Table 2. 

Taken the Figure 19 as an example, the left half figure indicates the different compaction degree 

for each rolling time along the driving direction of vibration rolling. The color bar shows the range of 

compaction degree in which the red color represent the high value. Therefore, it can be seen that the 

low compaction degree for the first rolling time with yellow color. What’s more, the color gradually 

changes from yellow to red and the color gradually deepens form the top to down. It demonstrates the 

compaction degree gradually grows up with the number of rolling time. In the Figures 19–21, each 

square represents a test area for each time (2.13 m × 2.0 m), and the value of compaction degree is 

plotted in a line chart which indicates the value fluctuation along the driving direction. The average 

vale of compaction degree for each rolling is calculated and listed in the Table 2. After the field surface 

construction is completed, random drilling core sampling is carried out in the test area, and the actual 

compaction degree of asphalt surface is calculated based on the standard density of asphalt mixture in 

each surface layer. 

It can be seen from Table 2 that the calculated compaction degree is lower than the measured 

compaction degree, because the average value of the vibration drum acceleration peak within the range 

of the test area is used in the prediction of the compaction degree, and the maximum acceleration peak 

value of the vibration drum is adopted in the expression of the relationship between the compaction 

degree and the vibration drum acceleration. Therefore, the predicted compaction degree is lower on 

the whole, that is, the actual compaction degree is underestimated. It can be inferred that the use of 
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peak vibration acceleration may cause the predicted value to be greater than the measured value of 

compaction degree, which will lead to premature stop of rolling and the actual compaction degree is 

not up to the requirements of relevant specification to compactness control. Therefore, the predicted 

value would rather be small than large, which is a conservative choice from the point of view of 

practical engineering. At the same time, from the comparison between the predicted value of 

compaction degree and the measured value of the top, middle and bottom layers, the difference of the 

top layer is larger, which is very likely due to the difference between the size of SmartRock and the 

aggregate size of the top layer, which leads to the test of vibration acceleration deviating from the real 

acceleration value of aggregate. As a whole, it can be considered that it is reasonable and accurate to 

use vibration acceleration to predict the compaction degree of asphalt pavement. 

 

Figure 19. Prediction of compaction degree for the bottom layer of asphalt pavement. 

 

Figure 20. Prediction of compaction degree for the middle layer of asphalt pavement. 
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Figure 21. Prediction of compaction degree for the top layer of asphalt pavement. 

Table 2. Comparison of compaction degree (CD) for final rolling. 

Surface course 

Average CD (%) 

Variance 

Average CD (%) 
Difference 

(%) 
Calculation Test 

Top layer (AC-13) 95.5 1.1 98.2 2.8 

Middle layer (AC-20) 96.9 1.5 97.9 1.3 

Bottom layer (AC-25) 96.5 1.7 97.3 0.82 

5. Conclusions 

In this paper, the dynamic response characteristics of asphalt mixture under the condition of 

vibration rolling were revealed through field test from the particle scale, and the variation regulations 

of compaction degrees of different asphalt layers (i.e., top, middle and bottom) under the same 

compaction process conditions were illustrated. Furthermore, the quantitative relationship between the 

peak value of vibrating drum acceleration and the pavement compaction degree was established, and 

the compactness in the process of compaction were predicted, which provides technical reference for 

the compaction control of asphalt pavement. The following summary and conclusions can be drawn in 

brief. 

1) The peak acceleration of aggregate particles mainly concentrated in the vertical direction (z-

direction) and that in rolling direction (x-direction) is relatively lower. It indicates that the compaction 

work (energy) is mainly contributed to vertical compaction deformation and forward rubbing, while 

the lateral extrusion effect is not obvious. 

2) According to the characteristics that the acceleration response is concentrated in the time range 

of about 1.6 seconds, and the compacting degree evaluation unit is determined to be within 2 meters 

along the driving direction of the roller. 

3) The asphalt mixture in the bottom layer can forms a skeleton structure more quickly, resulting 

in more difficult movement of particles and absorption of more compaction energy from the roller, 

which is difficult to compact and requires more compaction times. 
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4) The different slopes of linear relation between peak value of aggregate acceleration and rolling 

times show the degree of difficulty of compaction that the top layer is relatively hard to be compacted 

due to the influence by the middle and the bottom layers under the same compaction conditions. 

5) It is reasonable and accurate to use acceleration of vibrating drum in the proposed evaluation 

unit to predict the compaction degree of asphalt pavement which provides technical reference for the 

compaction control of asphalt pavement. 

Although the compaction dynamic response of different asphalt surface layers were tested in this 

paper, there are some problems that need further consideration. First, the size of SmartRock is larger 

than that of the top layer (AC-13) and the middle layer (AC-20), the vibration acceleration of the tested 

aggregates may deviate from the real value. Second, the increase of compaction degree of asphalt 

mixture is accompanied by the decrease of temperature, which leads to the decrease of vibration 

acceleration of asphalt pavement in the process of vibration rolling. Therefore, field test cannot 

independently distinguish the quantitative influence of temperature on vibration response. Most 

importantly, the linear relation between the compaction degree and the acceleration of the vibrating 

drum established in this paper is only accurately applicable to this working condition. The type of 

pavement material, pavement structure and construction environment (temperature and wind speed) 

will have certain influence on the linear relation. Therefore, if the linear relation is applied to predict 

the compaction degree of pavement in the process of compaction, it is necessary to calibrate the linear 

model in advance to determine more accurate slope and intercept. 
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