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Abstract: In order to reveal the changing law of the mechanical response of asphalt pavements under the action of 

vehicle load and provide references for the design of durable pavements, three typical asphalt pavement structures with 

flexible base (S1), combined base (S2), and semi-rigid base (S3) were selected to perform field strain tests under static 

and dynamic load using the fiber Bragg grating optical sensing technology. The changing characteristics of the strain 

field along the horizontal and depth directions of pavements were analyzed. The results indicate that the most 

unfavorable asphalt pavement layers were the upper-middle surface layer and the lower base layer. In addition, the most 

unfavorable loading positions on the surface layer and the base layer were the center of wheel load and the gap center 

between two wheels, respectively. The most unfavorable layer of the surface layers gradually moved from the lower 

layer to the upper layer with the increase of base layer modulus. The power function relationships between structural 

layer strain and vehicle speed were revealed. The semi-rigid base asphalt pavement was the most durable pavement type, 

since its strain value was the lowest compared to those of the other structures. 
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1 Introduction 
 

Numerous studies [1-3] have demonstrated 

that the fatigue life of asphalt pavement is directly 

related to the tensile strain at the bottom of each 

structural layer, which has also been commonly 

used as one of the design indexes in the asphalt 

pavement design of many countries [4, 5]. 

Therefore, accurate and reliable testing methods 

that investigate the strain response characteristics of 

these structures are particularly important for the 

design of durable asphalt pavements. 

In recent years, fiber Bragg grating (FBG) 

sensors have been widely used in the study of the 

pavement mechanical response because of their 

high sensitivity, small variability, and good 

cooperative deformation with the pavement 

structural layers [6-11]. For example, Tan et al. [12] 

found that the strain value of each pavement 

structural layer increases with the decrease of 

vehicle speed and the increase of specific ground 
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pressure, while the maximum strain value occurs at 

the middle surface layer. Assogba et al. [13, 14] 

analyzed the vehicle speed and load weight level 

effect on the dynamic response of semi-rigid base 

asphalt pavement, and they found that the tensile 

strain at the bottom of the asphalt layer is less than 

the critical strain of a conventional pavement 

structure with an ordinary asphalt mix. Dong et al. 

[15] measured the strain of asphalt surface layers in 

three-directions, and the results showed that the 

strain response at the bottom of the structural layers 

decreases with the increase of vehicle speed. In 

addition, Dong et al. [16, 17] measured the 

longitudinal and transverse dynamic strains at the 

bottom of semi-rigid base asphalt pavement layers. 

It was found that under dynamic loading, the 

longitudinal strain of the lower surface layer 

alternate both state tensile and compressive strain, 

while the transverse strain is relatively complex 

with significant differences among various load 

positions. Zhang et al. [18, 19] found that under 

dynamic loading, the tensile strain of the semi-rigid 

substrate is proportional to load and inversely 

proportional to vehicle speed. Pan et al. [20, 21] 

developed theoretical models to determine the 

strain at the bottom of the pavement layers by 

changing the axle load and vehicle speed. The 

changing law from the compressive peak to tensile 

peak ratio of the dynamic longitudinal strain with 

vehicle speed was obtained. Altarawneh et al. [22] 

reported that the strain of flexible base asphalt 

pavement under static load increases with the 

increase of vehicle load. Based on field-measured 

data, Patricia et al. [23] revealed that the strain 

duration curve in flexible base asphalt pavement 

alternates tensile and compressive characteristics. 

Giorgio et al. [24] established a nonlinear model for 

the strain in flexible base asphalt pavement layers 

changing the temperature. It was found that the 

peak strain increases with the increase of 

temperature. Ramin et al. [25] monitored the field 

performance of waste tire-based permeable 

pavements and obtained the strain evolution over 

time. 

In the available literature, the strain response 

of pavement structures has been discussed from 

different angles. These studies have mainly focused 

on the qualitative and simple quantitative analysis 

of dynamic and static strains, hence there is a lack 

of a quantitative model to determine the change in 

strain with field load conditions, while they do not 

effectively unify the dynamic and static strains. 

Moreover, in most field strain tests, the loading 

point is fixed, and there are few systematic studies 

reporting field strain measurements at different 

points. Conducting strain response test at different 

loading positions has a significant effect on 

determining the accurate location of the most 

unfavorable load position and improving current 

asphalt pavement design methods based on the 

strain index of the layer bottom. Furthermore, most 

studies have focused on a single type of pavement 

structure. However, there are many types of asphalt 

pavements [26], among which the semi-rigid base 

asphalt pavement is the main structure in China, 

while the flexible base asphalt pavement is the main 

structure in Europe and America. Due to the 

difference in composition materials, compaction 

methods, and structural layer thicknesses [27, 28], 

there are significant differences between these 

pavement types, consequently their strain responses 

cannot be easily unified. Therefore, it is necessary 

to perform a comparative study on the strain 

response characteristics of different typical 

pavement structures, analyze their similarities and 

differences, and draw some conclusions with strong 

universality. 

In this paper, three typical asphalt pavement 

structures, namely, flexible base, combined base, 

and semi-rigid base, were selected to perform static 

and dynamic field strain tests at different load 

positions and under different vehicle speeds using 

the FBG optical sensing technology. The changing 

laws of strain response in the horizontal and depth 

directions of pavement were investigated. A unified 

model of strain response under dynamic and static 

loading with vehicle speed was developed based on 

the measured strain results. The advantages and 

disadvantages of the three pavement structures were 

analyzed based on the obtained result strain 

magnitude. The research results can provide a 

reference for the design of durable asphalt 

pavements. 

 

2 Test scheme 
 

2.1 Pavement structure of test section 

Field tests were conducted on an expressway 

in China. Straight road sections with similar 

subgrade conditions were selected, on which 
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flexible base asphalt (S1), combined base asphalt 

(S2), and semi-rigid base asphalt (S3) pavements 

were paved. The form and material composition of 

the tested sections and the compressive resilient 

modulus and Poisson ratio of the materials in each 

structural layer are presented in Fig. 1. The 

compressive resilient modulus was obtained by the 

inverse calculation of the field bearing plate test. 

The construction of the test sections complied with 

the requirements of the Chinese Standard JTG 

F40-2004 [29]. The road materials included asphalt 

concrete (AC), asphalt-treated base (ATB), cement 

stabilized macadam (CSM), graded macadam (GM), 

and non-screening macadam (NSM).  

 

2.2 Field sensor layout scheme 

2.2.1 Sensor type 

Fig. 2(a) shows the FBG strain sensor 

(CB-FBG-EGE-100; standard distance: 8 cm) with 

embedded GFRP(Glass Fiber Reinforced Plastic) 

encapsulation, which was used to measure the 

longitudinal and transverse strains at the bottom of 

 
Figure 1 The three typical pavement structures 

     
Figure 2 Test equipment: (a) Strain sensor; (b) Temperature sensor; (c) Demodulator and laptop 

(a) (b) (c) 
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each structure layer. Fig. 2(b) shows the FBG 

temperature sensor (FBG-IT-01) with sensitizing 

encapsulation, which was used to measure the 

temperature at each structural layer and compensate 

for the temperature of the strain sensor. Fig. 2(c) 

shows the optical signal processing test equipment, 

which included an FBG signal demodulator, laptop, 

and test system software. 

2.2.2 Layout scheme 

The sensor was embedded in the structure 

layer prior to construction. In other words, when the 

construction of the previous structural layer was 

completed, and a superficial loop groove was 

excavated on its surface immediately. Afterward, 

the sensor was embedded in the surface of the 

structural layer, and it was covered and compacted 

by a small amount of cement mortar or asphaltic 

sand. This way can make the sensor was accurately 

positioned and protected. This pre-embedding 

method can further reduce the area and depth of the 

excavation groove, while it does not affect the 

normal construction of the road surface and its 

continuity. This solves the contradiction between 

the sensor survival rate and pavement integrity. The 

layout of the sensors is shown in Fig. 3. On the 

centerline of the wheel track belt, the longitudinal 

and transverse strain sensors were embedded at the 

bottom of each layer from the upper layer to the 

base layer, while the temperature sensors were 

embedded in the shoulder at the same horizontal 

position. The standard distance between the strain 

sensors in the same layer was 60 cm. 
 

2.3 Field test scheme 

In order to capture the strain distribution of 

each structural layer at different loading positions 

under the same axial load, the strain duration curves 

were measured at seven characteristic points, 

namely, A (center of the gap between two wheels), 

B and B (center of wheel load), C and C (outer 

edge of wheel load), D and D (lateral locations of 

wheel load). The waveform and peak values of the 

obtained curves were analyzed. The loading 

condition is shown in Fig. 4. During the field test, 

the relative position between the sensor and wheel 

load can be altered by the parallel movement of the 

wheel load. A is the coincidence point of the gap 

center between two wheels and the center of the 

sensor, B and B are the coincidence points of the 

center of single wheel and the center of the sensors, 

C and C are the coincidence points of the lateral 

edge center of single wheel and the center of the 

sensors, and D and D are the points located 40 cm 

away from the center of the gap between two 

wheels and the center of the sensors. 

 
Figure 4 Schematic diagram of wheel load model (unit: 

cm) 

A standard vehicle with a single axle and two 

wheels per side was selected as the test vehicle. In 

the test, the left rear wheel of the standard vehicle 

with a rear axle load of 100 kN weighed by an 

 
Figure 3 Sensor layout scheme: (a) Model disgram; (b) Field construction 

(a) (b) 
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electronic scale was used to load directly, as shown 

in Fig. 5. Considering the viscoelasticity of the 

asphalt layer and the feasibility of the testing time, 

it was determined that the loading (for 15 minutes) 

and unloading (for 5 minutes) data would be 

uniformly collected in the static load tests. Each test 

started 12 hours after unloading to ensure that the 

deformation was fully recovered. In the static load 

tests, the demodulator scanning frequency was 10 

Hz. 

 
Figure 5 Loading using standard vehicles 

In order to consider the effect of vehicle speed 

and load position on the dynamic strain response of 

the pavement structure, five vehicle speeds of 5 

km/h, 15 km/h, 30 km/h, 45 km/h, and 60 km/h 

were selected tested under an axle load of 100 kN. 

Five parallel tests were conducted for each test. In 

the dynamic load tests, the demodulator scanning 

frequency was 1000 Hz. 

The influence of temperature was considered 

in the field test. The temperature sensor has been 

embedded into the structure layer to monitor the 

temperature of the measuring point. Meanwhile, a 

temperature gun and an ordinary thermometer were 

used to measure the road surface temperature and 

the atmospheric temperature, respectively. Then, the 

calibration test was performed for the road surface 

temperature and the atmospheric temperature. 

Finally, according to the calibration formula, the 

test results were uniformly converted into the strain 

values when the road surface temperature was 

15℃. 

 

3 Analysis of test results 
 

3.1 Strain duration curves analysis 

3.1.1 Strain duration curves under static load 

Figs. 6 and 7 illustrate typical loading and 

unloading curves of the asphalt pavement surface 

and base layers under static loading, respectively. It 

can be observed that, at corresponding points of 

other surface and base structures, the change curves 

were similar. 

 
Figure 6 Longitudinal strain duration curves of the S3 

structure surface layer 

 
Figure 7 Strain duration curves of the base layer 

As it can be seen in Fig. 6, the loading and 

unloading curves of the asphalt surface layer at 

different positions under static load exhibited a 

similar changing trend. In particular, all curves 

demonstrated obvious viscoelasticity and were in 

accord with typical creep curves. During loading, 

the tensile strain increased non-linearly with time, 

while the increased rate of strain decreased with 

time. During unloading, the elastic recovery 

deformation, viscosity recovery deformation, and 

unrecoverable plastic deformation can be clearly 

observed. Among them, the time required for 

viscosity recovery deformation was much longer 

than that for elastic recovery deformation. In the 

field strain test, the elastic recovery deformation 

was selected to analyze the test results. In addition, 

the strain values from the highest to the lowest at 

the bottom of the surface layer at the four key test 
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points were found in B, C, A, and D, which shows 

that the farther away from the center of the wheel 

load, the lower the mechanical response value. It 

can be seen in Fig. 7 that the longitudinal and 

transverse strain duration curves of the flexible ATB 

also exhibited obvious viscoelasticity, while the 

strain of the CSM base was elastic. 

3.1.2 Strain duration curves under dynamic load 

Under the action of vehicle load, it was found 

that the dynamic strain waveform at the bottom of 

 

Figure 8 Strain duration curve of the bottom of the middle surface layer for S2 structure: (a) Strain waveforms at 

point A; (b) Strain waveforms at point B; (c) Strain waveforms at point C; (d) Strain waveforms at point D 

 
Figure 9 Strain duration curves of the base layer bottom of the S2 structure at point A: (a) Waveform of the ATB 

upper base layer; (b) Waveform of the CSM lower base layer 

(a) (b) 

(c) (d) 

(a) (b) 
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the structural layers changed according to the 

relative position of the measurement point and the 

wheel load. Taking the S2 structure under an axial 

load of 100 kN and a speed of 45 km/h as an 

example, the longitudinal and transverse strains of 

the middle and base layers at different loading 

positions were tested. The strain waveforms are 

shown in Figs. 8 and 9. Again, the change curves at 

corresponding points of other surface and base 

structures were similar. 

The circled areas in Fig. 8 indicate the strain at 

different loading positions when the vehicle rear 

axle passed through the measured cross-section. An 

apparent compression-tension-compression 

waveform can be observed in the dynamic strain 

curves of points A, B, C, and D. The farther the 

measurement point from the wheel load center, the 

lower the longitudinal strain, while the compression 

waveform appeared only at the lateral positions of 

wheel load. 

A significant difference in the transverse strain 

duration curve at the bottom of the middle surface 

layer was found between each position. When the 

rear wheel passed through the measured 

cross-section, the transverse strains at the bottom of 

the middle surface layer at the B and C positions 

exhibited mainly compression-tension waveforms, 

while at the A and D positions unidirectional 

compression strain state was observed. The reason 

for this phenomenon is mainly related to the 

complex mechanical properties of the asphalt 

mixtures, the complex effects of the tires on the 

ground, and the relative positions between tires and 

measured points. 

It can be seen in Fig. 9 that when the rear 

wheel passed through the measured cross-section, 

the longitudinal strain of the ATB upper base layer 

at point A exhibited a tension-compression 

waveform, and that of the CSM lower base layer at 

point A exhibited a 

compression-tension-compression waveform, which 

mainly exhibited a tension waveform and 

insignificant compression. The transverse strain in 

the ATB upper layer base demonstrated alternating 

tension and compression, while that of the CSM 

lower base layer demonstrated only a tensile 

waveform. Moreover, at the other test points, 

similar changing characteristics were observed. 

As shown in Figs. 8 and 9, compared to the 

asphalt layer, the loading and unloading strain 

curves of the CSM layer exhibited obvious 

axisymmetric characteristics, the peak strain value 

was smaller, and the strain response area of the 

curve was more extensive. This is consistent with 

the elastic (non-viscoelastic) properties of CSM 

materials and their high stiffness and strong 

resistance to deformation. 

 

3.2 Study of the strain field 

3.2.1 Comparison and verification between 

measured and theoretical values 

To verify the reliability of the field-measured 

results, the Shell asphalt pavement design software 

BISAR was employed to calculate the theoretical 

values (TVs) of longitudinal and transverse strains 

of the different layers of the same structure under 

static load. The comparison between TVs and 

field-measured values (MVs) of typical layers is 

shown in Figs. 10-12. All MVs shown in the figure 

are the average strain value of five parallel tests 

 
Figure 10 Comparison between measured and theoretical values at different loading positions: (a) Surface layer; (b) 

Base layer 

(a) (b) 
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respectively. 

It can be seen in Fig. 10 that the changing law 

of the longitudinal and transverse TVs was similar 

to that of the MVs, for both the surface and base 

layers. There was a difference between TVs and 

MVs from the numerical point of view, where the 

difference in the surface layer values was greater 

than that in the base layer values, and that of the 

ATB base layer values was greater than that of the 

CSM base layer values. This is attributed to that 

TVs are calculated based on the assumption that the 

pavement is an elastic layer system. However, in 

actual asphalt pavement structures, only the CSM 

base material can be regarded as an elastomer, 

while the strain of the asphalt surface or base 

exhibits obvious viscoelastic plasticity. In addition, 

field tests are affected by multiple factors such as 

environment, construction, and layout, which can 

induce some errors in the collected data. 

 
Figure 11 Relationship between MVs and TVs of surface 

strains of the three tested asphalt structures 

 
Figure 12 Error analysis on the strain at the bottom of 

base layer 

It can be seen in Fig. 11 that there was an 

excellent linear correlation between the TVs and 

MVs of the surface layer with a correlation 

coefficient of 0.87. It can be seen in Fig. 12 that the 

error between the TVs and MVs of the ATB base 

layer of the S1 structure and the CSM base layer of 

the S3 structure was basically within the range of 

0-20%, regardless of the traffic direction or the 

transverse direction. Therefore, using FBG sensor 

to test the elastic parameter of the surface layer is a 

stable and reliable approach, and it is feasible to use 

the FBG sensors to conduct field strain 

measurements in asphalt pavements. 

3.2.2 Peak strain characteristics in the horizontal 

direction 

Under static load, the changing laws of the 

longitudinal and transverse peak strains at the 

bottom of each structural layer for the three 

pavements at the different loading positions are 

shown in Figs. 13-15. All test values shown in the 

figure are the average strain value of five parallel 

tests respectively. 

As it can be seen in Figs. 13-15, the strain of 

each structural layer was distributed symmetrically 

with point A as the center. Due to that the strain 

sensors of the S2 structure at the B, C, and D points 

were damaged, no data was collected during the test; 

therefore, only the strain response values of the A, 

B, C, and D points are presented in this paper. The 

highest longitudinal and transverse strains in the 

surface layer of the S1 and S3 structures occurred at 

the center of wheel load, while the highest strain in 

the base layer occurred at the gap center between 

the two wheels. Taking the longitudinal strain of the 

S3 structure as an example, the strain at the center 

of wheel load of the upper surface layer was about 

4.3, 2.0, and 23.9 times higher than that at the gap 

center between the two wheels, the edge of wheel 

load, and the lateral position of wheel load, 

respectively. The strain at the gap center between 

the two wheels of the lower base layer was about 

1.06, 1.03, and 1.22 times higher than that at the 

center of wheel load, the edge of wheel load, and 

the lateral position of wheel load, respectively. The 

largest longitudinal strain in the surface layer of the 

S2 structure was found at the gap center between 

the two wheels, while the other strains were the 

same as those of the S1 and S3 structures. It is 

proved that the center of wheel load and the gap 

center between the two wheels are the most 

unfavorable load points of the pavement surface 

layer and base layer, respectively. 
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3.2.3 Peak strain characteristics along the depth 

direction 

Under static load, the changing law of the 

longitudinal and transverse peak strains at the 

 
Figure 13 Law of peak strain in the horizontal direction of the S1 structural layer: (a) Longitudinal; (b) Transverse 

 
Figure 14 Law of peak strain in the horizontal direction of the S2 structural layer: (a) Longitudinal; (b) Transverse 

 
Figure 15 Law of peak strain in the horizontal direction of the S3 structural layer: (a) Longitudinal; (b) Transverse 

(a) (b) 

(a) (b) 

(a) (b) 
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bottom of each structural layer for the three 

pavements with depth is shown in Figs. 16-18. All 

test values shown in the figures are the average 

strain value of five parallel tests respectively.  

It can be seen in Figs. 16-18 that the strain in 

the surface layer was obviously higher than that in 

 
Figure 16 Strain magnitude along the depth direction of the S1 structural layer: (a) Longitudinal; (b) Transverse 

 
Figure 17 Strain magnitude along the depth direction of the S2 structural layer: (a) Longitudinal; (b) Transverse 

 
Figure 18 Strain magnitude along the depth direction of the S3 structural layer: (a) Longitudinal; (b) Transverse 

(a) (b) 

(a) 
 

(b) 

 

(a) (b) 
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the base layer. Taking the longitudinal strain as an 

example, the maximum tensile strain values of the 

S1, S2, and S3 structures at different loading 

positions were located in the lower, middle, and 

upper layer, respectively. That is to say, from the S1 

structure to S3 structure, the most unfavorable 

layers of the surface layer are moved from the 

lower layer to the upper layer gradually. This is 

attributed to that the base layer modulus of the S3 

structure was the highest, followed by that of the S2 

structure and the S1 structure. Therefore, the 

stiffness of the base layer has a significant impact 

on the position of the most unfavorable layer of a 

pavement. The greater the stiffness of the base layer, 

the closer the most unfavorable layer of the surface 

layer based on the horizontal tensile strain index to 

the upper surface layer. In addition, the strain in the 

lower base of the three pavement structures was 

greater than that in the upper base. Taking the 

longitudinal strain of the S1 structure as an example, 

the strain in the lower base was about 1.2-2.9 times 

higher than that in the upper base under different 

loading positions. It is proved that the lower base is 

the most unfavorable layer of the pavement base 

layer, while the modulus of the base has little effect 

on the position of the maximum strain in the base 

layer. 

3.2.4 Study on the two-dimensional strain field 

along the horizontal and depth directions 

For a more intuitive comparison, the changing 

law of the longitudinal and transverse strains in 

each layer of the three structures along the 

horizontal and depth directions were plotted into the 

two-dimensional strain field diagrams shown in 

Figs. 19-21. In order to ensure the uniformity 

between figures, the data on the right axis of S2 in 

Fig. 20 were symmetrically supplemented based on 

the data on the left axis of S2, which are not 

measured data. 

Figs. 19-21 illustrate the strain nephograms of 

the three typical structures. It can be seen that there 

were similar longitudinal and transverse strain field 

characteristics between the different structures, 

however, the response values were significantly 

different. The maximum tensile strain in the three 

structures was located in the surface layer, while the 

tensile strain in the base layer was lower. The 

longitudinal strain was significantly higher than the 

transverse strain. In addition, the relationship of the 

magnitude of tensile strain was between the 

different structures was S3 (430 με) > S1 (251 με) > 

S2 (216 με). This indicates that the larger the 

modulus of the base layer, the larger the tensile 

strain of the surface layer, which makes the surface 

layer susceptible to damages and cracks. However, 

the maximum tensile strain of S2 was less than that 

of S1, which means that the modulus of the base 

layer should not be too low and above a suitable 

lower limit. The maximum tensile strain of the 

surface layer increases when the modulus of the 

base layer is lower than this lower limit. 

 

3.3 Relationship between peak strain and vehicle 

speed 

From the above analysis, it can be known that 

the upper-middle surface layer and the lower base 

layer are the most unfavorable layers of a pavement 

structure. In addition, the tensile strain at the center 

of wheel load of the surface layer and the gap center 

between the two wheels of the base layer is the 

highest, which has the most significant impact on 

pavement durability. Therefore, the strains at the 

most unfavorable loading positions corresponding 

to the most unfavorable layers were chosen for 

principal analysis. At the same time, since the 

longitudinal strain is larger than the transverse 

strain, and the two types of strain exhibit similar 

changing laws with vehicle speed, in this paper, the 

longitudinal strain was selected for research. 

Figs. 22 and 23 show the change curves of the 

maximum longitudinal tensile strain in the middle 

surface layer and lower base layer with vehicle 

speed, respectively. All test values shown in the 

figures are the average strain value of five parallel 

tests respectively. It can be seen that there was an 

apparent nonlinear correlation between strain and 

vehicle speed, and the respective fitting models are 

given in Eqs. (1) and (2): 

1= ( )bs a v c+  (1) 

2 = ( )ns l v m+  (2) 

where s1 and s2 denote the longitudinal peak strains 

of the middle surface layer and lower base layer 

(10-6), respectively; v denotes the vehicle speed 

(km/h); a, b, and c are the fitting paraments of the 

middle surface layer; l, m, and n are the fitting 

paraments of the lower base layer.  
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Figure 19 Strain field in the S1 structure: (a) Longitudinal; (b) Transverse 

 
Figure 20 Strain field in the S2 structure: (a) Longitudinal; (b) Transverse 

 
Figure 21 Strain field in the S3 structure: (a) Longitudinal; (b) Transverse 

(a) (b) 

 

(a) (b) 

(a) (b) 
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Figure 22 Longitudinal peak strain at the center of wheel 

load in the middle surface layer with vehicle speed 

 
Figure 23 Longitudinal peak strain at the gap center 

between the two wheels in the lower base layer with 

vehicle speed 

As it can be seen in Figs. 22 and 23, the strain 

response under static load was significantly larger 

than that under dynamic load. Taking the strain in 

the middle surface layer of the S1 structure as an 

example, the strain at a speed of 60 km/h was only 

30% that of the static state. This indicates that there 

is a vast difference between pavement stress and 

strain state under actual traffic load and static load, 

and that the static load mode cannot accurately 

reflect the mechanical characteristics of pavement 

under actual driving load. In addition, the strains of 

three pavement structures and their sensitivity to 

vehicle speed decreased with increasing vehicle 

speed. When the vehicle speed increased from 0 to 

5 km/h, the strain response decreased significantly. 

Moreover, small decreasing trends in strain 

response can be observed when the vehicle speed 

exceeded 5 km/h. Taking the middle surface strain 

of the S3 structure as an example, the strain 

decreased by 82% when the vehicle speed increased 

from 0 to 5 km/h, while the amplitude reduction 

range of strain was about 8%-20% when the vehicle 

speed increased gradually from 5 km/h to 60 km/h. 

Under the same vehicle speed, the order of 

maximum strain in the same layer of the three 

pavement structures was S1, followed by S2 and S3, 

and the strain of S3 was significantly lower than 

that of the other structures. 

 

3.4 Comparison and analysis between the strains 

of different structures 

In order to compare the differences between 

the strain values of the three structures, the static 

load and dynamic load (vehicle speeds of 5 km/h 

and 45 km/h) longitudinal strains of the three 

structures were taken as the research objects. The 

comparisons are shown in Figs. 24 and 25. All test 

values shown in the figures are the average strain 

value of five parallel tests respectively. 

As it can be seen in Fig. 24, the strain of the 

three structures along the depth direction increased, 

then decreased, and finally increased again. Under 

dynamic load, the peak strain of the S3 structure 

was relatively low compared to that of the other 

structures. In addition, the peak strain fluctuation 

along the depth direction of the S3 structure was the 

lowest, followed by that of the S2 structure and the 

S1 structure. It can be seen in Fig. 25 that the strain 

of the S3 structure was the lowest, and that of the 

surface layer of the S2 and S1 structures was 

relatively close. However, the strain of the base 

layer of the S2 structure was much lower than that 

of the S1 structure. Therefore, the best resistance to 

damage and structural stability under the action of 

vehicle load was presented by the S3 structure, 

followed by the S2 and S1 structures. This is 

attributed to that the ATB and GM layers are paved 

as the upper and lower base layers, respectively, in 

the S1 structure, thus the base layer of the S1 

structure has the lowest stiffness, and it exhibits a 

relatively high peak strain. However, the ATB and 

CSM road materials are paved as the upper and 

lower base layers, respectively, in the S2 structure, 

while the CSM road material is paved as the upper 

and lower base layers in the S3 structure. The 

different materials of the base layer lead to a 

gradual increase in stiffness, thus the peak strain at 

the bottom of the structure layer is getting lower 

and lower. To sum up, taking only the horizontal 

strain as the judgment standard for the three types 

of pavement structures, the S3 structure exhibited 

the most vigorous deformation resistance, followed 

by the S2 and S1 structures. 
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4 Conclusions 
 

(1) The strain curve of the asphalt layer 

exhibited an obvious viscoelastic behavior, while 

that of the CSM base layer presented elastic 

properties. Under the action of static and dynamic 

loads, there are significant differences in the 

longitudinal and transverse strain waveforms for the 

three studied typical pavement structures and 

different structural layers at different loading points. 

(2) The most unfavorable layers of asphalt 

pavement are the upper-middle surface layer and 

lower base layer, while the most unfavorable load 

positions on the asphalt surface layer and base layer 

are at the center of wheel load and the gap center 

between the two wheels, respectively. With the 

increase of base layer modulus, the most 

unfavorable layer of the surface layers gradually 

moves from the lower surface layer to the 

upper-middle surface layer. 

(3) There is an obvious power function 

relationship between longitudinal strain and vehicle 

speed for the three types of pavements. 

(4) Based on the field test results and 

verification, the semi-rigid base asphalt pavement 

can be considered as the more durable pavement 

type. 

The stress monitoring is critical to the health 

of the pavement structure. In future works, it will be 

tried to develop suitable high-precision sensors for 

testing the stress characteristics of asphalt 

pavements, and them directly measure the stress 

response. 

 
Figure 24 Comparison of the longitudinal strain between the different pavement structures along the depth direction 

 
Figure 25 Comparison of the longitudinal strain between the different pavement structures along the horizontal 

direction: (a) Surface layer; (b) Base layer 

(a) (b) 
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中文导读 

 

典型沥青路面应变响应现场实测研究 

 

摘要：为揭示沥青路面在车辆荷载作用下的力学响应变化规律，为耐久性路面设计提供参考，采用光

纤光栅传感技术，对柔性基层(S1)、组合式基层(S2)及半刚性基层(S3)3 种典型沥青路面结构开展了动

静载作用下的应变现场测试试验，分析了路面应变沿水平和深度方向的应变场变化规律。结果表明，

中上面层及下基层底为沥青路面最不利层位；面层和基层的最不利荷载点位分别为轮载中心和轮隙中

心；随着基层模量的增加，面层最不利层位逐渐由下面层上移至中上面层；揭示了结构层应变与车速

之间的幂函数关系；相对于其他路面结构，半刚性基层沥青路面结构应变值最小，其可作为耐久性路

面的优选结构类型。 

 

关键词：沥青路面；应变；历时曲线；加载点位；车速；光纤光栅传感器 


