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Energy-storage luminescent pavements can provide illumination in dark or 
low-light environments, aiding drivers and pedestrians in better recognizing 
road conditions and thereby reducing the occurrence of traffic accidents. The 
pouring energy-storage luminescent asphalt mixture (PELAM) proposed in this 
study comprises a porous asphalt mixture matrix and long-afterglow-epoxy 
resin grouting material filling the voids within it. The mechanical properties of 
the mixture were studied through dynamic modulus, phase angle, and repeated 
loading creep tests; the effects of different void ratios, immersion times, and 
weather conditions on the afterglow brightness of the specimens were tested 
to analyze the impact on luminescent function. The results show that the 
dynamic modulus of PELAM gradually increases with the decrease of the test 
temperature, the increase of the loading frequency and the increase of the 
void ratio. The Phase angle changes lack a clear pattern with temperature and 
frequency variations. The flow number and the micro-strain corresponding to 
the flow number gradually increase with the increase of the void ratio. The void 
ratio and short-term immersion have little influence on the afterglow effect of 
pouring energy-storage luminescent asphalt mixture, and 21 days of immersion 
slightly reduces the afterglow brightness; under the excitation of natural light, 
the afterglow duration can last for more than 6 hours. The mechanical properties 
and luminescent function of PELAM are suitable for pavement applications.

KEYWORDS

road engineering, pouring energy-storage luminescent asphalt mixture, mechanical 
properties, luminescent performance, afterglow brightness 

 1 Introduction

The safety of night driving has always been an important issue. Due to insufficient 
night lighting, it is difficult for drivers to see the road conditions, which can 
lead to traffic accidents. Developing materials and technologies that enhance the 
visibility of roads at night will provide great convenience for pedestrians and unlit 
vehicles at night (Li et al., 2024). The luminescent characteristics of self-luminous 
pavement materials play an important role in auxiliary lighting and improving road safety.
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The self-luminous material absorbs a certain wavelength of 
light and enters an excited state, and then emits visible light 
(Jiang et al., 2023a). According to the different application scenarios, 
the road surface is mainly divided into self-luminous coating 
(Ling et al., 2022), embedded self-luminous gravel (Chen et al., 
2023), cement-based self-luminous material (Wang et al., 2023a) 
and epoxy resin-based self-luminous material (Jiang et al., 2023b). 
Among them, the construction of self-luminous coatings is relatively 
simple and can be applied to various road surfaces, but the wear 
resistance of the materials is insufficient, which adversely affects the 
duration of luminescence (Li et al., 2022); embedded self-luminous 
aggregates are pressed into the pavement during formation and 
can be pre-assembled into various patterns, presenting rich visual 
effects, but their laying difficulty is high and the application cost 
is high (Caputo et al., 2020); cement-based self-luminous materials 
have poor translucency under the action of cement coverage, 
affecting the brightness of luminescence (Wang et al., 2022b). Epoxy 
resin-based self-luminous materials combine epoxy resin with 
luminescent materials, with the advantages of good translucency, 
high luminance, and good flexibility and toughness, showing good 
application prospects.

The pouring energy-storage luminescent asphalt mixture 
(PELAM) is to pour the epoxy resin-based self-luminous material 
into the void structure of the porous asphalt mixture, which 
not only takes into account the road performance of the asphalt 
mixture but also has luminescent functions, reducing the wear 
of the self-luminous material and extending its service life. The 
pouring pavement structure has the advantages of good anti-rutting 
performance, oil and acid pollution resistance, water stability, low 
construction cost, and wide application range (Li et al., 2025). It not 
only improves the carrying capacity and service life of roads but 
also reduces maintenance costs, providing a strong guarantee for 
the safety and smooth flow of road traffic (Shan et al., 2024).

At present, research on pouring pavement structures is mainly 
focused on cement-based grout materials. Cai et al. (2017) proposed 
the optimal proportion component ratio for the cement grunt used 
in perfused asphalt pavements based on optimization principles. 
Zheng et al. (2023) developed a high-performance permeable 
pavement material for heavy-load scenarios, and the rut depth 
under the same conditions was only 1/10 of the SMA paving 
structure. Wang et al. (2023b) analyzed the adhesion interaction 
between the grouting material and the asphalt surface, thereby 
offering a theoretical foundation for exploring the cracking damage 
in permeable pavements. Ling et al. (2021) found that the interfacial 
cracks of cement-asphalt-aggregate are the main failure mode of the 
permeable asphalt mixture, and it is recommended that the void 
ratio of porous asphalt mixture be selected at about 25% when the 
permeable pavement is used for light traffic.

In addition, other types of grouting materials are also used 
in pavements, such as geopolymer grouting materials with high 
strength (Hamid et al., 2023), low shrinkage (Wang et al., 2022b), 
and impermeability (Sharkawi et al., 2020). This grouting material 
can not only effectively improve the bearing capacity and durability 
of the pavement but also significantly reduce the risk of cracks 
caused by material shrinkage, thereby extending the service life 
of the pavement (Zhang et al., 2021). Polyethylene terephthalate 
(PET) grouting materials have good weather resistance and chemical 
corrosion resistance (Khan et al., 2021). This material is not 

biodegradable and its use in pavement structures promotes the 
effective utilization of waste plastics (Mishra and Gupta, 2018). 
This measure not only helps reduce environmental pollution but 
also promotes the development of the circular economy and makes 
a positive contribution to environmental protection. Polyurethane 
grouting materials have strong permeability and can quickly 
penetrate pavement cracks and pores to form a tight bonding layer 
(Al-shawafi et al., 2023). At the same time, polyurethane grouting 
materials also have excellent bonding effects and waterproof 
performance and can maintain good bonding strength even 
on humid interfaces (Cavalli et al., 2023). These characteristics 
make polyurethane grouting materials play an important role 
in pavement crack repair (Li et al., 2020), board bottom void 
repair (Liu et al., 2023), and soft layer reinforcement (Saleh et al., 
2019), effectively improving the overall performance and safety of 
the pavement (Xiong et al., 2024). Epoxy resin-based self-luminous 
grouting materials make the pavement realize the function of self-
luminescence, but at present, there are relatively few application 
studies on pouring energy-storage luminescent asphalt mixture.

When functional materials are applied to pavement structures, 
their impact on the mechanical properties of the pavement and 
the performance of their functions are also important research 
directions (Dalhat and Al-Adham, 2023). For example, when self-
healing capsules are applied to pavement repair, multi-chamber 
microcapsules with a size comparable to the gaps in asphalt mixtures 
have a small impact on the mechanical properties of asphalt mixtures 
and have a sustained release effect (He et al., 2020). Phase change 
materials regulate pavement temperature, and solid-liquid phase 
change materials produce a liquid phase that is easy to flow during 
phase transition, causing the asphalt to soften, which harms the 
performance of asphalt and its mixtures (Zhang et al., 2023); solid-
solid phase change materials do not affect the structure of the 
pavement itself due to volume changes, so they are easier to apply to 
road engineering than solid-liquid phase change materials (Jia et al., 
2023). Therefore, the influence of epoxy resin-based self-luminous 
grouting material injected into porous pavement structure on the 
mechanical properties of the asphalt mixture and the maintenance of 
the luminous function are the key to its application on the pavement.

In summary, a thorough analysis of both the mechanical 
and luminescent capabilities of self-luminous asphalt mixtures is 
necessary, this paper prepared PELAM and tested the mechanical 
properties and luminescent properties under different conditions 
using mechanical and optical test methods. The bearing capacity 
and deformation resistance of PELAM under different stress 
conditions were evaluated, and key performance indicators such as 
afterglow brightness and luminescent duration were measured. The 
research results provide ideas and references for the promotion and 
application of PELAM. 

2 Materials and methods

2.1 Experimental materials

2.1.1 Epoxy resin based energy-storage 
luminescent grout

The epoxy resin based energy-storage luminescent grout 
material was mainly consists of epoxy resin, curing agent, 
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FIGURE 1
Gradation Curve of PAC-10.

toughening agent, and energy-storage long persistent luminescence 
material (LPL). To ensure that the grouting material has good 
translucency and mechanical properties, bisphenol A typed E51 
epoxy resin, amine typed 593B curing agent, and DBP typed 
toughening agent were chosen as the binding agents; in order to 
make the grouting material have high afterglow luminosity and 
prolonged afterglow duration, SrAl2O4:Eu,Dy, an aluminate-based 
LPL, was selected as the additive. The components in the grout 
is as follows: E51: 593B: DBP:LPL = 100:18:15:14. At 25 °C, the 
epoxy resin and toughening agent were first mixed in proportion 
and stirred at 500 rpm for 10 min. Subsequently, the curing agent 
was added and stirred at 300 rpm for 5 min to form an adhesive 
system. Finally, long-afterglow material was incorporated into the 
mixture, which was stirred at 300 rpm for another 5 min to achieve 
uniform dispersion. After thorough mixing, vacuum defoaming was 
performed to obtain the epoxy resin-based self-luminescent grout.

2.1.2 Porous asphalt mixture
Porous asphalt mixture serves as the matrix, within which 

the voids provide ample space for the epoxy resin energy-storage 
luminescent grout. To maximize the utilization of the grouting 

material, this study selects PAC-10 porous asphalt mixture with a 
nominal maximum particle size of 10 mm, and controls the pouring 
thickness at 20 mm, ensuring that only the surface layer of the 
pavement material can emit light. To identify the optimal balance 
between economic efficiency and the energy-storage luminescent 
effect, three different target void ratios were designed, namely 
22%, 24%, and 26%. The corresponding gradation curves are 
presented in Figure 1. 

2.2 Preparation of pouring energy-storage 
luminescent asphalt mixture

Figure 2 illustrates the preparation process of PELAM. Firstly, 
In order to prevent the grouting material from flowing out through 
the interconnected voids at the bottom or sides of the specimen 
during the grouting process, waterproof adhesive tape was applied to 
the sides and bottom of the specimen. Subsequently, an appropriate 
amount of epoxy resin based energy-storage luminescent grout is 
evenly poured onto the surface of the specimen. The specimen was 
left to stand for 2 h to allow it to fully penetrate into the internal 
voids of the specimen under the action of gravity. When the grouting 
material at the top is no longer penetrating, the excess material on 
the surface of the specimen is gently scraped off to form the desired 
texture depth. Then, the specimen is left at 25 °C for 48 h to facilitate 
the complete curing of the epoxy resin, ultimately resulting in an 
asphalt mixture with energy-storage luminescent properties. 

2.3 Mechanical property test

Take a core of the PELAM with a height of 150 mm and a 
diameter of 100 mm. Use a UTM-30 type dynamic servo-hydraulic 
tester to test the dynamic modulus and phase angle of the specimen, 
with test temperatures of 5 °C, 20 °C, and 35 °C, and loading 
frequencies of 0.1 Hz, 0.5 Hz, 1 Hz, 5 Hz, 10 Hz, and 25 Hz.

Use the same method as the dynamic modulus test to prepare 
the specimen, place the specimen in the UTM-30 tester at 55 °C for 
6 h, and use a half-sine wave with an axial loading pressure value 
of 700 kPa to load the specimen with different void ratios, each 
cycle loads for 0.1 s, then unloads for 0.9 s, completes 5,000 cycles 
of the creep recovery process, and obtains the flow number and 
corresponding microstrain. 

FIGURE 2
Preparation of pouring energy-storage luminescent asphalt mixture.
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FIGURE 3
Dynamic modulus of PELAM specimens with different void voids.

FIGURE 4
Phase angle of PELAM specimens with different void ratios.
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FIGURE 5
Repeated loading creep results of PELAM specimens with different 
void ratios.

2.4 Luminescent function test

To ensure that the long-afterglow material absorbs ultraviolet 
(UV) energy sufficiently for effective excitation and subsequent 
emission of optimal brightness, the specimens were placed in 
an ultraviolet chamber. The specimens’ surfaces were exposed to 
ultraviolet radiation with a wavelength of 365 nm for a duration of 
30 min, with the UV light source positioned at a distance of 10 cm 
from the top of the specimens. After the irradiation process, the 
light source was deactivated, and a brightness meter was employed 
to assess how the afterglow brightness of specimens with different 
void ratios decreased over time.

In addition, the specimens were immersed in water at 25 °C, 
with the surface of the specimens at a depth of 10 cm from 
the water surface. The immersion times were 7 days, 14 days and 
21 days respectively. The attenuation of afterglow brightness of the 
specimens at different immersion times was tested.

Place the specimen in an outdoor space, and use a radiometer 
to test the change of solar radiation intensity within 1 day. 
After the absence of solar radiation, place the specimen in 
a dark environment, and test the afterglow brightness of the 
specimen over time. 

3 Results and discussion

3.1 Mechanical property analysis

3.1.1 Dynamic modulus
The dynamic modulus of PELAM with void ratios of 22%, 24%, 

and 26%, under different temperatures and loading frequencies, 
was shown in Figure 3. Under the same loading frequency, the 
dynamic modulus of each specimen decreased gradually with the 
increase of test temperature. The epoxy resin self-luminous grouting 
material poured into the void structure of the porous asphalt mixture 
forms PELAM. The grouting material was thermosetting, and the 
asphalt binder was a viscoelastic material. With the increase of 

temperature, the asphalt mixture changes from elasticity to viscosity, 
resulting in poor adhesion between the asphalt binder and the 
aggregate, and the PELAM. The ability of the mixture to resist 
deformation decreased, so the dynamic modulus of the mixture 
showed a decline trend.

Under the same test temperature, the dynamic modulus of each 
specimen increased gradually with the increase of loading frequency. 
Within the range of 0.1–5 Hz, the growth trend of the dynamic 
modulus of the mixture was relatively fast, while in the 5–25 Hz 
range, the growth trend slowed down. Under the same loading 
frequency and test temperature, the larger the void ratio, the greater 
the dynamic modulus of the mixture. There was a lag between 
the mechanical response of the asphalt mixture and the periodic 
load. With the increase of loading frequency, the lag phenomenon 
shows a weakening trend; part of the energy applied to the specimen 
cannot be released in time, and the accumulation of energy gradually 
increases with the increase of loading frequency, increasing dynamic 
modulus. In addition, the larger the void ratio, the more self-
luminous grouting material poured into the porous asphalt mixture, 
and the dynamic modulus of the cured grouting material was much 
greater than that of the asphalt mixture. Therefore, as the porosity 
increases, the dynamic modulus of the PELAM increases. 

3.1.2 Phase angle
The phase angle of PELAM with void ratios of 22%, 24%, 

and 26%, under different temperatures and loading frequencies, 
was shown in Figure 4. As can be seen, there were obvious 
differences in the phase angle of specimens at different test 
temperatures. When the temperature was 5 °C, its phase angle first 
decreased and then increased and then decreased with the increase 
of loading frequency. Within the range of 0.1–1 Hz, the phase angle 
gradually decreased with the increase of loading frequency, while 
in the 1–5 Hz range, the phase angle showed an increasing trend, 
and in the 10–25 Hz frequency range, the phase angle decreased 
with the increase of loading frequency. When the temperature was 
20 °C, its phase angle showed a decreasing trend with the increase 
of loading frequency. When the temperature was 35 °C, the phase 
angle of specimens with different void ratios all increased with the 
increase of loading frequency. In the 0.1–1 Hz frequency range, the 
phase angle increased significantly, while in the 1–25 Hz frequency 
range, the increase of phase angle was slow.

The change in phase angle reflects the influence of asphalt binder 
on the structural strength of self luminous asphalt mixture. At 5oC, 
the phase angle first increases to the peak with the increase of 
loading frequency, then gradually becomes flat, and then decreases, 
indicating that at lower temperatures, the PELAM is positively 
affected by the asphalt binder and its viscosity is strengthened; As 
the temperature increases, the structure of asphalt mixture becomes 
unstable, and the interaction between different particle sizes of 
mineral materials strengthens the overall structural strength of the 
mixture, resulting in a decrease in phase angle (Xing et al., 2024). 

3.1.3 Repeated loading creep
The flow number and microstrain of PELAM with void ratios 

of 22%, 24%, and 26% are shown in Figure 5. As can be seen, with 
the increase of void ratio, the flow number gradually increased. The 
epoxy resin self-luminous grouting material after curing improved 
the ability of the mixture to resist irreversible deformation and 
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FIGURE 6
Afterglow effect of PELAM specimens with different void ratios.

FIGURE 7
Afterglow effect of PELAM specimens under different immersion times.

structural instability at high temperatures, and also made the 
complex shear modulus of the mixture larger, the cumulative 
deformation formed by repeated loading decreases, the number of 
loadings during the compaction period and stable period increased, 
the material was less likely to enter the plastic failure state, 
and the high-temperature resistance to permanent deformation 
was enhanced.

3.2 Analysis of factors affecting 
luminescent function

3.2.1 Porosity
The afterglow performance of three types of PELAM specimens, 

each with different void ratios (22%, 24%, and 26%), was tested. 
As shown in Figure 6, it can be observed that for specimens with 
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FIGURE 8
Afterglow value of PELAM specimens under different immersion times.

FIGURE 9
Irradiance at different times on sunny and cloudy weather.

the same void ratio, their surface afterglow brightness gradually 
decreases over time. At the initial stage, the afterglow of all 
specimens attains its peak brightness, which is then followed by a 
progressive dimming. Even after 6 h, with a marked reduction in 
afterglow intensity, the light radiating from the specimens’ surfaces 
remains visible to the naked eye, maintaining a level of luminosity.

At the 15-min mark, the tested samples with different void 
ratios showed negligible differences in their afterglow luminosity. 
Specifically, regardless of whether the specimens had a void ratio 
of 22%, 24%, or 26%, their surface brightness exhibited a good 
and bright effect, but the brightness were indistinguishable to the 
human eye. Instrument measurements revealed brightness values 
of 36 mcd/m2, 38 mcd/m2, and 34 mcd/m2, respectively, suggesting 
that porosity has minimal impact on the luminescent properties of 
PELAM. The test focused on the afterglow brightness values on the 

FIGURE 10
Afterglow value of PELAM specimens under sunny and cloudy weather.

specimen surfaces for comparison. The PAC-10 mixture, through 
gradation design, forms distinct porosity structures. However, 
during specimen preparation, the long-afterglow grout filled the 
void structure and excess grout was removed to create a specific 
construction depth. This thin layer of slurry nearly fully covered the 
specimen surface, resulting in insignificant differences in afterglow 
brightness among the specimens. 

3.2.2 Immersion time
This study tested the afterglow performance of PELAM 

following immersion durations of 0, 7, 14, and 21 days. Figure 7 
displays the afterglow effect of specimens with 26% void ratio 
at various immersion periods. There was no significant change 
in the brightness on the surface of the specimens across 
different immersion times. The afterglow values were recorded as 
105.58 mcd/m2 after 14 days of water immersion and 86.21 mcd/m2

after 21 days of immersion, representing an approximate 20% 
decrease in luminance.

To quantitatively represent the afterglow brightness, Figure 8 
shows the afterglow value of PELAM specimens under different 
immersion times within 6 h after excitation. As can be seen that the 
variation pattern of the afterglow curve under different immersion 
times was roughly the same. As immersion time progresses, there is a 
slight decrement in the afterglow brightness of the specimen surface. 
The long afterglow material is encapsulated within a cured epoxy 
resin adhesive system, which functions as a water barrier. Initially, 
the afterglow brightness of the PELAM specimen surface remains 
largely unchanged. However, once the immersion duration reaches 
21 days, water pressure and capillary action allow a fraction of 
water to slowly penetrate into the long afterglow material, initiating 
hydrolysis. This process leads to a minor decrease in the afterglow 
brightness of the specimen. 

3.2.3 Weather condition
This study selected sunny and cloudy weather for testing, 

and collected the irradiance values from 8:00 to 18:00, 
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FIGURE 11
Afterglow effect of PELAM specimens in 6 hours under cloudy weather conditions.

as shown in Figure 9. It can be seen that the solar irradiance under 
sunny weather was always greater than cloudy weather. Before 
13:00, the solar irradiance gradually increased; at 13:00, the solar 
irradiance reached the maximum, the maximum irradiance value 
on a sunny day is 813 W/m2, and on a cloudy day, it is 746 W/m2; 
after 13:00, the solar irradiance gradually decreased. After 18:00, 
the solar irradiance was significantly reduced, and the excitation 
effect on the PELAM specimens was weakened. At 18:00, the 
specimens were placed in a dark environment, and the changing 
trend of afterglow brightness with time was tested. Sampling 
will be conducted every hour starting from 18:00 until 1:00 a.m.
the next day.

The test results of afterglow values of PELAM specimens 
under sunny and cloudy weather are shown in Figure 10. It can 
be seen from the figure that the afterglow value of PELAM 
specimens under sunny and cloudy weather showed the same 
trend, and the afterglow brightness gradually decreased with the 
extension of time. The afterglow brightness of the specimens 
under sunny days was significantly higher than that under cloudy 
days, which was mainly because the long afterglow material 
was effectively excited under natural light, and the excitation 
effect under sunny days was better than that under cloudy days. 
In addition, from the afterglow decay curve, although under 
cloudy weather conditions, the PELAM specimens still have an 
obvious luminescent effect after 6 h, with a afterglow value of 
1.22 mcd/m2, exceeding the lowest visible afterglow value of 
0.32 mcd/m2.

The afterglow effect under cloudy weather conditions 
is shown in Figure 11. It can be seen although under cloudy 
weather conditions, the PELAM specimens still have an 
obvious luminescent effect after 6 h, and the human eye 
can easily identify the luminescent effect of the specimen, 
indicating that this pouring self-luminous asphalt mixture 

has good afterglow performance under the excitation of 
natural light. 

4 Conclusion

In this study, the PELAM was formulated. The mixture’s 
mechanical characteristics and luminescent capabilities were 
examined and assessed. The key findings are summarized as follows. 

1. The dynamic modulus of PELAM gradually decreases with the 
increase of test temperature, and gradually increases with the 
increase of loading frequency and porosity. Under the same 
temperature and loading conditions, the PELAM specimen 
with a 26% void ratio exhibits the highest dynamic modulus.

2. The phase angle of self luminous asphalt mixture poured varies 
greatly at different temperatures and frequencies, and there is 
no obvirous regularity in the numerical values.

3. With the increase of porosity, the flow number and the micro-
strain corresponding to the flow number of PELAM increase 
gradually, and the resistance to permanent deformation at high 
temperatures is enhanced.

4. Porosity and short-term immersion have little effect on the 
afterglow effect of PELAM. The afterglow brightness is slightly 
reduced after 21 days of immersion; under the excitation of 
natural light, the afterglow brightness of PELAM within the 
range recognizable by the human eye can last for more than 6 h.
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