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Abstract. In recent years, the excellent mechanical properties of asphalt modi-
fied with graphene nano-platelets (GNPs) have attracted a growing number of 
researchers investigating their actual performance enhancement in pavements. 
First, the authors analyzed an original thin layer of graphene-modified asphalt 
(GMTL) aimed at restoring the binder layer of road pavement through laboratory 
and trial section tests. The laboratory results demonstrate improvements in indi-
rect tensile resistance, an increase in the modulus of elasticity of the binder, and 
a reduction in material deformation, consistent with findings from other interna-
tional investigations. However, there is a lack of known studies on test sections 
or specific research involving thin layers with added GNPs. This paper particu-
larly focuses on assessing, through FWD equipment, the reduction in deflection 
and the increase in modulus within a real pavement. The investigated GMTL (1.0 
cm thick) exhibits an average reduction of 9.5% in maximum FWD deflections 
and 14.9% in HMA deformability. Moreover, the back-calculation indicates im-
proved stiffness modulus of the pavement foundation (+37%) and the cement-
treated base layer (+68%) in pavements covered with GMTL. Further, compara-
tive studies regarding strength, thermal susceptibility, and service life will be 
necessary to enhance our understanding of GMTL. 
 
Keywords: Graphene, Modified asphalt thin layer, Falling Weight Deflectome-
ter, Pavement distress, Road maintenance 

1 Introduction 

Pavement maintenance and preservation necessitate a more efficient utilization of 
available budgets. Thin overlays of hot mix asphalt (HMA) have a high cost-benefit 
ratio for restoring safe and durable conditions (Chenevière, Ramdas, 2006). Minor sur-
face distress, roughness and adhesion problems on existing pavements are the best con-
ditions for their use (Rahaman, et al, 2012; Coni 2013; Coni M. et al 2018; Newcomb, 
2009; Peter-son, 1991). Some researchers consider thin layers of HMA as the most 
economical choice for pavements with low traffic volumes (Liu et al., 2010; Irfan et al., 
2009). Recently, many authors have focused their studies on nanomaterials to improve 
the strength, ageing, fatigue behavior and adhesion of bitumen (X. Li, et al., 20-21, 
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Steyn, 2011; Yang et al., 2013; Yusoff et al., 2014). In 2016, the comprehensive study 
of the NCHRP IDEA Program (US AASHTO) (Le, et al., 2016) highlights the excellent 
mechanical properties of asphalt reinforced with graphene nanoparticles (GNPs), their 
characteristics and potential applications in civil engineering. GNPs increase the vis-
cosity, tensile strength and fatigue resistance of HMA (Fusco, et al., 2020). The modi-
fication mechanism and properties of HMA with GNPs have been analysed in several 
experimental studies (Li, et al., 2021; Li, et al., 2018; Zeng, et al., 2017), in bridge deck 
and waterproofing (Meroni, et al., 2022). The main findings of these studies can be 
briefly summarized as follows (He, et al, 2022; Huang, et al, 2021; Moreno-Navarro, 
et al, 2018; Brcic, 2016): a) GNPs increase moisture stability, skid resistance and ageing 
resistance; b) they reduce temperature sensitivity; c) the quality of GNP dispersion in-
fluences the behavior of HMA at low temperatures; d) GNP production methods 
strongly influence the results. 

All previous studies show the interesting properties of graphene in HMA. However, 
there are no known researches or case studies on the production of thin films by adding 
GNPs, as confirmed by a recent study (Moretti, et al., 2021). 

The graphene super modifier used in the research is an advanced polymer compound 
consisting of graphene blended into hard plastic. The GMTL was tested for the first 
time in May 2021 at the construction site of a section of the Italian State Road n°125. 
The thin layer aims to restore the stiffness and waterproofing specifications of the 
binder layer of a pavement, as defined by the Italian State Roads Authority (ANAS), 
with a material cost increase of 9%. 

 

2 The case study 

A 7.8km section of the RSS125 State Road was covered with a 1.0cm thick GMTL 
specifically designed to restore the quality of the binder course. The original binder 
course of the State Road 125 under construction showed a small deficiency in the grain 
size of less than 2mm. This affected the voids index, which was 4% higher than speci-
fied at 120 and 200 revolutions, increasing the deformability of the mix. In these con-
ditions, moisture weakens the adhesion of the inert bitumen over time, particularly as 
the drainage wears away, compromising the long-term durability of the overlay. There-
fore, according to ANAS specifications, the layer must be removed in this case. To 
avoid demolition and reconstruction, a 1.0cm super-modified GMTL was placed on top 
of the binder (Figure 1). 
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Figure 1. Laying and compaction of the GMTL on the SS125 Italian State Road (on the 

right) and the pavement layers with GMTL (on the left) 
 

The high stiffness required of GMTL is achieved by the good material properties 
and the fact that the compaction roller presses on a small thickness, with values close 
to the contact pressure throughout the layer. 

3 The methodology 

Various tests in the laboratory and in a test section demonstrate the effect of the GMTL. 
The laboratory tests include: indirect tensile strength (ITS), indirect tensile stiffness 
modulus (ITSM) and fatigue resistance (RF) on specimens prepared in the laboratory 
or from site cores. The FWD tests are carried out on a test section and on the entire road 
to ensure that the ANAS QC specifications are met. 

3.1 Laboratory tests 

Initially, a fine-tuning study of the mix was carried out in the laboratory and at the plant 
to verify the optimum design and operating procedures. Table 1 shows the optimized 
mix design of the GMTL. 

Table 1. Final mix design of the GMTL studied in the laboratory. Bitumen/aggregates 8.0%, 
Super modifier/bitumen 7.0%, mix aggregates as follow: 

Sieve size 
[mm] 

Filler 
8% 

0-4 mm 
73% 

4-6 mm 
7% 

2 – 8 mm 
12% 

Mix Ref 

8 100 100 100 100 100 
6.3 100 100 100 65 96 
4 100 98 25 19 84 
2 100 75 2 5 63 
0.5 100 24 1 1 26 
0.25 90 11 0 0 15 
0.063 80,0 2,9 0,0 0,0 8,5 
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The qualification of the GMTL, by the volumetric method, has evaluated the PG air 

void percentage at 10, 120 and 230 cycles, the maximum density and the compaction 
according to EN 12697-5 -6 and EN 12697-31 at 150 °C. In addition, workability (k, 
related to viscosity) and self-thickening (c, related to internal friction) were derived 
from the tests. During paving, 24 samples of the GMTL were taken for production con-
trol (bitumen content EN 12697-1 and particle size analysis EN 933-1).  Additional 
tests were carried out during the paving operation:  12 ITS and 8 ITSM tests on samples 
prepared in the laboratory, ITS and ITSM tests on 8 cores taken from the site, 6 fatigue 
resistances (RF) with four point bending tests on prismatic samples (4PB-PR) prepared 
in the laboratory. 

3.2 Falling weight deflectometer tests 

Firstly, FWD tests were carried out on the binder course over the full length of the road 
in both lanes (25 m increments) on the pavement without the surface course. The binder 
course was then covered with 1.0cm GMTL on a 90m test section (Figure 2 a). FWD 
tests were carried out on both longitudinal (10 m step) and transverse (1.0 m step) joints 
at three stress levels: 900, 1300 and 1700 kPa. At the joint of the test section, the geo-
phone rod and load plate were positioned at 14 stations: 7 on the binder course without 
GMTL and 7 on the course with GMTL (Figure 2 b). 
 

 

 

 
 

Figure 2. FWD test configuration in the trial section. 

Following the positive outcome of this survey, the thin overlay was applied to one 
lane over a length of 720m and further FWD tests were carried out the following day 



5 

at 42 stations, at the longitudinal joint on the binder with and without GMTL 8FIGURE 
2 C). Finally, the FWD tests were carried out on the entire pavement to ensure the 
quality control required by ANAS.  These tests guarantee compliance with the global 
stiffness required by the Road Agency, but they do not highlight the effect of the intro-
duction of GMTL in the binder layer. Therefore, this study focused on the FWD tests 
carried out on the test section and during construction on the longitudinal joints with 
and without GMTL. 

4 Results and Discussion 

The results, shown in Figure 3, indicate both the good workability of the mix (the green 
curve has a good slope) and a remarkable GMTL volumetric behaviour with mean void 
values of 14.2% @N1, 5.4% @N2 and 4.4% @N3, showing that the mix is easily com-
pacted. 
 

 
Figure 3. Results of the GMTL qualification in the laboratory.  

Table 2 summarises the mean results of the 12 ITS tests performed on cylindrical 
samples prepared in the laboratory, and Table 3 shows the mean ITSM results. 

Table 2. ITS means results. 

ITS  
parameters 

Standard 
specification 

ANAS 
acceptance 
limit [MPa] 

Mean value of control 
quality tests during pav-

ing [MPa] 
ITS @N2 

EN 12697-23 

1.10–2.50 1.7 
ITC @N2 70–250 125 
   
ITS @N3 --- 2.2 
ITC @N3 --- 173.0 

Table 3. ITSM parameter mean results. 

ITSM  
parameters 

Standard 
specification 

ANAS 
acceptance 
limit [MPa] 

Mean value of control 
quality tests during pav-

ing [MPa] 
@20 °C, 124 ms EN 12697-26 --- 7049 
@40 °C, 124 ms --- 1240 
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The mean ITS values are 1.7 MPa @N2 and 2.2 MPa @N3 and the ITSM at 20°C has 
a remarkable stiffness value of more than 7,000 MPa at 20°C. Table 4 shows a com-
parative analysis between the ITS and ITSM tests on cylindrical cores taken from pave-
ments with and without GMTL. The ITS value for the cores without GMTL is approx-
imately 0.78 MPa and that with GMTL is 1.039 MPa (+33.2%). The ITC index also 
increased by 39% and dynamic stiffness by more than 10.0%. 
 

Table 4. The mean value of the ITS and ITSM tests. Cores from a trial section. 

 
ITS  
GPa 

ITC ITSM NAT 
MPa 

ex 
µstrain 

Binder layer 0.78·10-3 31.85 4354 5300  
Binder layer with GMTL 1.039·10-3 44.25 4791 5300 
D +33.20% +38.93% +10.04%  

 
Table 5 and Figure 4 show the fatigue test results based on EN 12697-24 (cyclic 

loading at 20°C and 500, 700 and 900 kPa). Reference is made to one million cycles. 
The results show high performance with very good resistance to cyclic loading, both in 
terms of stress (s6 = 417 kPa) and deformation (e6 = 104.15 µstrain). 

 
Table 5. Fatigue-resistance test results 

Resistance to Fatigue Standard  
specification 

Number 
of cycles 

Resilient 
deformation100 μstrain 

T@20 °C, 900 kPa 

EN 12697-24 

3891 232 
T@20 °C, 700 kPa 6756 193 
Cycles @20 °C, 500 kPa 171102 133 

 
 
Fatigue curve load/ Cycles 

y = 1831.5x-0,107 

Fatigue curve deformation/ Cycles y = 663.24x-0,134 

 

 
Figure 4. Fatigue curve at 20 °C (Four Point Bending Test on prismatic specimens) 

 
The FWD analysis considered the maximum deflection (D0), the base layer index 

(BLI = D0-D300) and the layer modules (E) by back-calculation. The BLI correlates 
well with the stiffness measured in the laboratory and ANAS considers the BLI to be a 
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quality parameter of the HMA. The first FWD measurement on the test section was 
carried out in two orientations along the centreline, before and after placing the GMTL 
at the same position. The second FWD measurements were taken at the same time along 
the transverse joint in the covered and uncovered binder layers. Table 6 shows the mean 
elastic moduli of the FWD measurements (@Tref 14° C) back-calculated using the 
Elmod 6 software, considering the pavement as a 5-layer system. 
 

Table 6. The elastic modulus back-calculated on the trial-section surface 
Layer FWD on GMTL 

April 13, 2021 
FWD on binder 

April 7, 2021 
Differences 

Binder  5051 3633 +139% 
Base HMA 3181 2837 +112% 
Cement-treated base 3914 2331 +168% 
Granular layer 600 439 +137% 
Subgrade 76 70 +109% 

 
The elastic modulus of the binder layer with GMTL increased by 39% and that of the 
base layer by 12%, with a better response in the lower layer (+68.0% in the cement-
treated base and +37.0% in the granular layer). In order to avoid the variability of the 
FWD measurements due to the different test conditions (degree of compaction, HMA 
temperature, solar radiation, wind and humidity of the unbound layers), a special tech-
nique was used. In the second FWD survey, two stations in close proximity (30 cm 
apart), spanning the transverse joint, were investigated simultaneously. Table 7 shows 
the data results at 1700 kPa from this survey and Figure 5 compares the mean deflection 
basin of the uncovered and covered binder with the GMTL. 
 

Table 7. FWD data measurements at 1700 kPa in the trial section 
  D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 BLI Differences 

1 binder 538 418 339 241 165 70 25 10 5 3 366 276 199  
1 GMTL 520 409 338 240 160 66 27 12 5 2 356 271 182 -8.7% 
2 binder 522 385 305 213 142 56 21 7 5 3 319 227 217  
2 GMTL 466 352 280 193 129 53 21 8 5 4 287 211 185 -14.6% 
3 binder 414 314 247 174 120 51 17 4 3 3 260 196 166  
3 GMTL 376 284 234 171 118 49 22 10 6 4 252 195 142 -14.7% 
4 binder 409 299 233 164 109 47 19 8 5 3 234 174 176  
4 GMTL 332 255 212 155 106 42 18 9 5 4 220 170 120 -31.6% 
5 binder 520 364 278 184 116 40 11 4 3 3 312 213 243  
5 GMTL 487 350 271 181 114 39 11 4 3 3 296 214 216 -11.2% 
6 binder 531 398 315 211 134 47 12 5 4 4 329 232 216  
6 GMTL 486 367 299 203 130 49 16 5 3 3 299 218 188 -13.0% 
7 binder 634 454 331 219 145 52 16 6 3 3 368 265 303  
7 GMTL 574 413 303 193 124 49 17 7 4 3 345 245 271 -10.03% 
           Mean value -14.9% 
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Figure 5. The mean deflection basin on the binder layer and the binder with the GMTL. 

 
Notably, with only 1.0 cm of GMTL, D1 decreased by 9.5% and BLI decreased by 

14.9%.  
Table 8 shows the back-calculated modulus of elasticity in the FWD joint study. In 

this case, the GMTL increases the modulus of the binder by 22% and the base stiffness 
of the HMA by 14%. There was also a 26% increase in the stiffness of the cement-
treated base. 

 
Table 8. Elasticity modulus estimated by back-calculation in the FWD joint survey. 

Layer FWD on GMTL 
May20, 2021 

FWD on binder 
May 20, 2021 

Differences 

Binder  3481 4243 122% 
Base HMA 2262 2575 114% 
Cement-treated base 3179 4010 126% 
Granular layer 543 536 99% 
Subgrade 81 78 97% 

 
Both FWD studies highlighted how the GMTL increases the stiffness of the HMA 

and better redistributes stresses throughout the pavement, thereby improving the re-
sponse of the lower layer materials. The GMTL allows the stress to spread and dissipate 
quickly where it is most intense. This allows the lower layers to operate at lower stress 
ratios and therefore have higher elastic responses.  

The method is not affected by the variability of the pavement in different sections or 
by weather conditions and it demonstrates the clear ability of the GMTL to improve the 
performance of the pavement. Finally, the procedure was extended after the construc-
tion of the right-hand lane to confirm the good results obtained on the test section. Fig-
ure 6 shows the BLI of this survey along the longitudinal joint for each station. 
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Figure 6. The mean BLI obtained after right lane construction in two FWD close stations 

(30 cm distance) over the binder course with and without GMTL. 
 
The measurements confirmed the positive effect of GMTL on HMA deformation. 

The average reduction in BLI observed in the lane with GMTL was 15.8%. 

5 Conclusions 

The performance of the GMTL was assessed using various tests carried out in the 
laboratory and on site with FWD. The results can be summarized as follows 

1. The GMTL on the pavement core increases the ITS by 33.2%, the ITC by 39% 
and the ITSM by 10% compared to the pavement without GMTL. 

2. The GMTL improves the back calculated modulus between 22% and 39% and 
reduces the deflection by 9.5%. 

3. The BLI from the FWD measurement was lower than 15.8% when the binder 
course was covered with GMTL. 

4. The back-calculation shows an increased stiffness response of between 26% and 
68% in the cement-treated base layers. This last result means that GMTL redis-
tributes stresses throughout the pavement. Lower layers can therefore operate at 
lower stress ratios. 

 
Further, comparative studies regarding strength, thermal susceptibility, and service 
life will be necessary to enhance our understanding of GMTL. 
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