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1 INTODUCTION 
Asphalt pavements are characterized by a composite 
of several layers (LCPC-SETRA, 1994). During its 
life and due to climate and traffic effects, it presents 
various phenomena of degradation (LCPC, 1989; Di 
Benedetto, 1998; Castaneda Pinzon, 2004; Cas-
taneda E. and Such C., 2004). Cracks in pavements 
cause massive maintenance costs and delaying this 
phenomenon is the main purpose of all reinforce-
ment solutions. The use of interlayer systems in 
pavements has become a convenient technology for 
lifetime prolongation in road construction engineer-
ing. This solution has been studied a lot between 
1960 and 2000 (De Bondt, 1999; Vanelstraete, A 
and Franken, L., 1997 & 2000) in order to delay the 
reflective cracking phenomena. It is coming back 
nowadays with more attention from the pavement 
community as efficient reinforcement solutions for 
pavements (Kerzhero, 2011; Artières et al., 2012; 
Hornych et al., 2012; Nguyen et al., 2013; Canestrari 
et al., 2015; Chabot et al., 2016). However, due to 
the lack of know-how about designing such types of 
pavement structures, there is still a debate about 
their usage. In order to evaluate the use of glass grid 
fiber and to understand the effectiveness of this sys-
tem of reinforcement, a French ANR project “Sol-
DuGri” (2015-2018) has been set up by different in-

dustrial and laboratory partners. It contains three 
main axes:  

- Better understanding of the solicitations, which 
the grids are subject to during their implementation, 
in order to optimize the resistance of the grids in re-
lation to these solicitations, 

- Laboratory studies of mechanical behaviors of 
the interfaces between asphalt layers reinforced with 
grids, 

- Improvement in the design of reinforced pave-
ment by laboratory studies on fatigue behaviors of 
grids and reinforced asphalt mixtures, as well as by a 
full scale test using the fatigue carrousel de l’Ifsttar. 

The study described in this paper is part of the 
second axis of this project which aims to evaluate in-
terface bonding in pavement made with or without 
grids. In this work, the Wedge Splitting Test (WST) 
developed by Tschegg (1986) is chosen to evaluate 
the bond between glass grid fiber and the asphalt 
material in a quasi-pure opening Mode I. This test is 
applied in static condition in order to determine the 
specific fracture energy. The bond properties and the 
crack resistance of interfaces between asphalt layers 
and glass grid fiber layers are examined and com-
pared with those of asphalt layers without a grid. 
In this paper materials and specimens preparation 
are firstly presented. The test method adapted for 
this study is then explained. First results of the frac-
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ture energy obtained in this study are presented and 
discussed. The importance of the research intro-
duced with substantial conclusions is stated in the 
last section. 

2 MATERIALS AND TEST METHOD 
In this study, we choose to test specimens coming 
from a large scale test field constructed at IFSTTAR 
Nantes.   

2.1 Materials  

The base and cover layer are made of a bituminous 
material BBSG according to the European standard 
EN 13108-1. It has a maximum aggregate size of 
10mm and a bitumen content (35/50 penetration 
grade) of 5.6% by the weight of the mix. A tack coat 
is used and is made of a classical cationic rapid set-
ting bitumen emulsion, classified as C69B3 accord-
ing to EN 13808. Bituminous air content and elastic 
modulus are respectively aimed to be between 7% 
and 9% and about 5400 MPa (at 15°C 10 Hz; υ = 
0.35) (LCPC-SETRA, 1994). It is aimed to apply 
about 300g/m² of residual tack coat for section with-
out grid and about 500 g/m2 for the other sections 
with a grid. 
The geogrid used as reinforcement is the glass fiber 
grid G1 (Chazallon et al., 2017). This grid is an elas-
tic composite of warp and filling yarns and a non-
woven part of polyester fiber (mesh size of 40 x 40 
mm2) (Figure 1). Its mechanical resistance at failure 
is equal to 50 kN/m. 
 
 

 
 
Figure 1. Glass fiber grid G1. 

2.2 Construction   

A large scale test field of 30m ൈ 3m (Figure 2) is 
prepared for specimen creation using standard road 
work equipment and glass fiber grid installation 
techniques. The construction of the test field was 
carried out from 24th to 25th November, 2015. For 
the two days, the temperature was around 12°C with 
around 90% of humidity. The P1Section is prepared 
with a double-layered asphalt pavement without the 

grid and the P3 section is prepared with the grid. In 
both sections two layers having a thickness of 100 
mm each are achieved. For construction reasons, 
each layer of the two layers contains two under lay-
ers (Figure 3). From each section, slab of 280	ൈ480 
ൈ 250 mm will be cut in order to be sawn into two 
samples (Figure 2). For the P3 section an amount of 
more than 500 g/m2 of residual binder were spread at 
the interface before the application of the grid with 
the application of a supplementary quantity after its 
application (Figure 4).  
 

 
 
 
Figure 2. Test sections of the ANR SolduGri project. 

 
 

 
 
Figure 3. Air content for reinforced and unreinforced specimen. 

 
 



 
 
Figure 4. Application of tack coat. 

2.3 Sample preparation    

For each slab extracted from the experimental sec-
tion, two cubes are cut out to obtain two samples of 
dimension (H	ൈ 200 ൈ150mm). Specimens are large 
enough to obtain a minimum of nine fiber glass 
meshes for the reinforced specimens. Elastic modu-
lus is found equal to 11000 MPa at 15°C 10 Hz (υ = 
0.35). The indexes “a” and “b” are noted for speci-
mens situated respectively close to and further from 
the edge of the experimental sections (Figure 2). 
Figure 3 shows schematically the different layers for 
specimens with the air content reached in reality af-
ter construction. 
To prepare the WST specimen in a quite easy way, a 
semi-circular groove is made by coring, replacing 
the standard rectangular groove of this test (Gharbi 
et al., 2017). A starter notch of 5 mm in width is in-
troduced by sawing at the bottom of the semicircular 
groove (Figure 5). To have sufficient space for load 
transmission pieces which are made with steel mate-
rials and the wedge, the groove diameter is chosen 
equal to 56 mm. The size and dimensions of the 
wedge splitting specimen are given in Figure 5. 
 
 

 
 
Figure 5. The WST test (a) Dimensions of our specimen shape 
(b) bituminous specimen (Gharbi et al., 2017). 

2.4 Test method 

The WST was proposed by Linsbauer & Tschegg 
(1986) and developed by Bruhwiler & Wittlmann 

(1990). It is a simple test method used for the frac-
ture mechanical characterization of materials. A ver-
tical force ܨெ generated by the testing machine is 
transmitted from the wedge to the specimen by 
means of load transmission pieces and transformed 
into a much higher horizontal force	ܨு and a low 
vertical force	ܨ௏. The horizontal force	ܨு ൌ
-ሻ, "where "α" is the half of the wedge anߙሺ݃ݐெ/2ܨ
gle, leads to mode I tensile fracture and results in a 
splitting for the specimen. Here, the wedge angle is 
chosen equal to 14° (Figure 5a). The magnitude of 
the splitting force is determined by the equation 
ௌܨ ൌ  Figure 5a shows the principle of the test		ு.ܨ2
method for cubical-shaped specimens coming from 
the pavement sections. One of the surfaces of the bi-
layer specimen is prepared with speckled pattern for 
further DIC analysis (Figure 6a). The other one is 
prepared with a whiting chalk powder to visualize 
the crack propagation (Figure 6b). Load transmis-
sion pieces contain movable rollers in order to min-
imize the friction forces. Two LVDT sensors (with a 
measured range of 10 mm) are placed at the end of 
the starter notch (Figure 6b) to measure horizontal 
displacements. LVDT 1 is used to measure the crack 
opening displacement "δ". The WST test makes pos-
sible the determination of fracture mechanics prop-
erties of tested materials such as the specific fracture 
energy	ܩி. The energy ஺ܵ required for the fracture of 
the specimen is calculated from the area under the 
Fୗ 	െ δ curve (Tschegg et al., 1995a). The specific 
fracture energy ܩி is obtained, by Equation 1.  

ிܩ ൌ
ௌಲ
ௌಷ

 (1) 

Where SF is the final fracture area of the specimen. 
Tests are performed with a mechanical testing ma-
chine Zwick with a load capacity of 2.5 KN, and a 
cross head speed of 2 mm/min according to the liter-
ature (Tshegg et al., 1996). All tests are realized at 
ambient temperature (approximately 20°C).  
 
 



 
 
Figure 6. The adapted WST test used in this project (a) Princi-
ple of the test (b) LVDTs’ positions. 

3 RESULTS AND ANALYSIS 

3.1 Fracture surface observation 

For reinforced specimens with glass grid fiber com-
ing from the P3 section (Figure 2), we noted, after 
the WST tests, that a total de-bonding occurred be-
tween two bituminous layers stuck with an important 
quantity of tack coat. Figure 7 shows the fracture 
surface for these tested reinforced specimens. Three 
types of de-bonding mode of the grid in the fracture 
surface occurred. The first is when the grid still 
bonded on the bottom surface of layer 1 (Figure 7a, 
c). The second is when the grid bonded on the top 
surface of layer 2 (Figure 7d). The third is when the 
grid bonded to both layers (Figure 7b).  
 
 

 

 
 
Figure 7. Fracture surfaces of reinforced specimens. 
 

The total fracture of the specimen was not 
achieved for specimens without a grid. Actually, the 
key stage for a successful test is the implementation 
of different elements of the WST test (load transmis-
sion pieces and the wedge). In the case where the 
wedge is blocked and its transition into the specimen 
through load transmission pieces can be stopped. 
This problem has been noted for P1-4a specimen 
(Figure 8). The high thickness of the notch (5mm) 
(Figure 5a) may be one of the problems of the adap-
tation of this test for materials stemming from real 
pavement sections.  
 



 
 
Figure 8. Wedge blocked on the bottom of the notch.  

 
Therefore the real depth of the crack is not quite 

known for unreinforced specimens. In order to ap-
proximate the fracture area of the specimen,	ܵி, the 
real depth of the crack is then visually detected by 
means of the whiting chalk powder (Figure 9) or 
with DIC technique.  

 
 

 
 
Figure 9. Determination of the depth of the crack using whiting 
chalk powder. 
 

3.2 Fs-ߜ curves 

This section illustrates the main findings obtained 
from the WST test for reinforced and unreinforced 
samples. The Fୗ 	െ δ௅௏஽்ଵ curves are initially pre-
sented. As mentioned previously, the crack opening 
displacement (δ୐୚ୈ୘ଵ) is obtained using the LVDT 
1. WST tests showed stable crack propagation for re-
inforced specimens. Typical load displacement 
curves for all reinforced specimens are shown in 
Figure 10. The different curves exhibit dispersed re-
sults. Indeed, one of the main reasons is that the re-
sidual binder amount spread at the interface is not 
quite controlled during the construction.  
As published from others mode I tests results using 
the interface Bond Test (Hakimzadeh et al., 2012) 
with fracture surface of about twice as small as our 
fracture surface, the amount of the tack coat also 
plays a role on the performance of the interface bond 
for bituminous materials. It is highlighted that for a 

smaller application amount of the tack coat, a small 
value of the specific fracture energy is observed, for 
a test temperature varying between 12°C and 25°C. 

 

 
 
Figure 10. Load displacement curves for reinforced specimens 
(2 mm/min, T ≈ 20°C). 

 
Due to problems described in the previous section 

(Figure 8) tests on unreinforced specimens are 
stopped at an advanced stage before a total delami-
nation of the interface. This explains the shape of 
Fୗ 	െ δ curve shown in Figure 11, where the load is 
not decreased until 0N. 
 

 
 
Figure 11. Load displacement curves for unreinforced speci-
mens (2 mm/min, T ≈ 20°C). 
 

Globally the results are dispersed for unrein-
forced and reinforced specimens. In fact, specimens 
noted ”a” situated far from the edge of the pavement 
sections (Figure 2) show a higher splitting load than 
the other specimens close to the edge. It is may be 
explained by the difference in compaction condi-
tions for each part of the pavement during construc-
tion and the use of an uncontrolled residual binder 
content. 

By comparing curves in Figure 10 and 11 on four 
specimens of each configuration, we note that the 
maximum loads of non-reinforced samples are gen-
erally more important than those for reinforced sam-
ples. These comments will be improved with more 
tests in the future. 



3.3 Application of DIC  

With the aim of deepening the knowledge of crack 
propagation in such a test, a digital image correlation 
(DIC) technique is used. This technique has been 
deployed since 1980 in order to deepen knowledge 
about the determination of crack opening (Sutton et 
al., 1983; Roux et al., 2009; Hild and Roux, 2006; 
Pop et al., 2011, Buttlar et al., 2014). The principle 
of this technique is to follow the positional changes 
of a speckled pattern located on the sample surface. 
The speckled pattern is typically artificial by apply-
ing water based black and white paint (Figure 6a). 
Let’s consider a reference image defined as ݂ which 
is acquired at the initial stage. After instant t, a shift-
ed image ݃ will be created by an in plane displace-
ment field ݑሺݔሻ and defined by	݃ሺݔሻ 	ൌ 	݂ሺݔ ൅
ሻሻݔሺݑ 	൅ 	ܾሺݔሻ, where b(x) is noise induced by im-
age acquisition (Hild and Roux, 2006). The numeri-
cal correlation consists of minimizing the correlation 
function between the function ݂ and ݃. 
In this study, the software Correla 2012 developed 
by the University of Poitiers is employed (Dupré et 
al., 2012). The images obtained contained 
1388x1038 pixels. The zone of interest (ZOI) de-
fined in DIC analysis is illustrated in Figure 6(a). 
The subset size 64x64 pixels is chosen with vertical 
and horizontal gaps of 1 pixel. The horizontal factor 
scale is about 0.21 mm/pixel. The bilinear image in-
terpolation algorithm was used for sub-pixel evalua-
tion. Displacement δ஽ூ஼ is also determined by a DIC 
technique. The principle is to choose two points in 
the image (Figure 12) which correspond to the posi-
tion of the LVDT1 and determine the displacement 
between those two points during a test by using Co-
rella 2012. 

 
 

 
 
Figure 12. Determination of	δ஽ூ஼.	

 
Assuming that the WST test is a quasi-pure mode I 
test, only displacement along z coordinates are stud-
ied (Figure 5). Figure 13 and 14 show an example of 
Fୗ 	െ δୈ୍େ curves compared to Fୗ 	െ δ୐୚ୈ୘ଵ curves 
for an unreinforced and reinforced specimen. 

 
 

 
 
Figure 13. Comparison between load - displacement curves 
from LVDT1 and load - displacement curves from DIC for the 
unreinforced specimen P1-4b. 
 
 

 
 
Figure 14. Comparison between Load displacement curves 
from LVDT and Load displacement curves from DIC for the 
reinforced specimen P3-8b. 

 
With the DIC technique, it is also possible to 

identify the depth of the crack at final stage (ܽ௖). 
Hence the specific fracture energy is calculated with 
the actual fracture area SF. Figure 15 explains the 
method used to determine the crack depth, ܽ௖ is the 
crack depth calculated from Equation (2):  

ܽ௖ ൌ ሺܷ௫ ൅ ሺ݊ െ 1ሻ ൈ 64ሻ ൈ  (2)  ݐ

Where t = 0, 18 mm is the vertical scaling coeffi-
cient for 1 pixel, and ܷ௫ can be defined as follows 

ܷ௫ ൌ ∑ ௜ݑ
௡
௜ୀଵ 	 (3) 

The final depth of crack corresponds to the position 
ܲ݊ where no change in position is observed. 

 
 



 
 
Figure 15. Determination of crack depth by calculate the sum 
of the distances between the first (Pt1) and the final positions 
(Ptn). 

 
So, for unreinforced specimens the real crack 

depth is calculated according to a DIC method de-
scribed previously. SA and SADIC are the energy re-
quired for the fracture of the specimen which are 
calculated respectively from Fୗ 	െ δ஽ூ஼ curves and 
Fୗ 	െ δ௅௏஽்ଵ (Table 1).  Table 1 gives an idea about 
different results found for only 4 specimens for each 
type of sample. The specific fracture energies are 
then calculated through Equation 1. Results from 
LVDT and DIC method are close to both reinforced 
and unreinforced specimens. Table 1 shows that the 
lowest value of the fracture surface SF corresponds 
to the bigger value of the specific energy GF.  

Comparing results for reinforced and unrein-
forced samples on only 4 specimens for each one, 
results show that the use of glass grid fiber reduces 
the bond performance between layers.   
 
Table 1. WST’s results for tested specimens 
Speci-
mens 

SF 
(m²) 

FSmax 

(N) 
 

SA 
(N.m) 

 

SADIC 
(N.m) 

 

GF 

(J/m2) 
 

GFDIC 

(J/m2) 
 

P1-1b 0.013 1619 5.67 5.34 445 419 
P1-3b 0.014 1673 8.07 6.8 594 501 
P1-4a 0.017 1136 6.23 6.22 361 360 
P1-4b 0.011 1471 6.26 6.27 596 597 

                                     GFaverage~499 ~469 
P3-8a 0.022 

0.022
0.021
0.021 

279 0.50 0.49 23 22 
P3-8b 1101 3.46 3.36 161 166 
P3-9a 684 2.17  102  
P3-9b 1452 3.13 3.08 146 144 

                                      GFaverage ~108 ~111 

4 CONCLUSION   

In this paper, the wedge splitting test was successful-
ly applied with the aim of comparing the bond per-
formances between asphalt layers with and without a 
glass grid at the interface. The major challenge was 
the adaptation of the WST test to these types of ma-
terials with an important geometry coming from 
road construction and the research of the crack 
length. On only four specimens fracture energy of 

bitumen reinforced with a glass grid fiber was exper-
imentally investigated with the WST test.  

The conclusions obtained from this first study are 
as follows:  

1. With glass grid fiber as reinforcement an 
abatement of the specific fracture energy for 
bituminous material, up to 80% compared to 
unreinforced bituminous materials, has been 
achieved. 

2. Digital Image Correlation DIC technique is 
appropriate to find the depth of the crack. 

It should be noted that these conclusions were drawn 
based on the initial results from this study, which 
only used one type of grid and only four specimens 
for each case. As well as for the work done in mixed 
mode condition (Chabot et al., 2013), a modelling 
step is needed to better understand the de-bonding 
phenomena between asphalt layers and glass grid 
layer. In addition to this, characterizing the bond of 
such interfaces, under different climate conditions 
such as different temperatures from cold to warm 
and under a water bath or not, similar to (Chabot et 
al., 2016), is one of the principal objectives of this 
project. 
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