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Abstract. Reflective cracking at transverse joints is considered as a predominant distress in composite 
pavements. Various interlayers have been used previously to prevent or retard reflective cracking. 
Engineered cementitious composite (ECC) is a special type of high-performance fiber-reinforced 
cementitious material that is expected to perform better as an interlayer due to its higher tensile strength and 
ductility. This study aims to evaluate the effectiveness of ECC as an interlayer system experimentally. A 
laboratory test protocol was designed to simulate repeated traffic loads to measure the fatigue performance 
of ECC interlayer system using digital image correlation (DIC) technique. It was found that the composite 
pavement specimens with ECC interlayer provided significantly higher fatigue life as compared to the 
control specimens without interlayer. This result indicates that ECC could be used as a potential effective 
interlayer system to retard or mitigate reflective cracking. 

1 Introduction  
When hot mix asphalt (HMA) layer is constructed over 
an existing Portland cement concrete (PCC) layer, 
significant tensile strain originates at the bottom of the 
HMA at transverse joints. Such strains are caused due to 
high stress concentration from heavy traffic loads, 
changing temperature, and lack of base support. 
Overtime these tensile strains accumulate and result in 
micro crack in the HMA at the transverse joint, which 
then transform into macro cracks and propagates upward 
and hence termed as reflective cracking. The reflective 
cracking is one of the most common causes of composite 
pavement deterioration [1]. Utter prevention of reflective 
cracking is not yet invented, although several methods 
have been suggested to decelerate its formation and 
propagation [2]. 

Generally, saw and seal, chip seal, fiberglass grid, 
SAMI, STRATA, and fabrics have been used as 
interlayers between PCC and overlaid HMA to retard 
reflective cracking. Elseifi et al. [3] found that saw and 
seal, chipseal has shown improvement of service life 
however fiberglass grid decreased service life when used 
as interlayer. SAMI, STRATA, and fabrics showed 
mixed results as interlayer for composite pavements. 
Amini [4] evaluated the performance of paving fabrics to 
delay reflective crack propagation. He found that fabrics 
improved pavement life in general, but there were cases 
where fabrics provide little or no improvement. 
Gonzalez-Torre et al. [5] demonstrates the effectiveness 
of geosynthetics as an anti-reflective cracking system for 
different load frequencies using laboratory experiments. 
In their research, geosynthetics were found to be 

effective interlayer system at low frequency loads but 
not at high frequency loads. Moreno-Navarro et al. [6] 
showed how deconstructed tires could increase fatigue 
life of pavements if used as an interlayer. They 
recommended this material as an alternative interlayer as 
it provides significant increase in fatigue life of test 
specimen. Using composite specimen interface cracking 
tests, the efficiency of asphalt rubber membrane 
interlayer (ARMI) was examined by Chen, Lopp and 
Roque [7]. They found that ARMI cannot delay 
reflective cracking. Sudarsanan et al. [8] assessed the 
performance of jute woven and nonwoven geotextiles as 
interlayers through a series of laboratory experiments. 
Only jute woven geotextiles had shown some potential 
ability to retard reflective cracking. However, nonwoven 
geotextiles did not show significant prospective to be an 
interlayer as it could not delay reflective cracking. 
Fiberglass grid performance was investigated by Fallah 
and Khodaji [9] where it shows significant improvement 
of fatigue life under repeated loading cycles. Khodaii et 
al. [2] has also evaluated the performance of geogrid on 
asphalt pavement to retard reflective cracking. They 
reported that geogrid provided maximum life when it 
was placed at a one-third depth of overlay thickness 
from the bottom. 

From the review of literature, it is obvious that many 
researchers are evaluating the performance of different 
materials as interlayer system. As engineered 
cementitious composites (ECC) is a probable material to 
be used as an interlayer due to its higher ductility and 
strength, this study is dedicated to evaluate the 
performance of ECC as an interlayer. ECC is a special 
kind of fiber reinforced composite that exhibits strain 
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hardening behavior and high ductility under tension [10, 
11]. Unlike conventional concrete, ECC forms multiple 
tight cracks under tension before final fracture, which 
leads to high deformation capacity and fracture 
resistance. Studies also showed that using ECC as 
overlays for repair of bridge deck and rigid pavement 
successfully suppressed reflective cracking and 
dramatically extended the fatigue life [12-19]. 

Although ECC overlays have been demonstrated to 
be effective, constructing the entire overlay using ECC 
would be costly. Therefore, in this study, a thin precast 
layer of ECC would be placed between the existing PCC 
pavement and the HMA overlay just above the 
transverse joints. It is hypothesized that the ECC overlay 
would arrest the reflective cracking so that the HMA 
overlay constructed above the interlayer would not be 
affected by reflective cracking. 

2 Materials and specimen preparation  

2.1 Hot mix asphalt (HMA)  

Superpave mixture design was conducted for HMA 
mixture. The mix design yielded 4.75% optimum asphalt 
content for target air void of 4%. PG64-22 and limestone 
aggregates were acquired from local contractor. The 
aggregate gradation used for HMA mixture is shown in 
Table 1. 

 Table 1. Aggregate gradation used for the HMA mix. 

Sieve (mm) Passing (%) 
12.5 100 
9.5 94 

No. 4 85 
No. 8 68 
No. 16 46 
No. 30 25 
No. 50 14 

No. 100 8 
No. 200 3 

2.2 HMA beam specimen 

HMA beam specimens of 51mm x 51mm x 305mm were 
prepared using 90 kN (20 kip) dynamic press machine. 
The loose HMA mixture heated at compaction 
temperature of 150oC was poured into a steel mold. Top 
plate of dynamic press machine was allowed to sit on the 
steel compaction beam and then a ramp load of 20 kN 
was slowly applied. After initial compaction, a cyclic 
load using Haversine waveform was applied, where 
maximum and minimum loads were 65 kN and 2 kN, 
respectively. The cyclic load over the specimen was 
released after required thickness to achieve target density 
was obtained. The above procedure yielded uniform 
beam specimens of about 51 ± 2 mm thickness and air 
void content of 4 ± 0.25 %. 

2.3 Engineered cementitious composite (ECC) 

The material used to develop ECC mixture are Type 1 
Portland cement, class F fly ash, river sand, water, high 
range water reducing admixture, and Polyvinyl Alcohol 
(PVA) fibers. The mix proportion is summarized in 
Table 2 [20]. 

Table 2. Mix design of ECC (kg/m3). 

Mix ID FA 3.2 
Cement 302 
Fly Ash 965 

River Sand 467 
Water 329 

Admixture 3.6 
PVA Fiber (2% by Volume) 26 

 
In order to construct ECC, all the solid ingredients 

were thoroughly dry-mixed for 2 min. Water was then 
gradually added and mixed for another 2 min followed 
by water reducer agent as per need to achieve flowable 
paste. After reaching the required consistency, fibers 
were added slowly and mixed carefully for another 4 to 6 
min. The mixture was then poured on plate molds of 
305mm x 51mm x 12.5mm to prepare 12.5 mm and 6.25 
mm thick ECC specimens. The ECC used in this study 
was designed based on locally available material with an 
average tensile strength of 2.4 MPa and tensile strain 
capacity of 2.5%. All specimens were cured for 14 days 
under standard laboratory conditions (23±3°C and 
50±10% relative humidity) sealed in plastic sheet. 

2.4 Portland cement concrete (PCC) 

A quick mix concrete was used to prepare 51mm x 
51mm x 152mm PCC beam as base layer for the 
interlayer specimens. Two such beams 6mm apart were 
placed underneath the control HMA or ECC interlayer, 
representing a PCC joint under HMA layer. 

Control HMA and ECC Interlayer Composite 
Specimen. To prepare the control specimen, the HMA 
and two PCC beams were preheated at 145°C for 30 
min. The HMA beam was then bonded to the two PCC 
beams (6 mm joint at the center) using a thin layer of 
preheated PG64-22 asphalt binder as a tact coat 
(Figure 1). A 15 kg sustained load was placed on the top 
of HMA layer for 45 min to achieve adequate adhesion. 
In order to prepare the interlayer specimen, the preheated 
HMA beam was bonded with the ECC interlayer beam 
using preheated asphalt binder as before. The ECC beam 
was not heated unlike the PCC beam of control 
specimen. The HMA and ECC combined beam was then 
bonded with two PCC beams using epoxy glue. It should 
be noted that center span of about 150mm for ECC beam 
was not bonded with PCC to utilize maximum strain 
capacity of ECC interlayer. The combined thickness of 
ECC and HMA was always maintained at 50 mm. HMA 
beams thickness was reduced by a saw-cut before it was 
bonded to ECC. Figure 1 shows a schematic image of an 
ECC Interlayer specimen. 
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Fig. 1. Schematic image for the ECC interlayer specimen. 

3 Test methods  

3.1 Digital image correlation (DIC)  

DIC technique is one of ways to measure any strain at 
any direction on a 2D plane for a test specimen. 
Researchers have been using this technique to measure 
strain development and propagation on laboratory test 
specimens recently. In this technique, specimen face is 
painted with densely spread black dots on a white 
background. From the respective displacement of black 
dots (in any direction) on white surface strain could be 
measured from consequent images at the time loading 
and unloading. Hence, horizontal/vertical or shear strains 
could be measure by consequent images of the surface 
and could be corresponded to loading. Using this 
technique, a virtual extensometer could be put on any 
direction and strain could also be measured at that 
direction [21, 22]. Several researchers have used this 
DIC technique to study the strain development and 
propagation in different types of interlayers on 
pavements. With the help of the DIC technique, they 
also estimated fatigue lives of test specimens for 
performance measure of interlayer [23-26]. 

In this research, the DIC technique has been 
implemented to study the strain development and crack 
propagation of HMA layer with or without ECC 
interlayer. With the help of the DIC technique, fatigue 
lives of the specimens were also measured and 
performance of ECC was evaluated. 

3.2 Flexural ramp loading test 

At first, a flexural ramp loading test was performed on 
both ECC and control specimens to understand and 
compare the reflective crack development and 
propagation pattern. Specimens were supported 
uniformly by 12.5 mm thick rubber pad. The rubber pad 
was resting on a 50 mm thick steel base. A point load 
was applied at the center of the specimen at a rate of 0.5 
mm/min (Figure 1). With help of DIC camera, images 
were taken at every 0.25 s interval. These images were 
used to analyze horizontal strain distribution for the test. 
Triplicate specimens were tested for control, 6.25 mm, 
and 12.5 mm thick ECC interlayer under HMA beam. 

3.3 Flexural fatigue test 

Haversine load waveform with 0.1 sec of load-unload 
period and 0.5 sec of rest period was used for fatigue 

test. Maximum and minimum applied cyclic loads were 
1.0 kN and 0.1 kN, respectively. The repeated load was 
applied until a complete failure of the specimen. While 
test was being conducted, continuous DIC images were 
obtained using the camera with an interval of 60 sec. 
With the help of DIC images, horizontal tensile strain 
map was drawn and cumulative tensile strains were 
calculated to determine fatigue life for each specimen. 

4 Results and discussion  

4.1 Horizontal tensile strain map from ramp 
loading test 

For the flexural ramp-loading test, the horizontal tensile 
strain (Exxt) map obtained from DIC is shown in 
Figure 2. Three different time points from the beginning 
of the test were chosen (T1=90 sec, T2=240 sec, T3=420 
sec) for Exxt map as shown in the figures. It is worth 
mentioning that this strain is a total strain, which 
comprises elastic, plastic and viscous strain. Flexural 
Stress (ơ) at the bottom of HMA layer corresponding to 
time is calculated and mentioned in the figure. It is clear 
that without any ECC interlayer, one single reflective 
crack propagates from bottom to top, whereas with the 
presence of ECC interlayer, multiple cracks propagate 
from the bottom of HMA and they join together at the 
time of failure. Furthermore, DIC images did not detect 
any crack in ECC interlayer at failure. It was found that 
the ECC interlayer specimens showed higher flexural 
stress level at failure (14 MPa) as oppose to the control 
specimens which failed at stress level of 8.6 MPa. 
 

 

Fig. 2. Distribution of horizontal tensile strain (Exxt) for 
control and ECC Interlayer specimens. 

4.2 Fatigue life 

From the fatigue test specimens, the cumulative 
horizontal tensile strain (Exxc) is calculated from DIC 
images for each cycle at the bottom of the HMA layer. 
Location of virtual extensometer for Exxc calculation is 
shown in Figure 1 by a red line at the center-bottom of 
HMA layer. Figure 3a illustrates a comparison of 
cumulative horizontal tensile strains (Exxc) as a function 
of load cycles for both ECC interlayer and control 
specimens. 
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Fig. 3. (a) Cumulative tensile strain comparison, (b) fatigue life 
determination. 

It can be seen in Figure 3a that for the same load 
cycle, the thicker ECC interlayer of 12.5 mm exhibited 
significantly lower Exxc values as compared to the 
control ones. Similarly, for the thinner ECC interlayer of 
6.25 mm the Exxc values were lower than the control 
specimens during higher load cycles. Since the 
accumulation of tensile strain at the bottom of HMA 
layer was much lower for ECC interlayer system, it is 
expected that the fatigue life (Nf) for such mixtures will 
be much higher. In order to determine fatigue life, Exxc 
was plotted against the number of load cycles for each 
specimen as shown in Figure 3b. The rate of strain 
accumulation was calculated and then plotted as function 
of load cycles. It can be seen that the rate of 
accumulation decreased first, reached a minimum value 
and then started to increase. It is assumed that the 
increase in the rate is due to micro crack initiation and 
propagation. The number of load cycles at which the rate 
of cumulative tensile strain just started to increase was 
reported as fatigue life of the specimen as shown in 
Figure 3b. The fatigue lives of the control and ECC 
interlayer specimens were determined and compared as 
shown in Table 3. It is obvious that the ECC interlayer 
specimens exhibited approximately 70% and 140% 
average increase of fatigue lives, for 6.25 mm and 12.5 
mm thick ECC, respectively. This indicates that the ECC 
interlayers were successful in distributing the stresses to 
a wider area. Thus, resulting in lower tensile strains at 
the bottom of HMA layer and delaying the micro crack 
initiation, formation of macro cracks and propagation as 
reflective cracks. 

Table 3. Summary of fatigue life of control and ECC interlayer 
systems. 

Specimen Type Average Standard Deviation 
Control 27,400 8,950 

ECC interlayer 6.25 mm 46,500 750 
ECC interlayer 12 mm 65,000 1,850 

 
Map of Cumulative Horizontal Tensile Strain under 

Fatigue loadings. For the fatigue test specimens, the 
cumulative horizontal strain map comparison for control, 
ECC 6.5 mm and ECC 12.5 mm interlayer at 36,000 and 
84,000 cycles are shown in Figure 4. By 36,000 cycles, 
the control specimen failed as the rate of strain (Exxc) 
accumulation started to increase rapidly and crack 
initiation was also detected by DIC. On the contrary, the 
ECC 6.25 mm specimen did not reached the fatigue life 
as its rate of strain (Exxc) did not start increasing by this 
time. The strain map is also showing that the ECC 6.5 
mm has distributed the strains (Exxc) on a wider area in 
respect to the control specimen. Maximum strain level 
for ECC 6.25 mm specimen was slightly less than the 
control specimen at this stage. ECC 12.5 mm shows 
significantly lower maximum strain (1.48%) at this stage 
and were not even nearer to fatigue life. ECC 12.5 mm 
also distributes the strains to a wider area like the 6.25 
mm specimen. 

 

 

Fig. 4. Distribution of horizontal tensile strain under fatigue 
loading. 

 
One single reflective crack is clearly visible at 84,000 

cycles for the control specimen, but ECC 6.25 mm 
specimen did not show a full depth crack at this time 
although the specimen exceeded its fatigue life. This 
implies that ECC 6.25 mm specimen takes longer time to 
generate a full crack after the crack initiation. In other 
words, ECC delays the crack propagation and full crack 
development. Although ECC 12.5 mm exceeded its 
fatigue life at 84,000 cycles due to increased rate of 
strain, it shows thin crack initiation lines at this stage. It 
is also noticeable that ECC itself did not show any crack 
or plastic strain in these images. 

5 Conclusions  
Based on the results and discussion the following 
conclusions were made: 

1. ECC interlayer significantly delays reflective 
crack growth by providing a firm base 
underneath the HMA. It was found that thicker 
ECC interlayer (12.5 mm) increased fatigue life 
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by 140% while the thinner ECC interlayer (6.5 
mm) showed 70% improvement. 

2. Horizontal tensile strain map as observed from 
DIC images for both ramp loading and fatigue 
test has illustrated that the ECC interlayer 
distributes the stress concentration at the joint 
to a wider area. For fatigue test, ECC reduced 
the tensile stress level on the bottom of HMA, 
which delayed reflective crack initiation, 
propagation and acceleration. This delay 
ultimately increased fatigue life of the ECC 
specimen. Instead of one single reflective crack 
as observed in the control specimen, ECC 
interlayer specimen generated multiple 
reflective cracks, which were connected with 
each other at failure. 

3. ECC interlayer beam did not show any 
significant strain and crack during ramp loading 
and fatigue tests. It was observed that the crack 
initiated and propagated through the HMA 
only.  

4. The results of the experimentation clearly 
indicate that ECC has high potential to be used 
as an interlayer system to mitigate reflective 
cracking in composite Pavements. 
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