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As one of the major contributors to the early failures of steel bridge deck pavements, the bonding between steel and asphalt overlay
has long been a troublesome issue. In this paper, a novel composite bonding structure was introduced consisting of epoxy resin
micaceous iron oxide (EMIO) primer, solvent-free epoxy resin waterproof layer, and ethylene-vinyl acetate (EVA) hot melt
pellets. A series of strength tests were performed to study its mechanical properties, including pull-off strength tests, dumbbell
tensile tests, lap shear tests, direct tension tests, and 45°-inclined shear tests. (e results suggested that the bonding structure
exhibited fair bonding strength, tensile strength, and shear strength. Anisotropic behaviour was also observed at high tem-
peratures. For epoxy resin waterproof layer, the loss of bonding strength, tensile strength, and shear strength at 60°C was 70%,
35%, and 39%, respectively. Subsequent pavement performance-oriented tests included five-point bending tests and accelerated
wheel tracking tests. (e impacts of bonding on fatigue resistance and rutting propagation were studied. It was found that the
proposed bonding structure could provide a durable and well-bonded interface and was thus beneficial to prolong the fatigue lives
of asphalt overlay. (e choice of bonding materials was found irrelevant to the ultimate rutting depth of pavements. But the
bonding combination of epoxy resin waterproof and EVA pellets could delay the early-stage rutting propagation.

1. Introduction

Steel bridge has been playing an important role in civil
engineering since the late 19th century. After World War II,
an orthotropic system was developed by German engineers
driven by the shortage of steel. Bridge decks in this form
could possess different stiffness in longitudinal and trans-
verse directions [1], allowing extremely minimized thick-
ness. However, certain distresses could take place due to the
flimsy steel deck. One of themost troublesome issues was the
failure of overlaying pavement, which was recognized early
in 1960s [2]. Cracking on SBDPs appeared much faster than
expected, resulting in frequent maintenance and replace-
ment. Two solutions were soon proposed by engineers from
north American and Europe, which were known as epoxy
asphalt mixture [3, 4] and mastic asphalt mixture [5],

respectively. Engineering practice of these solutions turned
out to be quite successful across the world [6–9]. Meanwhile,
driven by the need of durability and reliability, relevant
research was greatly pushed forward. Qian et al. [10]
designed a skeleton-dense epoxy asphalt mixture for the
purpose of skid resistance and evaluated its performance
with a movable accelerated loading simulator (MMLS3). Yin
et al. [11] studied the cracking mechanism of epoxy asphalt
and recommended epoxy resin-sealing material for SBDP
repairing. Widyatmoko et al. [12] demonstrated that the
stiffening effect caused by the addition of Trinidad lake
asphalt could be altered if proper polymer modifiers were
used. Kim et al. [13] evaluated the fatigue performance of
styrene-butadiene-styrene (SBS) modified mastic asphalt
mixtures by binder tests, four-point bending beam fatigue
tests, and indirect strength tests. (e SBS modifiers were
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found helpful to improve the low temperature crack resis-
tance as well as fatigue life of mastic asphalt. Besides epoxy
asphalt and mastic asphalt, stone mastic asphalt (SMA)
mixture was another competitive SBDP candidate. A notable
advantage of SMA over epoxy asphalt andmastic asphalt was
the cost effectiveness. In a typical 2-layer SBDP structure,
replacing the upper lift with SMA could achieve a better life
cycle cost [14].

(e difficulty of SBDP came from the extremely severe
conditions on bridges. Traffic load, rain, snow, deicing salt,
and even the vibration of the bridge could be a potential
threat. Metcalf conducted flexural tests on composite beams
to test fatigue performance [15]. (e theoretical analysis
suggested that large tensile strain might be the cause of short
service life. Günther et al. [16] pointed out that damage-level
cracks of pavements were related to the structural design of
the deck and proposed minimum strength requirements for
pavements. In recent years, highly developed finite element
modelling software made simulation of SBDP much easier.
Kim et al. [17] used a 3-D model to identify key factors
affecting the mechanical properties, which turned out to be
the maximum transverse tensile strain and interface
bonding. Chen et al. [18] used a multiscale numerical model
to study crack distribution. It was found that the transverse
cracks were a bigger threat than longitudinal cracks. Jia et al.
[19] investigated the field performance of two steel bridge
pavements by coring and chemical analysis. It was inferred
that poor bonding at the interface was the major cause of
distresses.

Among all the factors influencing the durability of SBDP,
it seemed that the bonding between steel plate and asphalt
overlay was the most controllable part. (e importance of
bonding has been recognized by engineers and researchers
for a long time. But limited effort has been made till recent
years. Bocci et al. [20] suggested using the physical instead of
chemical method to solve the bonding issue by mechanical
reinforcement at the interface. (e idea of physical rein-
forcement was possible but unlikely to be favourable by
designers or decision makers. Ai et al. [21] tested four
different waterproof bonding materials, then developed an
entropy-weight Technique for Order Preference by Simi-
larity to an Ideal Solution (TOPSIS) to find the optimal
solution based on test results. Zhang et al. [22] studied the
adhesion and deformation compatibility issue of epoxy
binder and methacrylate acrylate (MMA-) based adhesive.
Epoxy binder was found more suitable for epoxy asphalt,
while MMA was recommended for mastic asphalt. In ad-
dition, the existence of anticorrosive layer was found in-
dispensable. To summarize, the bonding material was
supposed to protect the steel plate, prevent moisture infil-
tration, andmaintain a strong adhesion simultaneously. As a
result, single material could hardly meet such requirements.
(erefore, a composite bonding structure was introduced in
this paper. (e composite bonding system consisted of 3
parts, a primer based on epoxy resin with micaceous iron
oxide (EMIO), a solvent-free epoxy resin waterproof layer,
and ethylene-vinyl acetate (EVA) hot melt pellets. Com-
pared with traditional bonding solutions, the following
advantageous features made this novel structure a promising

candidate to solve the bonding issue: (a) EMIO was used as
the primer of steel plate, which could provide fair anti-
corrosion protection as well as mechanical performance. In
all the tests conducted in this study, EMIO was found
possessing the greatest bonding strength. (b) In most pre-
vious bonding solutions, the waterproof layer served as the
bonding material, but the strength was usually not satis-
factory. In this study, EVA pellets were placed on top of the
waterproof layer to further enhance the bonding. (e pellets
would melt during the construction period of HMA and
form a strong interface. (c) (e use of solvent-free epoxy
resin was believed to be environmental-friendly compared
with traditional waterproof materials.

2. Materials and Test Methods

2.1. Materials. A model of the composite bonding structure
was shown in Figure 1.

Corrosion of steel caused by oxidization was theoreti-
cally inevitable, but it could be considerably delayed with
proper protections. In the proposed bonding structure,
EMIO primer was treated as the last defender of the steel
plates underneath. Its laminated microstructure could ef-
fectively prolong the path of moisture and oxygen infil-
tration [23]. On top of the primer, solvent-free epoxy resin
served as the waterproof layer, inhibiting vertical runoff as
well as other detrimental factors, such as dust, oil, and salt.
EVA pellets were spread on the surface of the waterproof
layer, initially in the state of solid particles. Once hot mixed
asphalt (HMA) was paved, the concomitant heat would melt
the pellets and eventually form a substantially bonded in-
terface. In this paper, two similar EVA pellets were studied,
denoted as “HT” and “LT”, respectively. LT was specially
designed for cold climate areas, so its melting point was
slightly lower than that of HT.

Basically, EMIO, epoxy resin, and EVA were all reliable
binders due to their chemical behaviours. To ensure the
effect of bonding, the material should reach a certain level to
form a thin film covering the interface. (is level was de-
termined by a series of tests by the manufacturer for the
user’s reference, as shown in Table 1. In practice, the usage of
bonding material could be adjusted depending on the de-
mand of the users. For example, in the pull-off test in Section
3.1, it was found that further increase of the usage of epoxy
resin waterproof material would not significantly strengthen
the bonding, but it was beneficial to get more stable test
results with less variation.

2.2. Test Methods. As a potential bonding structure for
SBDPs, there were more concerns beyond the protection
issue of steel plates. Firstly, each material was desired to
retain fair adhesion to one another. It would also be ben-
eficial for future maintenance if the weakest spot of the
structure could be located. Secondly, the bonding material
was expected to bear both tensile and shear stress caused by
traffic; thus, the corresponding strengths should be inves-
tigated with proper laboratory tests. (irdly, since most
bonding materials had a propensity to soften at high
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temperatures, such conditions should be covered in tests.
Lastly, the long-term performance under repeated loading
still remained questionable and was worth studying. In light
of these considerations, various tests were conducted as
listed in Table 2.

Tests 1 to 5 mainly focused on the strength issues of
bonding materials, which would be discussed in Section 3.
Tests 6 and 7 were pavement performance-oriented tests
under simulated traffic loading. (ey would be discussed in
Section 4.

3. Strength-Oriented Tests

3.1. Pull-Off Strength Test. Basically, the proposed bonding
structure was likely to fail in three modes: a. EMIO primer
stripped of steel, b. waterproof separated from EMIO
primer, or c. overlaying HMA disengaged with waterproof
layer. (e last debonding mode could hardly be studied
without HMA, but the first two modes could be easily tested
with pull-off strength tests in accordance with ASTM D
4541-17 [25]. (is test would place a metal fixture on top of
certain bonding materials. When the material was cured, a
portable tester would gradually pull the fixture until de-
tachment, as shown in Figure 2. (e maximum stress was
recorded as the pull-off strength.

Four groups of pull-off tests were performed. In the first
group, EMIO primer was coated on a cleansed steel plate
with a density of 0.3 kg/m2. (e second group placed an

additional waterproof layer with a density of 3.0 kg/m2 on
top of the EMIO. (e third group was similar to the second
group but differed in the waterproof density, which was
1.8 kg/m2. (e last group tested another commonly used
primer known as Zinc rich epoxy for comparison. (e pull-
off strength was tested at 3 temperatures of 25°C, 60°C, and
70°C in terms of high-temperature-related softening issues.
For each temperature, 4 specimens were tested after 7 days of
curing. (e test results were plotted in Figure 3.

At 25°C, EMIO primer exhibited the highest values
among all specimens. In contrast, zinc rich epoxy primer was
54.6% smaller. Meanwhile, introduction of waterproof layer
could significantly decrease the bonding strength of the
structure. Photos of failed specimens were shown in Fig-
ure 4. Comparing the failure mechanism in Figure 4(a) and

HMA surface

Waterproof&EVA Pellets

EMIO

Steel Plate

(a)

HMA

Melted EVA pellets

EMIO primer+Waterproof

Steel

(b)

Figure 1: Composite bonding structure. (a) Structure model and (b) cross section.

Table 1: Material properties of the composite bonding structure [24].

Layer Material Density Recommendation of use
Asphalt overlay
Hot-melt pellets EVA 1.2 kg/L 0.7 kg/m2

Waterproof Solvent-free epoxy resin 1.7 kg/L 1.7 kg/m2

Primer EMIO 1.6 kg/L 0.22 kg/m2

Steel plate

Table 2: Laboratory tests summary.

No. Concerns Tests
1 Bonding strength Pull-off strength test

2 Tensile strength of waterproof
layer Dumbbell tensile test

3 Shear strength of waterproof
layer Lap shear test

4 Structural bonding strength Direct tension test
5 Structural shear strength 45°-inclined shear test
6 Fatigue behaviour Five-point bending test

7 Rutting propagation MMLS3 wheel tracking
test
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Figure 2: Pull-off adhesion strength test. (a) Schematic diagram of the test. (b) Photo of a portable adhesion tester.
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Figure 3: Pull-off strength test results.
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Figure 4: Failure photos of pull-off tests. (a) Failure at EMIO-steel interface (25°C). (b) Failure at waterproof-EMIO interface (25°C, 3.0 kg/
m2).
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Figure 4(b), it could be seen that debonding between wa-
terproof material and EMIO could occur prior to the de-
tachment of EMIO and steel plate. Similar failure mode was
also observed under the other test conditions. (us, it could
be inferred that the waterproof-EMIO bonding was much
weaker than that of the EMIO-steel bonding. As the tem-
perature raised, significant loss of strength could be found in
all specimens. At 60°C and 70°C, EMIO primer could lose
72.3% and 82.5% of its strength, respectively. For waterproof
layer at the same temperatures, the strength losses were 72%
and 80% in average. It should be noted that the different
densities of the waterproof layer did not remarkably alter the
bonding strength. A plausible explanation for this phe-
nomenon was that the density of 1.8 kg/m2 was sufficient to
form a thin film on the surface, and merely increasing the
thickness of that film would not help better bonding of the
interface. However, a higher density of 3.0 kg/m2 was still
preferred in laboratory studies because it could guarantee
more stable test results.

3.2. Tensile Strength Test. Epoxy resin waterproof material
was placed under the HMA overlay. Under traffic load, it is
likely to bear tensile stress. Dumbbell tensile test in accor-
dance with ASTM D 638-14 [26] was adopted to investigate
its mechanical properties. Details of the test were exhibited
in Figure 5. Epoxy resin specimens were prepared in a
dumbbell-shaped mold with a thickness of 3.5mm. When
the specimens were cured, they were gripped by the tester at
each end and then stretched at a constant speed of
500± 5mm/min till failure. (e maximum stress during the
test was recorded as the tensile strength.

Two groups of specimens were prepared for tests after 7
days curing.(e test temperatures were set to 25°C and 60°C.
(e test results were plotted in Figure 6. At 25°C, the wa-
terproof layer exhibited typical elastic-plastic behaviours
and yielded stress before breaking. (e tensile strength was
over 10MPa, which was adequate in most cases. (e average
elongation rate of 16.1% also suggested fair ductility. At
60°C, the strength dropped approximately by 35%, but the
specimen was not breaking during the test. (is implied that
the tested tensile strength was not actually representing the
yielding stress, and the result was thus considered conser-
vative. Tests at 70°C were therefore unnecessary since the
exact tensile stress at such conditions would be unknown in
this test mode.

3.3. Lap Shear Test. Besides tension, shear was another
consideration for bonding material in structural design. Lap
shear tests were adopted based on ASTM D 1002-10 [27] in
this study. (e test procedures were shown in Figure 7.
Firstly, two steel plates were cleansed at one end and coated
with EMIO. After 1 day of curing, the coated ends were
overlapped and glued together by a membrane of epoxy
resin waterproof layer. (e curing time for assembled
specimens was 7 days. Afterwards the tester would apply
tension from each end, causing a shear stress within the
membrane. (e maximum shear stress during the test was
recorded as the shear strength.

Lap shear tests were conducted at temperatures of 25°C,
60°C, and 70°C. (e test results were plotted in Figure 8.
Judging from Figure 7(c), it could be seen that the water-
proof layer failed due to shear, but the bonding between steel
and EMIO remained intact. (is phenomenon implied that
the bonding provided by the waterproof layer was weaker
than that of EMIO primer, which was identical with previous
test results. Another notable fact was the anisotropic be-
haviour of waterproof material under high temperature
conditions. At 60°C, the loss of bonding strength was ap-
proximately 70%.Meanwhile tensile and shear strength were
only decreased by 35% and 39%, respectively. It could be
inferred that the temperature-induced softening mechanism
would trigger debonding issues prior to the failure caused by
shear or tension.

3.4. Direct Tension Test. (e bonding effect between wa-
terproof and HMA overlay was determined by two critical
factors. (e first one was the strength provided by the
bonding material, which was thoroughly studied by re-
searchers. But the other factor could be easily ignored, which
was the contact area. Air voids existed in HMA even if the
best compaction was performed.(e substantially contacted
area was thus smaller than the paving area. For SBDPs, the
situation could be worse because the compaction effort was
likely to be restricted. (e introduction of EVA pellets was
targeted on this issue. When the pellets were melted and able
to flow, they could be squeezed into the HMA voids by
compaction. (is mechanism not only provided extra
bonding by enlarging the contact area but also enhanced the
structural integrity by coarsening the interface.

In this study, direct tension tests were employed to study
the bonding between waterproof and HMA overlay, as
shown in Figure 9. Asphalt mixture used in this test was
stone mastic asphalt (SMA), a commonly used gap-graded
mixture. For test setup, EMIO primer was coated on a
10 cm× 10 cm steel plate first. Epoxy resin waterproof and
EVA pellets were then placed with densities of 3.0 kg/m3 and
0.8 kg/m3. After the waterproof layer was cured, a 4 cm SMA
lift was paved to melt the pellets. (e other end of the
specimen was glued to an identical steel plate with fast-
setting epoxy resin. (e assembled specimen would be
stretched by the tester at a constant speed of 10mm/min
until failure.

Two kinds of EVA pellets, HT and LT, were tested at
three different temperatures of 25°C, 60°C, and 70°C, re-
spectively. (e melting temperature of LTwas slightly lower,
which made it a potential candidate for cold area or warm
mixed conditions. Test results are summarized in Figure 10.
At 25°C and 60°C, SMA failed prior to the interface. (e
tested strength actually belonged to SMA instead of the
bonding structure. (us, only the test results at 70°C could
properly represent the bonding strength. (e combination
of different pellets showed no significant compact on test
results. It could be inferred that the bonding provided by
either structure was stronger than HMA tensile strength at
low temperatures. Potential debonding distress only took
place at extremely high temperature conditions.
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3.5. Inclined ShearTest. (e shear strength provided by EVA
pellets was investigated by 45°-inclined shear tests, as shown
in Figure 11.(e specimen preparation was similar to that of
direct tension test, except that it was placed 45° off the
horizontal plane.(e tester applied a compressive load in the
vertical direction, causing a shear stress along the interface.

An alternative option was direct shear test [28]. (ese
two methods differed only in how the normal stress was
applied at the interface. For direct shear test, the normal
stress could be altered manually, allowing for a wide range of
different stress states to be tested and thus quite suitable for
the establishment of constitutive equations. In contrast,
inclined shear test maintained a constant normal-shear
stress ratio, and the shear strength results were found more
stable in practice.

8 groups of specimens were tested at three temperatures
of 25°C, 60°C, and 70°C. (e first group was tested at the
standard condition. (e interface was bonded with water-
proof and HTpellets at densities of 3.0 kg/m2 and 0.8 kg/m2,
while SMA overlay was compacted at 170°C. (e 2nd to 4th
groups altered the density settings in order to study the
impact if less bondingmaterial was used in construction.(e
5th to 8th groups introduced LT pellets as well as lower
compaction temperature of 150°C. In all tests, the specimens
failed due to SMA-waterproof interface detachment.(e test
results are plotted in Figures 12 and 13.

Judging from Figure 12, changing the densities of wa-
terproof or HT pellets could hardly result in fluctuations of
shear strength. (e loss of shear strength at 60°C and 70°C
was approximately 74% and 85% in average, respectively. It

(a) (b)

(c) (d)

Figure 5: Dumbbell tensile test. (a) Dumbbell-shaped mold for specimen preparation; (b) dumbbell-shaped specimens; (c) tensile test
apparatus; and (d) failed specimens.
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should also be noted that these values were closer to the
results of EMIO-waterproof pull-off tests instead of lap shear
test. A plausible explanation for this phenomenon was that
the temperature-induced softening mechanism would most
significantly weaken the bonding strength. As a result, the
interface detached due to shear prior to the failure of wa-
terproof membrane or SMA.

In construction phase, the control of compaction tem-
perature could not be as perfect as laboratory conditions. In
some cases, warm mixed asphalt could also be used due to
aging or environmental considerations. (e tests on LT

pellets and lower compaction temperature aimed to inves-
tigate such influence. It could be seen from Figure 13 that the
150°C-compaction temperature could undermine the
structural shear strength of HT pellets structure at a mag-
nitude of 5%, 43%, and 31% at 25°C, 60°C, and 70°C, re-
spectively. Clearly such impact was more significant at high
temperatures. As for LTpellets, the strength at 25 °C was 7%
higher than that of HT under 170°C-compaction. However,
LT-structure could lose 88% and 94% of its strength at 60°C
and 70°C, respectively, which made its performance worse
than HT-structure at such temperatures. Meanwhile, lower
compaction temperature could scarcely influence the LT-
structure. (is was likely to be caused by its lower melting
point. (erefore, the trade-off of LTpellets was that it partly
sacrificed high temperature performance in exchange for
compatibility of lower compaction temperature.

It could be seen from the strength-oriented test results
that the strength provided by bonding materials was greater
than that of HMA overlay at 25°C, in both shear or tensile
modes. (e only strength-related concern was the high
temperature conditions. Due to the chemical properties, the
bonding materials would soften faster than asphalt mixture.
(is phenomenon could result in a faster deterioration in
practice and should be considered in design stage. Besides
the strength issues, the performance under repeated loading
remained another crucial consideration, which would be
investigated in the following section.

(a) (b)

(c)

Figure 7: Lap shear test. (a) Specimen preparation; (b) test setup; and (c) failed specimens after test.
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(a) (b)

(c) (d)

Figure 9: Direct tension test. (a) Specimen preparation. (b) Test setup. (c) Failure of SMA (25°C and 60°C). (d) Interface debonding (70°C).
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4. Pavement Performance-Oriented Tests

4.1. Five-Point Bending Test. To study the fatigue resistance
of SBDP, five-point bending test (FPBT) was adopted. In
Figure 14 FPBTwould cause a negativemoment in the centre
of the beam [29]. Liu et al. used a 3-D finite element model to
simulate asphalt overlay on orthotropic steel decks and
strongly recommended FPBTas an ideal test method for this
issue [30]. A sketch of FPBT test is shown in Figure 14(a).
(e specimen of FPBTwas a 700mm× 200mm×12mm steel
plate with a 700mm× 150mm×40mm asphalt overlay. (is
composite beam was supported by 3 rollers at offsets of
50mm, 350mm, and 650mm, respectively, while the load
was applied symmetrically at the locations of 175mm and
525mm. (e specimens were tested in stress-controlled
mode to simulate real traffic conditions at 20°C. A sinuous

load ranging from 2.7 kN to 18 kN with a frequency of 10Hz
was determined based on trial loadings.

(e specimen preparation of FPBT is shown in
Figure 14(b). First a steel plate was coated with primer and
waterproof layer.(en a rectangular mold was placed on top
of it. HMA overlay would be filled in the mold and com-
pacted with a slab roller. When the temperature of HMAwas
cool enough, the mold could be removed and the beam
specimen was placed in the test equipment. Four linear
variable differential transformers (LVDTs) were fixed on top
of the surface to monitor the tensile strains, as shown in
Figure 14(c).

Four groups of FPBTs were conducted as shown in
Table 3. (ree parallel specimens were tested for each group.
For all tests, the steel plates underneath were coated with
EMIO primer. (e 1st group consisted of SMA overlay and

(a) (b)

Figure 11: Inclined shear test. (a) Test setup. (b) Failed interface.
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the standard bonding structure proposed in this paper,
which was the combination of HT pellets and solvent-free
epoxy resin waterproof material. In the 2nd group, SMA was
replaced with Guss-asphalt mixture (GA). (e 3rd and 4th
groups both employed SMA overlay but differed in the
interface bonding. (e 3rd group removed HT pellets from
the structure and used epoxy resin alone, while the 4th group
adopted rubberized asphalt waterproof material.

For stress-controlled fatigue test, the modulus of spec-
imen would gradually decrease as the microcracks accu-
mulated in the structure. As a result, increasing tensile strain
could be observed with the loading repetition. As the
microcracks grew and merged to form fractures in the beam,
eventually the specimen would not be able to stand the load
anymore and the LVDTs would observe an extremely large

strain exceeding the range. (is point was defined as fatigue
failure, and the corresponding loading repetition was de-
fined as fatigue life. In this study, when the loading repetition
reached 1 million, the load was increased by 50% to ac-
celerate failure. (e tensile strains in the centre of the beam
during the tests are plotted in Figure 15.

In terms of asphalt overlays, GA maintained a smaller
tensile strain during the test compared with SMA overlays.
(e selection of bonding materials could also result in
different fatigue behaviours. (e combination of HT pellets
and epoxy resin waterproof layer excelled rubberized asphalt
in fatigue resistance with both smaller tensile strain and
longer fatigue life. However, removing HT pellets from the
bonding structure would increase the surface tensile strain
by 20% and lead to much earlier failure. (e performance of

F
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Overlay
Steel
Plate
Roller

5050 300300
175 175 125125

(a) (b)

(c)

Figure 14: Five-point bending test setup. (a) Sketch of FPBT. (b) Specimen preparation. (c) LVDT setup.

Table 3: Pavement structures for FPBT.

Structure no. 1 2 3 4
HMA overlay SMA GA SMA SMA
Interface bonding HT pellets and epoxy resin HT pellets and epoxy resin Epoxy resin Rubberized asphalt
Steel plate + EMIO primer
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epoxy resin waterproof material alone was worse than that of
rubberized asphalt. (is phenomenon further validated the
effectiveness of EVA pellets.

4.2. Accelerated Wheel Tracking Test. Permanent deforma-
tion was another major distress of pavements. In this study, a
one-third scale Model Mobile Load Simulator (MMLS3) was
used to study the rutting resistance, as shown in Figure 16.
(e advantage of this simulator on rutting evaluation was
validated by Epps et al. [31] at WesTrack. In recent years,

MMLS3 was also preferred by researchers in rutting-related
studies due to its efficiency and convenience [32].

(e specimen was fabricated as shown in Table 4. (e
total length of the specimen was 900mm and was equally
assigned to 4 sections. (e combinations of asphalt overlays
and bonding materials were consistent with that of FPBT
fatigue tests. (e 6 cm-thick specimen was then bathed in
60°C-water to accelerate rutting propagation. (e loading
system applied channelized loads with rubber tires at a
magnitude of 50 kN and a tire pressure of 700 kPa at a
frequency of 5000 times/hr.
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Figure 15: FPBT fatigue test results.

(a) (b)

Figure 16: MMLS3 apparatus. (a) Overview. (b) Water channel for specimens.

Table 4: Specimen preparation for accelerated pavement test.

Specimen

Length 22.5 cm 22.5 cm 22.5 cm 22.5 cm
Surface HMA SMA GA SMA SMA
Interface bonding HT pellets and epoxy resin HT pellets and epoxy resin Rubberized asphalt Epoxy resin

Steel plate + EMIO primer
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During the test, no stripping or interface detachment
was observed. (e cumulative rutting depths at 1 k, 100 k,
300 k, 500 k, and 1000 k repetitions were measured and
plotted in Figure 17.(e rutting of GA was smaller than that
of SMA before 300 k repetitions, but its ultimate depth was
the greatest. A possible explanation was that the absence of
compaction weakened the rutting resistance of GA. As for
SMA, the rutting depth in early stage showed certain dif-
ference.(e performance of the section using HTpellets and
epoxy resin was the best while rubberized asphalt section was
the worst. However, the ultimate rutting depth of all SMA
sections converged to approximately 7mm after 1 million
loading repetitions. It could be thus inferred that the
bonding material selection had little impact on the final
rutting depth, but using the combination of EVA pellets and
epoxy resin waterproof material could effectively delay
rutting propagation in early stages. (is conclusion was also
conservative because the factor of asphalt aging could not be
incorporated in accelerated tests.

5. Conclusions

(is paper introduced a novel bonding structure for SBDP,
consisting of EMIO primer, solvent-free epoxy resin wa-
terproof layer, and EVA hot melt pellets. Various laboratory
tests were conducted to study its performance in terms of
strength as well as resistance to fatigue and rutting. In terms
of the test results, some key findings were summarized as
follows.

(a) In the pull-off tests, bonding strengths of steel-EMIO
and EMIO-waterproof were tested.(e performance
of EMIO primer was satisfactory. In subsequent
tests, EMIO primer was never found to strip or fail.
(e EMIO-waterproof interface was believed to be a
potential weak spot in the structure. Its bonding
strength was 20% smaller than that of steel-EMIO
interface at 25°C. A waterproof density of 1.8 kg/m2

was sufficient to provide fair bonding. Further
raising the density would not significantly enhance

the strength but could achieve smaller deviation in
tests.

(b) (e tensile strength and shear strength of solvent-
free epoxy resin waterproof coating were tested with
dumbbell tensile test and lap shear test, respectively.
(e epoxy resin was found to be anisotropic at high
temperatures. (e loss of bonding strength, tensile
strength, and shear strength at 60°C was approxi-
mately 70%, 35%, and 39%, respectively. High
temperature conditions would likely to cause
debonding prior to other distresses.

(c) Two kinds of EVA pellets were adopted in the
bonding structure aiming to further enhance the
bonding between epoxy resin waterproof and HMA
overlay. Such bonding was tested with direct tension
tests. At 25°C and 60°C, HMA failed prior to the
bonding structure, so it could be inferred that the
bonding strength was sufficient for both pellets.

(d) A series of 45°-inclined shear tests were conducted to
identify the key contributors to shear strength. For
HT pellets, varying the densities of epoxy resin
waterproof layer or the pellets could hardly cause
strength fluctuation. But the compaction tempera-
ture of HMA overlay was critical. (e 150°C-com-
paction condition could result in a 43% shear
strength loss at 60°C. For LT pellets, its 25°C-shear
strength as well as its tolerance with lower com-
paction temperature was better compared with HT.
However, its strengths at 60°C and 70°C were only
50% of those of HT pellets.

(e) In FPBT fatigue tests, the bonding combination of
epoxy resin waterproof layer and HT pellets
exhibited the minimum tensile strain as well as the
longest fatigue life. However, once HT pellets were
removed from the structure, the tensile strain could
increase by 20% instantly and result in a much
sooner failure of the specimen.

(f ) Rutting behaviours were tested with MMLS3
accelerated wheel tracking test. It was found that the

0

2

4

6

8

10

Ru
tti

ng
 D

ep
th

 (m
m

)

100 200 300 400 500 600 700 800 900 10000
Loading Repetition (×1000)

GA+HT Pellets+Epoxy Resin

SMA+HT Pellets+Epoxy Resin
SMA+Rubberized Asphalt

SMA+Epoxy Resin

Figure 17: Rutting propagation in accelerated pavement test.

12 Advances in Civil Engineering



ultimate rutting depth after 1 million loading rep-
etition was irrelevant with the bonding materials.
However, the combination of epoxy resin waterproof
and HT pellets could effectively delay rutting
propagation in early stages.

To conclude, the overall performance of the proposed
bonding structure was satisfactory in both strength tests and
pavement performance tests. Its application was believed to
be promising. A major limitation was that its engineering
practice would require a highly skilled construction team,
strict obedience to the technique protocols, and well-or-
ganized supervision. In relevant pilot projects, it was noticed
that poor management could result in a disastrous con-
struction quality. Future study would mainly focus on its
field performance and maintenance issues.
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