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Asphal carbon emission

propertic. The cross

content. increased. Th pau

ransiion occurred within the LTEAS binder, which formed a crosinked

network with EP as the continuous phase. The curing degree of the LTEA binder for 24 h was higher than

75%, which corresponded favorably 10 the curing degree of the.

re. In general, the curing degree of the

binder can be used to identify whether the strength of the pavement mixture has reached the specification and
dditionall

pavement performance and dynamic properties of SMAMs

and EAMs prepared with different binders were
of

compared.

material. Secondly,

top
the mixtures were established to provide material parameters for pavement structure design. Finally, the FEA
method was applied to comparatively analyze the dynamic mechanical response of the pavement strcture for

i i d i The

results demonstrated that EAM had better high-temperature rutting resistance than SMAM, while SMAM had

superior mosture damage and skid resistance. The
were recommended to be
structure met the performance requirements of SEDP.

difer contents in the asphalt binder used for SMAM and
12 with and 40 wit, respectively. From the FEA results, the SMAM + EAM
Compared with double-layered EAM, the deformation

resisance of the SMAM + EAM structure was reduced, but it was beneficial to avoid the ocenrrence of crack
defects and interlayer shear damage. Furthermore,the recommended pavement thickness combination was 4.5

+35em

EP content,

The LTEAS6
nd conerete bridge decks

1. Introduction

‘The most commonly used thermoplastic asphalt modifiers in pave
ment construction are mainly classified as thermoplastic elastomers,
thermoplastic resins, and rubbers, such as styrene-butadiene styrene
(585), polyeylne (PE), and tyrene-butadiene rubber (SBR) (Do
ngos nd Faxing, 2016; Du e al 2020; Karger-Kocsi etal 2013). These
modified asphalt binders are widely used in conventional pavement
rmserne bocuae of et Jow price e acelet sogloeeag peces
mance (Hong et al, 2022). Nevertheless, pavements under high traffic
volumes and heavy loads are highly susceptible to rutting, cracking,
potholes, and other defects, resulting in frequent repairs and
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E mail addresses: i
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‘maintenance, which negatively impact the service life and the service
level (khan et al, 2016). As a result, for some

cation requirements. In recent years, epoxy asphalt (EA) binder is
gradually being emphasized as o representative of the
thermoset-modified asphalt binder (Lu and Bors, 2015; Xiang and Xiao,
2020)

EA binder is an insoluble and non-melting thermosetting material
obtained by adding epoxy resin (EP) and curing agent to asphalt and
forming a cross-linked network structure by curing reaction (Lo et al.

2022; Sun etal., 202

1. Introduction

s an integral part of highways, bridges play an essential role in
ensuring smooth traffic flow. With the rapid development of the econ-
omy in Ghina, many large:span steel bridges along the rivers and coastal
areas are actively constructed, which significantly promotes economic
and social development. However, the design life of large.span steel
bridges is often over one hundred years, and the pavement is more
significantly affected by vehicle loads and environmental factors,
ieling i 0 mch over sexvic L thathe sl bide deck (1)
t,the

Hence
steel bndge deck pavement (SBDP) material should also have technical

performance pavement materials play a positive role in extending the

i is case,
after exploration and engineering practice, modified stone mastic
asphalt. mixture (SMAM), Guss asphalt mixture (GAM), and epoxy
asphalt mixture (EAM) have become common pavement materials on
steel bridge decks [6-5].

To fully utilize the material potential and to better meet the perfor-
‘mance requirements, the double-layered pavement system is usually
adopted on steel bridge decks [9,10]. In previous applications, steel
bridge deck asphalt pavement structures typically included SMAM +
SMAM, SMAM + GAM, and EAM + EAM. The researchers conducted an
experimental study on the pavement performance of the above three

structures

binder had high strength, excellent high-temperature stability, fatigue

iversity, Nanjing, Jiangsu, 211189, PR China.

ASCE

f the steel bridge de
strength, deformation coordination, and durability [45]. High
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" defects, had excellent
resistance o permanent  deterioration. Moreover, the rutting
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" 9 =pOXYy . p 9 Reducing epoxy resin content in the thermosetting epoxy
3 Epoxy Asphalt Mixture: A Feasible Method
an to Facilitate Application halt mi: : a feasibl hod to facilitate its application
. ', 2 Wei s ‘
acBun;Seg Luc; el Humng:; e Youbeng LY Jia Sun 1, Sang Luo 2", Wei Huang 3, Youheng Li ¢
6 Abstract: Epoxy asphalt (EA) with an epoxy resin (EP) canters of SO wi%h hus been widely used i el bridge decks and srpart pavements 1 Jia Sun, Ph.D. candidate, School of Transportation, Southeast University, Nanjing, Jiangsu,

7 However, the high cost of EP and the high EP content in EA limit the application of this material in pavement engincering. Hence, it is
8 meaningful 1o explore the possibilty of reducing the EP content in EA o minimize the consiruction cost and diversify the application

9 scenarion. In this sudy, low-content thermosetting epoxy asphalt mixtures (LTEAM) were prepurd using binders with EP contents of 210096, P. R. China, sunjia_0223@163.com.

10 32,3436 38 and 40 wi% 1 investigate the laboratory

performance of LTEAM while evaluating its technical applicability. The basic

11 properties and dynamic characteristics of the LTEAM were analyzed through a series of indoor tests. The dynamic modulus master curve

12 was established. and atomi force microscopy was utilized 1o explore the improvement

mechanism of the moisture dsmage resistance. Fur

13 thermore, the LTEAM with
14 the epoxy asphalt mixture
15 promated the
16 resisince of the LTEAM. The
17 resistance enhanced with the increase of EP content, but the lo
18 LTEAM was not significantly affected by

36 widh (LTEAMB36) was pr
a binder of 50 wi% EP conent (EAMS0). The resuls demonstrated that the rise in EP content
formaion o e aked saciures el the focease fn biodee oughllas, whidonkively improvad o mclsee damage
‘addiion of EP improved the elastic propeties and malulus of the LTEAN
wtemperature crack
the variation of EP content. Additionally, LTEAM36 m.:  gemioen 3o and low-temperature

cout

M, and its high-temperature rutting
resistance continued (o decline. Skid resistance of the

» EAMSO. In general, the excellent

D tha s feasible 1o reduce the EP camient in
2 IMC

the L1
. which can help its promotion and ‘"vh.dum in p‘xm( engineering. DOI: 101061/
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(Liu and Cao 2009; Hirato et al. 20i4). However, rpid economic
growth has led 10 dramatic growth in traffc volume. ¢ specially an
increase in heavy duty vehicles, rewling in higher pedormance
%0 requirements for asphal pavements. To ensurebongevity and taffc
N sak

32 in pavement consinction. Acconing 0 th diffrent material char
B acterisics, the cument ly used modified asphalt binden
4 can mainly divide into themoplastic and thamaosetting materiahs
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yrene, styrene-butadiene mbber, and polyethylene- 36
it asphalt binders (Chen et al. 2021; Du et al 220; Liu 37
et al. 2021). Studies and practices have shown that asphalt pave- 3
ments paved with these binders end 1 result in defects such as 39
rutting, cracking, and potholes in & short period under the influ- 40
ence of high traffic volumes and heavy vehicles (Wang et al 41
2021} Asa result, the thermosetting-modified asphalt binderhas 42
received atention from scholars, and the most representative one 43

is the epoxy asphalt binder (EAB) (Xu et al. 2022). “
Thermonctting EAB refers to e addition of high-contentepory 45
resin (EP) and  curing agent i the base binder (Lw etal. 2022), 46

‘The modifier then undergoes acuring reaction in the asphall matrix 47
10 form a cross-linked structure, resulting in the binder having 48
excellent mechanical propertes and low-temperature sensitivity. 49
Accontingly, the epoxy asphall mixture (EAM) prepared using 50
EAB has significantly enhanced msistance 1o defommation, mois- 51
ture dumage, and fatigue (Xie et al. 022; Xiang and Xiso 2020). 52
The first application of EAM was on the San Mateo-Hayward 53
Bridge. Since then, it has been put inlo practice in the United Staes, 54

Canada. and Austraia due 10 its excellent peformance (Lu and 55
Bors 2015). In China, the first implementation of EAM dates back 56
10 the Nanjing Yangtze River Second Brdge, which was bultin 57
2001 This bridge has been in service for 21 years and has not 5§
undergone major repairs due o severe dumage (Zhang etal. 2021; 59
Sun et al. 20224). Meamwhile, the same is tue for the Zhoushan 60
Taoyaomen Bridge, the Runyang Yangize River Bridge, and 61
the Nanjing Yangze River Third Bridge (Huang et al. 2020). 62
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