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Abstract: The construction controlling elements, including
construction performance at low ambient temperatures, reserved
time ranges, and the strength increasing rule, for locally
developed epoxy asphalt mixture (LDEAM) are studied through
laboratory tests. Air void and Marshall stability are chosen as the
performance measures for evaluating the construction quality.
The wheel rolling test is used to simulate the actual construction
situations, while the Marshall test and the Brookfield viscosity
test are adopted to study the strength increasing rule. The
experimental results reveal that the LDEAM can be constructed
under a low ambient temperature condition of 10 C, and its
longest reserved time is 70 min at a reserved temperature of
120 C. Test also shows that the strength of the LDEAM
increases with time and temperature before cured. Finally, the
theoretical reason for the strength increasing rule is analyzed on
the basis of the organic chemistry theory.
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he epoxy asphalt mixture (EAM) is composed of gra-

ded aggregates, fillers, and an epoxy asphalt binder.
It is a mixture with high strength and rigidity which provides
good corrosion resistance, high temperature stability, mois-
ture susceptibility and anti-fatigue property!™. Due to its
excellent service performance, the EAM has been succes-
sively used in many long-span steel bridge deck pavement in
China, and shows good performance'' .

To date, most of the EAM used in Chinese steel bridge
deck pavement are imported from the USA which imposes
strict requirements on an ambient construction temperature
higher than 20 ‘C during construction. Besides, the impor-
ted epoxy asphalt material has very strict requirements on
the reserved time and other construction controlling ele-
ments'*’ . Moreover, the strength increasing rule of the mate-
rial is not very clear. Consequently, the construction work-
ability becomes an obstacle to the use of the EAM.

Under this situation, local epoxy asphalt has been devel-
oped and used in construction practices in China. Previous
studies” ! proved that some of the pavement performances,
e. g., moisture susceptibility, relative rutting performance,
low-temperature performance, and relative fatigue perform-
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ance, of the locally developed epoxy asphalt mixture
(LDEAM) are up to or better than those of the EAM impor-
ted from the USA. In spite of this, the construction control-
ling elements and the strength increasing rule for the
LDEAM are still unclear.

Focusing on these issues, this paper presents a laboratory
program for experimentally investigating the construction
controlling elements, including construction performance at
low ambient temperatures, reserved time ranges, and the
strength increasing rule of the LDEAM. The key elements
of the construction controlling and influencing factors of the
strength increasing rule for the LDEAM are investigated as
well.

1 Materials
1.1 Raw materials

The locally developed epoxy asphalt binder consists of
two cement components: component A (epoxy resin) and
component B (base asphalt). Component A is used to mod-
ify the base asphalt. Basalt stone chips collected from
Jurong in Jiangsu province in China are used as aggregates.
The properties of the raw materials used in this paper all
meet the required qualifications.

1.2 Aggregate gradation

The aggregate gradation used in the steel bridge pavement
of the Second Nanjing Yangtze River Bridge is adopted for
the research. The maximum aggregate diameter is 13. 2 mm
and the gradation curve is shown in Fig. .
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Fig.1 Adopted and designed aggregate gradation in test

1.3 Optimum binder content

The Marshall mixture design procedure is employed to de-
sign the optimum binder content. The target air void of the
mixture is 3% and the Marshall stability of the cured speci-
men is more than 40 kN. According to the test results, a
binder content of 6.6% is found to be optimum for the
LDEAM.
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2 Controlling Elements
2.1 Allowable working ambient temperature

The air void and the initial strength of the asphalt mixture
are chosen as the controlling indices to study the construc-
tion performance of the LDEAM at low temperatures. By
controlling the ambient temperature, the wheel rolling meth-
od is used to simulate the real rolling effects under roller
compaction construction at low temperatures, and the Mar-
shall test method is used to study the initial strength for the
LDEAM constructed at low temperatures. The ambient tem-
peratures of 20, 10 and 5 C are selected based on the actual
situations of construction at low temperatures. Tabular spec-
imens are shaped at these three ambient temperatures by the
wheel rolling method. The dimensions of the tabular speci-
mens are 300 mm x 300 mm x 50 mm. In order to make the
tabular specimens cure rapidly, they are placed in an oven
with a preserved temperature of 120 C for 5 h. Then, five
cores, four at the coffin corner and one at the center, are
drilled from each tabular specimen. Based on this, the air
voids of the cores are examined. Meanwhile, the Marshall
specimens are shaped at ambient temperatures of 20, 10 and
5 C, and are placed in the corresponding ambient tempera-
tures for 24 h. Finally, the initial Marshall strengths of the
specimens are examined.

The air voids of the cores drilled from the tabular speci-
mens are shaped at different ambient temperatures and the
stabilities of the corresponding Marshall specimens are
shown in Tab. 1.

Tab.1 Construction quality of LDEAM at different ambient

temperatures
Ambient temperature/ C Air void/ % Stability/kN
20 1.7 8.3
10 2.1 6.9
5 3.2 5.3
Technical standard <3.0 =5.0

From Tab. 1, we can find that the air void of the speci-
men that is shaped at 5 C does not meet the requirements of
the technical standards. Comparatively, the air voids shaped
at 10 °C and 20 C can meet the requirements. It is also ob-
served that the stabilities of the specimens shaped at the
three temperatures are all greater than 5.0 kN, indicating
that the stability can meet the requirements of the technical
standards. Therefore, it is proper to choose 10 C as the
lowest construction ambient temperature to obtain a good
rolling effect and high initial strength for guaranteeing the
construction quality.

2.2 Reserved time

The reserved temperature for the EAM is usually con-
trolled at 120 C™"". This reserved temperature is adopted
in this study, and the Marshall test method is used to inves-
tigate the effects of reserved time on the air void and stabili-
ty for the LDEAM with the goal of finding the longest re-
served time to make sure that the air voids of the cured spec-
imens are smaller than 3% and the strengths are greater than
40 kN. According to actual construction requirements, the

range of the reserved time for EAM is set between 30 min
and 110 min'™'. Therefore, the mixtures are placed in an
oven with a reserved temperature of 120 C for different re-
served times between 30 min and 110 min. Then, the mix-
tures are taken out and shaped into Marshall specimens. Be-
fore examining the air voids and the Marshall stability, all
the Marshall specimens are placed in a high temperature ov-
en set for rapid curing.

The experimental results of the effects of the reserved
time on the air void and stability are shown in Fig. 2.
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Fig.2 Performance of LDEAM at different reserved times.
(a) Air void-reserved time curve; (b) Stability-reserved time curve

From Fig. 2, it is observed that the longest reserved time
to meet the requirements of air void( <3% ) is 70 min, and
that the longest reserved time to meet the requirements of
stability ( =40 kN) is 90 min. Therefore, 70 min is select-
ed as the longest reserved time for the LDEAM to meet both
the air void and stability requirements.

From Fig. 2(a), we can also see that the air voids of
specimens increase with the increase in reserved time. The
reason is that the viscosity of the epoxy asphalt binder in-
creases with the increase in reserved time, which makes the
fluidity of the asphalt binder decrease with the decrease in
visual performance, i. e., air void increases with the in-
crease in reserved time. Fig.2(b) shows that the largest sta-
bility of the specimens occurs at the reserved time of about
70 min. The reason is that at the reserved time of 70 min,
the target air void of 3% , as well as the optimal binder con-
tent, is obtained.

3 Strength Increasing Rule

The strength increasing rule of the EAM is different from
that of the common asphalt and general modified asphalt
mixtures. Therefore, it is necessary to study the strength in-
creasing rule to determine the proper preserved time before
the LDEAM is cured”™ . In this study, the viscosity-time
curves at different test temperatures for the LDEAM are con-
structed, in which the viscosity is measured by a Brooke-
field rotational dial viscometer with a rotating speed of 100
r/min. Then, the Marshall specimens of the LDEAM are
shaped and put in different preserved temperatures of 20,
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120, 125, and 130 C. The Marshall stabilities of the speci-
mens are measured every hour till they stop growing. Final-
ly, the strength increasing rule for the LDEAM is investiga-
ted by comparing different preserved times of specimens
when the strengths reach cured stability.

The viscosity-time curves at different test temperatures are
shown in Fig. 3 and the results of the experiments on the
strength increasing rule are shown in Fig. 4.
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Fig.4 Stability growth of LDEAM with the increase in pre-

served time. (a) Stability-time curve at preserved temperature 20 C;
(b) Stability-time curve at different preserved temperatures

From Fig. 3, we can see that no matter which temperature
it is at, the viscosity increases slowly at the beginning stage
of the test, and then increases at a much faster speed. It is
also observed that the higher the test temperature is, the fas-
ter the viscosity grows. This can be explained by the dual-
Arrhenius model™™ as

E
Iny(e, T) = Iny, + ﬁ, + Atexp( - 5}) (1)

where n(t, T) is the viscosity; z, is the Arrhenius pre-fac-
tor; Ev is the flow activation energy; E, is the reaction acti-
vation energy; R is the gas constant; 7T is the absolute tem-
perature; ¢ is the time; and A is the factor. By replacing the
n(t, T) with the strength of the epoxy asphalt mixture P(1,
T), Eq. (1) can be rewritten as

E
IP(1, T) = InP_ + 2 + Atexp( - ]%) (2)

where P is the Arrhenius pre-factor.

From Fig.4(a), we can see that when the preserved tem-
perature is 20 C, it takes about 40 d for the EAM specimen
to achieve the stability of 40 kN as the requirement for open
traffic. Although the preserved temperatures are different,
the largest stabilities are almost the same with a value of
about 73 kN. Therefore, 73 kN can be determined as the
stability of the cured epoxy asphalt mixture specimen. Fig.4
(b) also shows that the time for the specimen to achieve the
largest stability becomes shorter and shorter when the pre-
served temperature increases. Hence, we can conclude that
preserved time and preserved temperature are two significant
factors of the strength increasing rule for the locally devel-
oped epoxy asphalt as shown in Eq. (2).

4 Conclusions

Based on the results of the experimental tests conducted
for the locally developed epoxy asphalt mixture, the follow-
ing conclusions can be drawn:

1) The range of construction ambient temperature for the
locally developed epoxy asphalt mixture is wide, and the
lowest construction ambient temperature for achieving good
rolling effect and high initial strength is 10 C.

2) The longest reserved time for the locally developed ep-
oxy asphalt mixture is 70 min at 120 C, which can provide
more time to construct and solve the unexpected problems
during construction.

3) Preserved temperature and preserved time are the main
influence factors of the strength growth for the locally devel-
oped epoxy asphalt mixture. So it is necessary for close traf-
fic to preserve the epoxy asphalt concrete after the construc-
tion is completed.
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