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Abstract: Based on the analysis of the main failures discovered in pavement on steel deck plate and the
demanding service condition of the pavement on steel deck, high-temperature rutting test, low-temperature
bending test and controlled stress flexural fatigue test are used to study the performance of asphalt mixtures
modified by epoxy resin including high-temperature stability, low-temperature cracking-resistance, and fatigue
cracking-resistance, which are served to evaluate the modification effect of epoxy resin of different contents.
With the addition of epoxy resin, all the three performances are improved greatly. However, when the amount of
epoxy resin added is over a certain value, the modification effect will be stable with no extra benefit detected.
Finally, in terms of the properties of the three respects, 20% , 30%, 30% are given separately as the proposal

adding contents.
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In China, epoxy resin modified asphalt mixture
has already been used on several long-span bridges as
the deck pavement since its debut in the Second Nan-
jing Yangtze River Bridge in 2000, the pavement ma-
terial of which was then imported from the USA. Till
now, almost all these bridges have provided satisfactory
performance[H]; therefore, it can be concluded that
the epoxy resin modified asphalt mixture may be a
good option as deck pavement material due to its high
strength and long durability, especially realizing the
fact of large traffic volume and heavy-load vehicles in
China. However, some important information is still
kept confidential by the USA, such as the ingredients
or the components of the epoxy asphalt. In this paper,
research will be conducted to investigate the properties
of the epoxy resin modified asphalt mixture and come
up with suggestions for the ingredients in both econom-
ical and technical perspectives.

The available literature has demonstrated that the
premature failure in bridge pavement always happened
in the forms of high temperature rutting, low tempera-
ture cracking, fatigue cracking and some other distres-
ses induced by them. The service environment was cer-
tainly an important factor leading to these failures, but
what should be blamed more is the pavement itself'*' .
As a result this research put more emphasis on the
study of the modification effect of epoxy resin with
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different contents, all of which were realized through
laboratory tests. During all these tests, the ratio of ep-
oxy resin and hardening agent is kept constant at 100/
80, while the portions their mixes take in the asphalt
mixtures as variables.

1 Materials

1.1 Bitumen and additive ( epoxy resin and hard-
ening agent)
The asphalt used in the research is Shell 60/80.
The detailed information is shown in Tab. 1.
Tab.1 Properties of bitumen

Items Test result Test procedure

Penetration (25 C, 100 g, 70 JTJ 052—2000

5)/(0. 1 mm) (T0604—2000)
Ductilit TJ 052—2

uctility (5 C, 14.1, >100 JTJ 052—2000

15 C)/cm (' T0605—2000)

JTJ 052—2000

Softening point(R&B)/C 47.5
(T0606—2000)

The properties of epoxy resin, hardening agent and
their mixes are shown in Tab. 2.

In the following part of this paper, the mixes of
epoxy resin and hardening agent will be referred to as
EP.

1.2 Aggregate and mineral filler

Basalt introduced as both

the coarse and fine aggregates in this study, the same

aggregates were

aggregates used in the pavement of the Third Nanjing
Yangtze River Bridge in 2005. They have been
regarded as of high quality and grade and nearly



Evaluation of modification effect of epoxy resin based on performance of asphalt mixtures 123

Tab.2 Properties of the epoxy resin, hardening agent and their mixes

Items Material Specification Test result Test procedure
) 5 Epoxy resin 1.00 to 1.25 1. 159
Density (25 C)/(g - cm~?) . JTJ T0603—1993
Hardening agent 0.75 to 1. 00 0. 831
. . Epoxy resin 2to 15 12.5
Viscosity(25 C)/(Pa - s) ; JTJ T0625—2000
Hardening agent 30 to 80 43
Tensile strength/MPa Mix(EP) =4.9 5.8
— - JISK 711319
Ductility/ % Mix(EP) =100 227

Note: Epoxy resin : hardening agent = 100/80( by weight).

all the properties can meet the associated requirements
well. In order to achieve a desirable bonding between
the binder and the aggregates, a limestone filler is
used, which can make up for the disadvantages of the
Basalt aggregates.
1.3 Aggregate gradation and asphalt content

Ref. [3] pointed out that it was reasonable to
adopt fine-graded dense gradation during the design of
the epoxy asphalt mixture. In terms of gradation in this
study, the gradation used in the Second Nanjing Yan-
gtze River Bridge was referred to and the information
is listed in Tab. 3.

Tab.3 Gradation adopted in this study

Sieve size/mm 13.2 9.5 475 236 0.6 0.075
Percent passing/% 100 97.6 742 58.6 34.4 10.5

Based on the gradation listed above, 25 Marshall
specimens have been prepared while the content of ep-
oxy resin varied from 0% to 40% and the asphalt-
aggregate ratio varied from 5.5% to 7.5% . Because
the main purpose of the study is to determine the influ-
ence of the content of EP on the performance of as-
phalt mixtures, it is necessary to undertake further tests
and investigations on the specimens of one specific as-
phalt-aggregate ratio. According to Ref. [1],6.5% was
selected as the asphalt-aggregate ratio, which was sug-
gested based on the air voids to be achieved. The air
voids of the Marshall specimen using different EP con-
tents excepting all with 6. 5% as the asphalt-aggregate
ratio is shown in Tab. 4.

Tab.4 Air voids of the Marshall specimen
using different EP contents

EP content/ % 0 10 20 30 40
Air voids/ % 2.4 1.7 1.5 2.1 1.9

2 High Temperature Performance

The dynamic stability (DS) and rutting depth
(RD) under 2 x 10* passes were selected to evaluate
the high temperature performance and they were
achieved from the tests conducted with the convention-
al wheel tracking test machine and the Hamburg wheel
tracking test machine separately'”’. Meanwhile, the si-

zes of the specimens were both 30 cm x30 cm x5 cm.
The corresponding test results are shown in Fig. 1 and
Fig. 2.
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Fig.2 Hamburg wheel tracking test result

From Fig. 1 and Fig. 2, it is concluded that, with
the increase of the EP content, the capability of rutting
resistance of the mixtures increases significantly. Mean-
while, the two indices, both DS and rutting depth un-
der 2 x 10* passes of the mixtures, have a similar chan-
ging tendency with the variation of the EP content.
However, the appropriate content of EP is not exactly
the same concerning the two indices separately. Note
that the item of the appropriate content of EP is put
forward from both the economic and technical prospec-
tive, that is a higher content than the appropriate one
which may do little to increase the performance of the
mixture, whereas the cost may be much higher. The au-
thor thinks the appropriate content of EP based on the
index of rutting depth under 2 x 10* passes is more con-
vincing than that based on DS. That is because when
the content of EP is high enough to a certain degree,
the rutting depth will experience only a tiny change,
which means the DS calculated by the test data will be
probably influenced by the test error.

In general, it is stated that the EP has a remarka-
ble influence on the performance of asphalt mixtures.
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When the EP content amounts to 10%, the capability
of rutting resistance of the mixtures will well meet the
related specifications and standards; furthermore, if the
content rises to 20% , more excellent performance will
be achieved and nearly no rutting will be detected dur-
ing the indoor test. However, if the EP content is high-
er than 20% , no further improvement of rutting resist-
ance capability is clearly found.

3 Low Temperature Performance

As for the pattern of stress response, the beam
specimen resembles much the pavement on the ortho-
tropic deck plate of the steel bridge. Also for the ease
of fabrication, a beam specimen (200 mm x 30 mm X
35 mm) was adopted as the test subject to study the in-
fluence of EP of different amounts on low-temperature
performance'®™ . In order to make a better comparison,
the test results under room temperature are also listed
in Fig.3 and Fig. 4.

20

—_
W
T

Flexural strength/MPa

10 Temperature/ C :
—— -10
5 -0
—— 15
0 1 L 1 1
0 10 20 30 40

EP content/ %
Fig.3 Relationship between flexural strength and EP content

20_

5
W
LS

Flexural strength/MPa
o W S
3*\
88\ 8

Temperature/ °C
Fig.4 Relationship between flexural strength and temperature

From Fig. 3, it is concluded that, the flexural
strength of the mixtures under different temperatures
increases with more EP added. Meanwhile, it is found
in Fig. 4 that, the flexural strength of the mixtures
with different EP contents increases when the temper-
ature drops. In general, the flexural strength of the
mixture with a higher EP content has a smaller chan-
ging rate when the temperature changes, which means
the larger the EP content, the smaller the sensitivity of
the flexural strength to the temperature. It can also be
regarded that EP plays a dominant role in strength

generating than the base asphalt.

Fig. 5 shows the influence of the EP content on
the maximum flexural strain, from which it is found
that under the temperature of 15 C, the maximum
flexural strain decreases gradually with the increase of
the EP content. However, when the temperature drops
to 0 C or even lower, the changing tendency may be
nearly the opposite to that of 15 C. In addition, it can
also be found that with the increase of the EP content,
the maximum flexural strain under different tempera-
tures has a tendency to be the same, that means the
properties of base asphalt are much more likely to be
influenced by the temperature than the EP. Fig. 6
shows how the maximum flexural strain changes with
the temperature. It is found that with more EP added,
the changing rate of the maximum flexural strain with
the decrease of temperature will be smaller. That
means EP plays a very important role in the flexibility
of the mixture and with EP added the flexibility will
be less likely influenced by the temperature, which is
quite desirable in the pavement on the bridge.
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With a comprehensive study for test results and

the field requirement of the flexural strength and the
maximum flexural strain, it can be considered reasona-
ble to recommend approximately 30% as the EP con-
tent to achieve a satisfactory low temperature perform-
ance of the asphalt mixture.
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4 Fatigue Performance

Nowadays the traffic volume of the bridge is be-
coming increasingly greater; that can cause the prema-
ture failure of the pavement due to its poor fatigue re-
sistance and this performance is also predictable

0T As a result, it is

through some controlled tests
quite necessary to study the performance of fatigue re-
sistance and investigate the effect of different EP con-
tents in this respect. In this study, the beam specimens
(200 mm x 30 mm x 35 mm) were subjected to the
flexural fatigue test under the stress-controlled mode
and the test temperature was set at 15 C. The fatigue
properties of asphalt mixtures are usually analyzed
based on Eq. (1).
N, = k( L) (1)
O

where N, is the fatigue life, and o, is the stress in the
mixture (MPa).

Through the tests on the specimens of different
EP contents and the fitting curve of the test results un-
der the coordinates on lg-lg scale, the parameters of k
and n were obtained. The parameters of the fatigue
formula with different EP contents are listed in Tab.
5. Fig. 7 shows the fatigue life of the specimens of dif-
ferent EP contents under different stresses.

Tab.5 Parameters of the fatigue formula
with different EP contents
EP content/ %

Parameters

10 20 30 40
k 2.86x107 1.18 x10* 2.78 x10° 5.71 x10" 8.08 x 10"
n 1.3882  2.0490 3.0681 5.0584 5.1793
20 -
1L EP content/ % :
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Fig.7 Fatigue life of the specimens of different EP contents

Also, this paper predicts the fatigue life of the
Second Nanjing Yangtze River Bridge with the formu-
la achieved by the flexural fatigue test. How the mix-
tures with different EP contents may perform is listed
in Tab. 6. N;, /N, _,, in Tab. 6 means how the fa-
tigue life changes with the increase of the EP content,
through which the difference of modification effects

can be found out readily. It is concluded that EP
greatly helps to improve the fatigue life, which will
well overcome the tough conditions on deck pavement
and reduce the possibility of premature cracking oc-
currences effectively. Meanwhile, it is also found that
when the EP content is 30% , the fatigue life is 304. 5
times that of adding 20% EP. However, if the EP
content is 40% , there is no significant improvement in
the fatigue life.

Tab.6 Fatigue life of the Second Nanjing

Yangtze River Bridge

EP Maximum stress Predicted fatigue Niw/
content/ % o/MPal!l life Ny/pass Niw-y

0 3.76 x 107

10 1.77 x 108 4.7

20 0. 821 5.09 x 10° 28.8

30 1.55 x 10" 304. 5

40 2.25 x10" 1.4

Similar to the low and high temperature perform-
ance, there is also an appropriate content of EP in
terms of performance of fatigue resistance. It is found
that with the increase of the EP content, the fatigue re-
sistance performance of the mixture experiences a sig-
nificant improvement. However, when the content ri-
ses over 30% , the improvement becomes quite small.

5 Conclusions

1) The indices of dynamic stability and rutting
depth under 2 x 10" passes are used to quantitatively
evaluate the influence of the EP of different content
on the high temperature performance of mixtures. The
results show that EP can improve the high temperature
performance of mixtures significantly.

2) EP can improve the flexural strength and flex-
ibility of the mixtures under low temperature to a
great degree and the more EP added, the better per-
formance achieved. Meanwhile, it is also found that
the more EP is added, the less the flexural strength
and flexibility are influenced by the variations in tem-
perature.

3) The results of the fatigue test show that the
addition of EP is an effective solution to improve the
performance of fatigue resistance of the mixtures.
Thus, the pavement on the deck plate is more likely
to overcome the demanding situation of great traffic
volume and over-loaded trucks.

4) With the addition of EP, all the three perform-
ances are improved. However, if the amount of EP
added is over a certain amount, there is no further im-
provement detected. Tab. 7 lists the proposed appro-
priate contents of EP that should be added to improve
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the three kinds of performance separately.

Finally, it should be stressed that all the study

above is based on the laboratory tests and if any trial
pavement is operated in the field, the conclusion will

be more convincing and valid.

Tab.7 Proposed appropriate contents of EP

Performance

High temperature Low temperature  Fatigue

EP content/ % 20 30 30
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