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Abstract: In order to improve the surface performance of
epoxy asphalt pavement ( EAP) for steel bridge deck, an
epoxy asphalt chip seal ( ECS) covered by a cationic
emulsified asphalt fog seal (i.e., fog-sealed chip seal) is
proposed and a laboratory study is conducted to design and
evaluate the fog-sealed chip seal. First, the evaluation indices
and methods of the chip seal on steel bridge deck pavement
were proposed. Secondly, the worst pavement conditions
during the maintenance time were simulated by the small
traffic load simulation system MMLS3 and the short-term
aging test for minimizing the failure probability of chip seal.
Finally, the design parameters of fog-sealed chip seal were
determined by the experimental analysis and the performance
of the designed fog-sealed chip seal was evaluated in the
laboratory. Results indicate that the proposed simulation
method of pavement conditions is effective and the maximal
load repetitions on the EAP slab specimen are approximately
925 300 times. Moreover, the designed fog-sealed chip seal
can provide a dense surface with sufficient skid resistance,
aggregate-asphalt adhesive performance and interlayer shearing
resistance.
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condition

poxy asphalt pavement ( EAP) has been widely ap-

plied to the steel bridges in China due to its good
physical and mechanical properties'''. However, surface
distresses still occur in the EAP layer of some steel bridg-
es and eventually lead to pavement structure failure if lac-
king effective maintenance”” . Besides, the EAP, gener-
ally composed of suspended-dense structure, tends to
cause insufficient skid resistance on rainy days'*'. There-
fore, a suitable maintenance treatment is necessary for the
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in-service EAP.

In recent years, much research has focused on chip
seals for asphalt pavement maintenance. To eliminate the
major problems appearing in the application of chip seal,
such as loose aggregate and poor interlayer shearing re-
sistance, two primary approaches have been studied, in-
cluding the application of the composite seal and polymer
modified asphalt”” . Im and Kim"' applied the fog seal
onto the chip seal to solve the problem of loose aggre-
gates. Duan'”
chronous chip seal to solve the problem of the sticking
wheel. However, few efforts have been made to combine
the two approaches and simulate the conditions of asphalt

pavement when evaluating the performance of the seal

analyzed the SBS modified bitumen syn-

coat in the laboratory.

Epoxy asphalt is a thermosetting material, composed of
epoxy resin ( component A), curing agent and asphalt
(component B). Mixed with the aggregates, epoxy as-
phalt provides excellent stability and stiffness for the mix-
191 Although the cost of epoxy asphalt is high, if a
10-years or more service life is achieved, the epoxy as-

phalt chip seal (ECS) can provide cost-effective alterna-
[

ture

tives from the aspect of life-cycle cost In addition,
fog seal is superior to the slurry seal due to its low cost
21 If the fog seal is applied in the
composite seal instead of slurry seal, the composite seal
will have better economic effectiveness and workability.
The objective of this study is to design an ECS layer
covered by a cationic emulsified asphalt ( CEA) fog
seal (i. e., fog-sealed chip seal) and to evaluate the
properties of the fog-sealed chip seal in the laboratory,
including the skid resistance, imperviousness, aggre-

and fast construction

gate-asphalt adhesive performance and interlayer shear-
ing resistance.

1 Materials and Design Method
1.1 ECS

In this study, ECS was composed of epoxy asphalt
binder and basalt aggregate. The epoxy asphalt binder
was obtained from a US manufacturer and the basalt ag-
gregate was produced in Jiangsu Province, China. The
technical indices of basalt aggregate and epoxy asphalt
binder are listed in Tab. 1.
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Tab.1 Technique indices of the raw materials

Tab.3 Asphalt application rates of S-ECS and G-ECS

Materials Technical indices Value
Density/(g - cm~3) 2.97
Basalt aggregate Polished stone value 52
Acicular content/ % 1.0

Crushing value/% 8.9

Mass ratio of components A and B 100: 296

Tensile strength/MPa 9.7

Epoxy asphalt binder Fracture elongation/% 190
Viscosity from 0 to 1 Pa - s/min 25

Two gap gradations of ECS are designed in this study,
including the single sized gravel gradation ( S-ECS) and
the graded gravel gradation ( G-ECS). The gradation
curves of different mixtures are shown in Fig. 1.
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Fig.1 Gradation curves of different mixtures

Percentage passing/%

The Mcleod method is adopted in this study to deter-
mine the design parameters of ECS.

C=(1-0.4V) xALDXGXE

v=1-2%
G
” (1)
H:
1.139 285 +0.011 506FI

B=(0.4HTV+S+A)p

where C is the aggregate application rate; B is the asphalt
application rate; W is the accumulated density of the ag-
gregates; G is the density of aggregates; V is the percent
voids in aggregates; M is the median particle size of the
gap-graded aggregates; FI is the acicular content of the
aggregates ; ALD is the average least design dimension of
the aggregates; E is the loss coefficient of the aggregates;
T is the correction factor of the traffic volume; S is the
correction factor of road condition; A is the absorption of
aggregates; p is the density of the asphalt binder.

The design results of S-ECS and G-ECS are listed in
Tab.2 and Tab. 3, respectively.

Tab.2 Aggregate application rates of S-ECS and G-ECS

. G/ w/ V/ M/ FI/ ALD/ c/
Material 3 5 >
(kg-m™>)(kg-m™) % mm % mm (kg -m~™)

S-ECS 2970 1610 45.87.1 1.0 6.2 1.1 16.5

G-ECS 2970 1630 45.15.5 1.0 4.8 1.1 12.9

. p/ B/
Material ALD/mm V/% T S A/% 3 .
(kg -m~")(kg-m~7)

S-ECS 6.2 45.8 0.6 0.14 0.71 1.01 0.84

G-ECS 4.8 45.1 0.6 0.14 0.65 1.01 0.67

1.2 CEA fog seal

In the research, the fog seal is made of CEA mixed by
SK-90 bitumen, Emulsifier 18331 and purified water.
The technical indices of CEA are listed in Tab. 4.

Tab.4 Technique indices of CEA

Technical indices Value Technical requirements
Negra viscosity/MPa 8 1to 10
Storage stability/ % 0.2 <1
Evaporation residue content/ % 51 =50
Evaporation residue ductility/cm 140 =40
Evaporation residue needle/0.1 mm 83.3 40 to 120

Additionally, the CEA fog seal was designed by the
British pendulum number test and wet track abrasion test.
First, the British pendulum number test was used to select
the initial design parameters (i.e. , coating times and as-
phalt application rates). Subsequently, the wet track ab-
rasion test was carried out to determine the ultimate de-
sign parameters of the CEA fog seal, following the proce-
dure in JTG E20—2011""'". Due to the light weight of
the CEA fog seal, the abrasion ratio r, was adopted in-
stead of the wet track abrasion loss and measured by the
plastic plate. The diagrammatic sketch of the plastic plate
is shown in Fig.2 and r, can be calculated as

ro=y (2)

where N, is the number of circular holes where exposed
aggregates can be observed; N is the total number of cir-
cular holes, N =25.
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Fig.2 Plastic plate for the test (unit; mm)

2 Experimental Design

2.1 Preparation of the EAP slab specimens

To evaluate the performance of the fog-seal chip seals
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accurately, the pavement conditions of EAP during the
maintenance time were simulated, including the traffic
loads and asphalt aging.

First, the EAP slab specimen was prepared using the
epoxy asphalt mixture processed by the short-term aging
test in accordance with JTG E20—2011"’. Subsequent-
ly, a third-scale model mobile loading simulator MMLS3
with the contact pressure of 0.7 MPa was used to load on
test specimens (300 mm X 150 mm x50 mm) sawn from
the EAP slab specimen at 35 C. After loading a certain
number of times, the standard British pendulum number
Fy,, was measured using a British Pendulum Tester.
Then, the skid resistance decay curve was fitted by the

Asymptotic model*’, and the minimum acceptable base-
line was determined according to the threshold value of
F,, for the steel bridge deck pavement ( =45). Finally,
the maximal load repetitions was calculated by the bene-
fit-cost ratio method, and the EAP slab specimen can be
prepared for the design of fog-sealed chip seals by simula-
ting the asphalt aging and maximal load repetitions. The

Asymptotic model is
y=Ae™ +C A,C>0;B<0 (3)

and the procedure of the MMLS3 test can be summarized
in Fig.3.

Test apparatus Fixing specimen Simulated test

2.2 Evaluation indices and test method

The fog-sealed chip seal should have sufficient struc-
ture strength, which is affected by the aggregate-asphalt
adhesive performance. In addition, superior impervious-
ness of the fog-sealed chip seal can protect the EAP and
excellent skid resistance is beneficial for ensuring driving
safety. Similarly, the interlayer shearing resistance has a
vital effect on the synergy between the composite seal and
asphalt pavement'"”’. Therefore, the gravel loss rate L,
shear strength S, water permeability coefficient C,, Fy,,
and mean texture depth (MTD) are chosen as evaluation
indices to analyze the aggregate-asphalt adhesive perform-
ance, imperviousness, interlayer shearing resistance and
skid resistance of the fog-sealed chip seal, respectively.

In this study, L, was measured by the low-tempera-
ture adhesion test according to JTG E20—2011'"",
using the fully-cured chip seal sample. L, can be calcu-
lated by

L= (W, - W)/W, x100% (4)

where W, and W, are the sample weight before and after
the test, respectively.

Moreover, S, was measured by the skew shearing test.
The test specimen was manufactured by two cuboid speci-
mens (5 cm x5 cm x2.5 cm) sawn from the EAP slab
specimen, bonded with epoxy asphalt binders. Further-
more, the fully-cured test specimen was put into the ther-
mostatic water tank of 60 ‘C for 30 min, and then the
skew shear test was conducted at 60 C with the loading
rate of 500 mm/min and the shear angle of 45°.

Additionally, C, was measured by the seepage test,
following the procedure in JTG E20—2011"". F,,, was
measured with a British Pendulum Tester, and MTD was

Lifting apparatus
Fig.3 Procedure of the MMLS3 test

Simulation effect Measure Fyp

measured by the sand-patch test, following the procedure
in JTG E20—2011'"".

3 Test Results and Discussion

3.1 Simulation of pavement conditions

The results of F,, measured by the MMLS3 test are

shown in Fig. 4. It can be found that the maximal load
repetitions are approximately 925 300 times.
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Fig.4 Results of Fy,, with load repetitions

To verify the effectiveness of the proposed simulation
method, the skid resistance of the simulated EAP and the
relationship between the theoretical and trial Fy,, values
are illustrated in Fig. 5 and Fig. 6, respectively. It can be
found that the theoretical F,, values are fairly close to the
trial F,,,values and the R* value is greater than 99% . Ad-
ditionally, some polished aggregates and aged asphalt
binders can be observed from the specimen surface after
the test, basically corresponding with the actual surface
status of the in-service EAP. These results indicate that
the proposed method is capable of simulating the pave-
ment conditions.
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Fig.6  Relationship between of the theoretical and trial Fry,  fiped as the change ratio to analyze the discrepancies of
values each evaluation index. r, can be calculated by

3.2 Analysis of design parameters

3.2.1 ECS

The properties of S-ECS and G-ECS measured in the
laboratory are listed in Tab. 5. The skid resistance (both
MTD and F,,,) is improved significantly after ECS con-
struction. In addition, the L, value of each ECS is less
than 20% and the shear strength of each ECS is greater
than 0. 7 MPa ( threshold value in the steel bridge deck
pavement) , indicating sufficient aggregate-asphalt adhe-
sive performance and shear strength of ECS. On the con-
trary, the C, value of each ECS is about 2 to 6 times that
of EAP, revealing the poor imperviousness of ECS, par-
ticularly S-ECS. Based on the above analysis, G-ECS is
chosen as the structure of the chip seal in this study.

Tab.5 Properties of S-ECS and G-ECS

Evaluation indices EAP S-ECS G-ECS
MTD/mm 0.31 0.93 0.80
Fyy 47 85 81
C,/(mL - min~") 5.0 33.9 13.3
Ly/% 13.6 15.3
S./MPa 0.87 0.83

3.2.2 CEA fog seal

The skid resistance of the CEA fog seal with various
application rates and coating times is shown in Fig. 7. It
can be observed that the CEA application rates of 0. 35
and 0.4 L/m’ and the coating times of one and two can
provide better skid resistance for the CEA fog seal com-
pared with other design parameters. Subsequently, the
CEA fog seal ( CEA application rate is 0. 4 L/m’; two
coating times) is chosen using the wet track abrasion test

Al

r, =25 x100% (5)
10

where I is the variation of the evaluation index; I, is the
initial value of the evaluation index. The results of five e-
valuation tests are shown in Tab. 6.

Tab.6 Properties of the designed fog-sealed chip seal

Evaluation indices Initial value Fog-sealed chip seal
of G-ECS Value r./ %

MTD/mm 0.80 0.76 -5.0
Fpy 81 78 -3.7
C,/(mL - min~") 13.3 3.3 75.2
L,/% 15.3 0.7 95.4
S,/MPa 0.83 0.84 1.2

From Tab. 8, the C_ value of the designed fog-sealed
chip seal is less than that of G-ECS and the r, value is
75.2% , suggesting that the imperviousness of the fog-
sealed chip seal is excellent compared with G-ECS. The
reason is that asphalt binders of the CEA fog seal fill in
the voids between the aggregates and form a closed layer
on G-ECS to prevent water from entering the underlying
layer. In addition, the gravel loss rate is close to 0 and
the r, value is 95. 4% after CEA fog seal construction,
which indicates that the fog-sealed chip seal can eliminate
the problem of loose aggregates effectively. In contrast,
after coating the CEA fog seal on G-ECS, the skid resist-
ance declines slightly and the interlayer shearing resist-
ance remains almost unchanged. Therefore, the designed
fog-sealed chip seal has sufficient skid resistance, imper-
viousness and a relatively long service life provided by an
excellent aggregate-asphalt adhesive performance and in-
terlayer shearing resistance.
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4 Conclusion

The proposed simulation method of in-service EAP is
effective and the maximal load repetitions on the EAP slab
specimen are approximately 925 300 times. The designed
fog-sealed chip seal consists of the G-ECS (C =12.9
kg/m’; B=0.67 kg/m’) and the CEA fog seal (asphalt
application rate is 0.4 L/m’; two coating times). Accord-
ing to the performance evaluation results, the designed
fog-sealed chip seal can provide a dense surface with suffi-

cient skid resistance and a relatively long service life.
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