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Abstract. After cracks appear on steel bridge deck epoxy asphalt concrete pavement, cracks
propagate fast under vehicle load. This paper studied the fracture performance of epoxy asphalt
concrete, utilized single edge notched beam (SEB) three-point bending test, measured the load
(P) exerted on epoxy asphalt SEB; utilized digital camera to record the fracture process of
epoxy asphalt SEB, extracted the images according to the required sampling frequency and
utilized Image-Pro Plus to measure the crack mouth opening displacement (CMOD) of epoxy
asphalt SEB on the extracted images; calculated the double-K fracture parameters according to
the P-CMOD curve. Results indicate that K/* of epoxy asphalt concrete is 1.11 MPa/m and
K of epoxy asphalt concrete is 2.31 MPam at -15°C; K/ of epoxy asphalt concrete is
1.02 MPa/m and K} of epoxy asphalt concrete is 1.83 MPa/m at -5°C; K/ of epoxy
asphalt concrete is 0.77 MPa/m and K" of epoxy asphalt concrete is 1.82 MPa/m at 5C.
The double-K fracture parameters of epoxy asphalt concrete increase slightly when the
temperature decreases at the scope of -15°C to 5°C. The relation of K%, Kic and K} is

ini un
Ki¢'<Kic <Kj¢".

1. Introduction
Epoxy asphalt concrete is a kind of steel bridge deck pavement materials in China. Fatigue crack is the
typical damage of steel bridge deck epoxy asphalt pavement. When steel bridge deck epoxy asphalt
pavement have cracks, there is stress concentration at each crack tip of epoxy asphalt pavement under
repeated load. It will lead to a rapid crack propagation until steel bridge deck pavement system
damages.

Previous studies on fracture behavior of epoxy asphalt concrete were mainly about the usual
fracture criterion, such as stress intensity factor criterion, CTOD criterion and J-integral criterion by
laboratory test and numerical simulation [1-5]. In recent years, researchers began to focus on the
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double-K fracture criterion. And the double-K fracture criterion had been successfully used to estimate
the fracture behavior of cement concrete [6, 7].

Epoxy asphalt concrete belongs to thermosetting asphalt concrete. The fracture of epoxy asphalt
concrete belongs to brittle fracture below 5°C. The fracture of epoxy asphalt concrete belongs to
elastoplastic fracture above 5°C [8]. In this paper, double-K fracture parameters of epoxy asphalt
concrete has been tested by laboratory experiment and double-K fracture criterion of epoxy asphalt
concrete has been put forward.

2. The double-K fracture criterion of concrete and test method
The crack propagation process of concrete can be divided into 3 stages: initial fracture, stable
propagation and unstable propagation [9]. According to double-K fracture criterion, when stress
intensity factor (K;) is smaller than initial critical stress intensity factor (K/&), crack cannot propagate;
when stress intensity factor (K;) equals initial critical stress intensity factor (K/&), crack begins to
propagate; when stress intensity factor (K;) is bigger than initial fracture critical stress intensity factor
(K/?*) and smaller than unstable fracture critical stress intensity factor (K/&%), crack propagation is
stable; when stress intensity factor (K;) equals unstable fracture critical stress intensity factor (K/¢*),
unstable propagation of crack begins; when stress intensity factor (K;) is bigger than unstable fracture
critical stress intensity factor (K;¢*), the crack is at unstable propagation stage.

Traditional double-K fracture parameters test method of single edge notched beam [10] is adopted
in this paper and the detail steps is shown as below.

(1) Plot the force-crack mouth opening displacement curve (P-CMOD curve). Choose a P; and the
corresponding CMOD; of the linear growth stage of P-CMOD curve. Measure the crack depth (ay).

“ 2

Calculate the elastic modulus (E) by equation (1) [11]. The parameter “a” represents the crack depth,
“S” represents the span of 3-point bending test, “B” represents the width of beam and “W” represents

the height of beam.

_6asVj(a) _ 24a (1a)
CBW? CBW Vi)
C;=CMOD//P, (1b)
o=a/W (1c)
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(2) Put the force value of the initial fracture moment (Pi,) and initial crack-depth ratio (ag) into
equation (2) and calculate K7,
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2d
P, (@) =1.99+0.83¢ —0.310” +0.14c° (2d)
a=a/W (2e)
p=S/W (2f)

(3) Put the maximum force value (P..x), corresponding crack mouth opening displacement
(CMOD,) and the calculated modulus (E) into equation (1). Then calculate the critical effective crack
depth (a.).

(4) Put the maximum force value (P.x) and critical effective crack depth (a.) into equation (2) and
calculate K"

3. Laboratory test

The mechanical characteristics of 3-point bending test is similar to the mechanical characteristics of
steel bridge deck pavement cracks [12]. The 3-point bending test of single edge notched beam is used
in this paper so that to test the double-K fracture parameters of epoxy asphalt concrete. The schematic
of 3-point bending test device and the specimen size is shown in Figure 1.
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Figure 1. Schematic of 3-point bending test device.

Servo-hydraulic testing machine is used in this paper to load on single edge notched beam. The rate
of deflection is Imm/min. The test device will record the force (P) and the displacement of load
location (8). Clip gauge was usually used to measure the crack mouth opening displacement (CMOD)
of single edge notched beam [13]. However, this method to measure the crack mouth opening
displacement (CMOD) of single edge notched beam cannot obtain the crack mouth opening
displacement (CMOD) at initial fracture moment. Digital camera is used to record the fracture process
of single edge notched beam in this paper so that to obtain the crack mouth opening displacement
(CMOD) at initial fracture moment and unstable propagation moment. The extracted pictures from
video is shown in Figure 2. Image-Pro Plus is used to measure the crack mouth opening displacement
(CMOD). Moreover, according to the recorded P and CMOD, the P-CMOD curve can be plotted.
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Figure 2. Crack propagation process.

The gradation scope and synthetic gradation curve of epoxy asphalt mixture is shown in Figure 3.
Asphalt-aggregate ratio is 6.5%. Single edge notched beams are fabricated according the specimen
size which is shown in Figure 1. In order to reinforce the contrast between crack and specimen, white
paint was painted on crack edges, as is shown in Figure 4.
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Figure 3. Gradation scope and synthetic gradation curve of epoxy asphalt mixture.

Figure 4. 3-point bending specimen.

Double-K fracture criterion is used to describe the fracture behavior of brittle cement concrete.
Epoxy asphalt concrete fracture is brittle fracture below 5°C while epoxy asphalt concrete fracture is
elastoplastic fracture above 5°C [8]. Double-K fracture parameters of epoxy asphalt concrete is tested
at 5°C, -5°C and -15C, respectively.
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4. Results and discussion
The P-CMOD curves of epoxy asphalt concrete single edge notched beams under the 3 specified
temperatures are shown in Figure 5.
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Figure 5. P—CMOD curves under different temperatures.

According to Figure 5, epoxy asphalt concrete fracture is brittle fracture at the temperature of 5°C,
-5°C and -15°C.

According to the recorded video of fracture process, the initial fracture moment is found out and
then the load value at initial fracture moment is extracted. The parameters of equation (1) and equation
(2) to calculate double-K fracture parameters is shown in Table 1. The span length of 3-point bend test
is 20cm and the width of the single edge notched beam is about Scm. The modulus of epoxy asphalt
concrete single edge notched beam are calculated by equation (1).

Double-K fracture parameters of epoxy asphalt concrete at the temperature of 5°C, -5°C and -15°C
are calculated by equation (2). Then the critical stress intensity factor of epoxy asphalt concrete at the
temperature of 5°C, -5°C and -15°C are calculated according to ASTM-E399 [14].

Table 1. Calculating parameters.

T(C) No. ap(cm) W(em) oo Pii(N) E(MPa) Ppa(N) CMOD(mm)
-15-1 2.6 513 0507 2151.2 3057.6 2392.1 0.215
-15 -15-2 2.72 538 0506 23484 3225.8 2508.6 0.256
-15-3 2.63 498 0528 2054.6 3211.0 2151.7 0.213

-5-1 2.22 498 0446 26918 1893.1 27827 0.365
-5 -5-2 2.37 535 0443 2578.1 17429 2687.0 0.389
-5-3 244 493 0495 1828.6 2308.7 1908.5 0.223
5-1 2.70 531 0508 1607.1 869.8 1670.2 0.568
5 5-2 2.50 528 0473 13981 9436 1456.6 0.532
5-3 2.58 535 0482 1969.8 1153.5 2040.8 0.583

According to Table 2, the double-k fracture parameters and critical stress intensity factor of epoxy
asphalt concrete increase slightly when the temperature decreases at the scope of -15°C to 5C.
However, the modulus of epoxy asphalt concrete increase much faster than double-k fracture
parameters and critical stress intensity factor of epoxy asphalt concrete when the temperature
decreases at the scope of -15C to 5°C, so the lower the temperature is, the more easily the epoxy
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asphalt concrete crack will propagate.

Table 2. Double-K fracture parameters of epoxy asphalt concrete.

T(C) No. o(cm) o KM KX K K Kic Kic
-15-1 0507 0. 107 1.91 2.04

-15  -15-2 0506 5 @ 1.14 1.11 2.72 2.31 1.96 2.02
-15-3 0528 1 111 2.30 2.05
-5-1 0446 0. 113 1.93 2.05

5 52 0443 4 104 1.02 1.84 1.83 1.76 1.82
5-3 0495 6  0.89 1.73 1.65
51 0508 0. 0.79 1.49 1.35

5 52 0473 4 062 0.77 1.75 1.82 1.07 1.31
5-3 0482 9  0.89 2.22 1.50

®T: Temperature.
® No.: Specimen number.
® The units of K& K, KX KX Kic and K\ are MPam .

Comparing the double-k fracture parameters and critical stress intensity factor of epoxy asphalt
concrete at the same temperature, the relation of K/, Kic and K is K< Kic <K& And K} is
similar to K¢, so double-K fracture parameters can reflect the fracture behavior of epoxy asphalt
concrete more accurately than critical stress intensity factor.

5. Conclusions

The results of this paper indicate that K/* of epoxy asphalt concrete is 1.11 MPam and K of
epoxy asphalt concrete is 2.31 MPaJm at-15C; K& of epoxy asphalt concrete is 1.02 MPa/m and
KX of epoxy asphalt concrete is 1.83 MPam at -5°C; K/# of epoxy asphalt concrete is 0.77 MPa
Jm and K}{' of epoxy asphalt concrete is 1.82 MPa/m at 5°C. The double-K fracture parameters of
epoxy asphalt concrete increase slightly when the temperature decreases at the scope of -15°C to 5C.
The relation of K/, Kjcand K} is K< Ko <K/
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