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Multi-scale Fatigue Cracking Characteristics of Epoxy Asphalt Concrete
under Salt Freeze-Thaw Conditions

YAN Jingchen', MA Miaomiao, ZHANG Wei, GAO Hongbin

(School of Civil Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: To investigate the fatigue cracking characteristics of epoxy asphalt concrete (EAC) in snowy and frozen
regions, EAC and a control group, SBS modified asphalt concrete (SBSMAC), were subjected to testing. Using
the small beam three-point bending repeated loading test, digital image correlation (DIC), and scanning electron
microscopy (SEM), the initiation, propagation, and accelerated failure of cracks in EAC and SBSMAC specimens
were analyzed during their entire fatigue life cycles under freeze-thaw cycles and salt-freeze-thaw cycles from macro,
meso, and micro scales. The results indicate that determining the fatigue damage stages of asphalt concrete based
on the cut-off points obtained from the derivative curves of the fitting functions for the damage factors of EAC and
SBSMAC is a correct and feasible new method. Both the macroscopic crack initiation point and the microcrack
propagation point of EAC are superior to those of SBSMAC, suggesting that EAC has better resistance to material
damage compared to SBSMAC. The use of potassium acetate (CH,COOK) as an alternative to commonly used
chloride-based deicing agents in snowy and frozen regions can reduce the degree of pavement fatigue damage.
Additionally, the microscopic morphology at the fracture surface of EAC is better than that of SBSMAC.

Key words : epoxy asphalt concrete (EAC) ; freeze-thaw cycle; salt freeze-thaw cycle; three-point bending

repeated load test; digital image correlation

WA B :2024-03-22; 27T A 1A : 2024-05-20
T H: FEARPAEE R H (52168063)
e GEIER) H5UR(1974—) B S a3k, 58l Tl RS fl #0228 0, i+ . E-mail : yjc@imut.edu.cn



284 FESE R A S I

o 28 %

VAR B A [ P A S A HEE R A T TR BE
T (EAC) By JMA LI 1 KME TR, X — 22 A AL
[T HLAE AL G0 T i 2 4003 1) A L 3 4 B T LW
JH S PR 1 A T 6 BE ) B TS R SR R AR 22
LA BT IR T I R AR AR S
1 Apostolidis %38 8 DU #1425 i 15, JEW] T EAC
BA R BP0 55 M BE s Zhang 255 1 = o5 25 i it
5, 0BT T EAC VR G 25 45 20 T 1 25 il 2 B A i
FWT RS b 5 12 5 R A5 T3l 1k /N = A 56 X
4T EAC 783 VR Flfar 200 JH R (09 9% 97 T 24 B Be i 47
TR EBFSE s AN, a0 JTamshidi %5 % EAC BEAT
F18 2 WA 560 B ke 4 T R SOV 1T EALC RS
FHPERE MBS, 38 o 3R 4800 7 MR R 1 i

MR, KT EAC TE U VKR X I 4= 77 i JA) 3
9 95 T LREVE IR ST TE R N A2 R L B BE = R
ANt , %5 F EAC ZSUREE I By Bt Xl 43, L0 58 IR
JEIRA FEINGE % T, A5 1 5 B VKR B A
o MR R B S, S T 45 A BT SR e B R
(DIC) WL g /N g% = 25 i 8 52 0 289% 57 1056 . 7] Asf
FEAR S0 /S, R AT SR i OB (SEMD) 43
Bt AW R BRAE 23 A 5 00 S R AR 25 6 09 T v
AT X200 0 R SR 3 A4 RUBE , XoF EAC 78 il 47 24 K
R VR GG R S5 R 09% 55 TF 2R VE HEAT RGERT Ly

Ml R G5 RICT EAC Gl E JREE
TN ECRE IS 4 4 aek BRI, O SR i TR L B 4 AL
Hb AT BT T ER VR Rl OE PR OB R A 2 SR
(4 J3T 1t 73 O EAC TR 2LFRPERY 2, EACIX KK
7514 I T A4 kA AR UK R b DX ) S o FH AR R TR
SR S

1 FEHRRS 6 &

1.1 E##

Wi AW R R4 ——SBS St s
(SBS & f (J i 40 850, Seh i ey & it 5l £ L 36
Y100 IO o A AR T R L) R 4.590) , PR I SE A M BE
FEbR LR RN L RSB T B A K ET R,
W HB R 6 V0. 3 0 43 g A 1 R B E B 4 L
B R AT AC-13 W 5 TR E - SR BC R T RN a5 A 7 A1 L A
E LA EIREE - (EAC) FISBS MbE i # R %+
(SBSMAC) By f5c £ 3l A He 20 51 S 6.5% Fi1 5.6%.
AC-13 7 IR BE + 42 L WL 3% 2.

WA ITG E20—2011€/A % T RE Wi 75 B 0 5 1R
A BRI RLRR ) 8 B2 A ) B AR S R 30 mm X
35 mm X 250 mm A/N R O B B T B A — 2N
FERF I, LUBG AR T A7 T30 BE R 8 T 35 CL AR T
B a3 30 d.

®1 2MiABERERMEIER

Table 1 Basic performance indexes of two kinds of asphalts

Epoxy asphalt

SBS modified asphalt

Technical indicator Test value Standardized

Appraisal

Technical indicator Test value Standardized Appraisal

Thermosetting

Water absorption 0 <0.3 Pass

Saturated brine resistance 0.1 <1 Pass

No melting  No melting at 150 C Pass

Penetration(25 “C)/(0. 1 mm) 78.5 60-80 Pass
Softening point/C 72.4 =75 Pass
Ductility/cm 40(5 °C) =30 Pass
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Table 2 Aggregate gradation of AC-13 asphalt concrete

Sieve size/mm 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Passing rate(by mass)/ % 100. 0 92.0 81.8 47.6 33.4 28.3 21.7 15.5 11.7 7.2
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Table 3 Basic indicators of three kinds of snow-melting agents
. . Relative Freezing Solubility
T A Purity s ficat H value(25 “C
ype ppearance urity specification molecular mass pH value( ) point/C (20°C)/ %
NaCl White crystal Analytical pure 58.44 5.0-8.0 —21 23.0
CH,COOK White crystal Analytical pure 110.99 8.0-10.0 —11 30.1
CaCl, White pellet Analytical pure 98. 14 7.0 =—27 52.9

R4 HEBEI B RBLE IR R B X R 4H i 0 R C 2

Table 4 Summary of environmental conditions imposed by freeze-thaw cycles, salt freeze-thaw cycles and their control groups

Environment Type of snow-melting agent

w(snow-melting agent)/ %

Number of freeze-thaw cycle/times

Non freeze-thaw 0 0
Freeze-thaw Water 0 5/10/15/20
NaCl 4/8/12
Salt freeze-thaw CH,COOK 4/8/12 5/10/15/20
CaCl, 4/8/12
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Fig.1 E-N and D;-N curves of two kinds of asphalt

concrete beam specimens
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Fig.2 First and second derivative curves of polynomial fitting function based on D-N curves of two kinds of asphalt

concrete beam specimens
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Fig.3 Horizontal strain characteristic cloud diagrams of two kinds of asphalt concrete beam specimens’ demarcation points

under non freeze-thaw conditions
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