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Abstract; The influence of freeze-thaw cycles on the shear strength parameters, elastic modulus
and fracture performance of asphalt concrete is studied to provide a scientific basis for the
prevention and control of freeze-thaw disasters of pavement in seasonal frozen area. The change
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rules of shear strength parameters of asphalt concrete are determined by freeze-thaw cycle
experiment and triaxial compression test, and the influence of freeze-thaw cycles on the fracture
performance of asphalt concrete is studied by semicircle splitting experiment. Based on the
ABAQUS software XFEM, the dynamic crack propagation law of asphalt concrete is simulated , and
the damage dissipation energy in the cracking process is collected dynamically. Based on Griffith
fracture theory,the calculation methods of mode I and mode II fracture stress intensity factors of
asphalt concrete under tension shear combination state are derived,and the influence mechanism of
crack inclination angle on crack propagation path of asphalt concrete is revealed. The shear
strength , elastic modulus and flexural tensile strength of asphalt concrete decrease with the increase
of freeze-thaw cycles. The elliptical fracture strength criterion is better The proposed stress intensity
factor can better describe the cracking characteristics of asphalt concrete. This study is of great
significance for the prevention and control of freeze-thaw disaster of asphalt concrete pavement in
seasonal frozen area.
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Fig.1 The diagram of AC-13 grading
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Fig. 2 Testing devices and stress-strain curves
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Fig.3 Effect of freeze-thaw cycles on cracking strength
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Table 4 Mechanical properties of asphalt concrete under freeze-thaw cycles
VRAMEFR/ K Bi% J1/kPa BRI/ () PR R/ MPa B %408/ MPa

0 850 31.5 204. 01 1. 41

1 723.38 30. 12 172.23 1.1

3 605. 31 29.28 141. 11 0.698

6 464. 56 28.24 127.76 0.582

10 349.7 28. 15 111. 51 0. 495

15 244.23 26.17 88. 06 0.393
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Fig. 6 Schematic diagram of fracture process in the
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Fig. 7 Finite element analysis of fracture propagation when instability occurs

HIIEL 7 Al i, AN R 2B S B A
A FRE S AR SR T i 35 7 AR — 5 A B A
B ZLBRARuAL Y Mises i 1 B i 2 F HoAh
FRAL, 3 T A SR R e A g g B TP B
GTEL, DB RO M BRGSO
BN 1Y), 25 2B ABUAA D 30° F1 45° 1,
I3 3 3 WAL AR e 25 5 24 LB BT 35 B
60° I}, 2B Y L 1 0T U6 4 b I B 2%
RN 18, BER BB R, AN [ {6 £y 24
BRFEHLRE A Z LA AN 8 TR

16
14t
12

(=1
T

FEELAE/10Y

[ S - Y
LI B —

0.20 0.25

ET“EJ/SO.IS
8 PiiFERIRE L (L
Fig.8 Variation of damage dissipation energy
HIPE 8 nl 7t , AN [ M0 £ SR B A R R 8K
L =AHr B, H1 BB b BerE 2B
s 2 IR AR R B P BOR BT R e i, (2

0.05 0.10

[ElE=N

SERERFEICR G /N Tl S RERBICR G, 0
I 8 5 OA BE; 4R R 1 RE £ 1 SRR 2R b
FAITTIRBTREARSZ B BRI, STk 2 e AT
PNA R AIRERRICR G IR IF Ik S e
R G, WA 8 [ A k5 B e

PNTH=X

HRCR GBI R REREBHCR G, B, 241
TERTINR] PR 25 K A 2R e B 2 ik 3K
BEARRFR 2B AL, KR K] 8 T AB B
5 =B, SRR B  FERLEE SRR
—FE AT, XN E 8 H BC B

SUR A AR 43 ) R 30° ,45° Fl1 60° Fir Xif 1
Al AFEHLBE M 1. 247 x 107 ,1. 073 x 10*J
12,472 x 10°) , IAFERLAE ] 1. 164 x 10°T
1.231 x10°J #11. 332 x 10°J, Bfi& fA B ro 1
T 1 S FE T RE R S5 2 FE TR 35 H AT 5 )

ARNEE TR

A, B BRI R B i N A BE AR
RN 9 FTR
35
—a— f=30°
30F —o— f=45
—a— B=60
. 25
ézo
s
§ 10
5 -
0 O.bS 0.‘10 7 0..15 0..20 0..25 0.:.50
B [B)/s
9 LARREAE AL

Fig.9 Variation of strain energy
&l 9 AT HY 30° 45°F1 60° T il 24 i f
e Xt B R R B TE) 43 ) O 00120 67 s,
0.124 18 5,0. 139 448 s, 45 Ff &£ 1Y 75 hll 4 Bt 1o
RERE A 2B e S HE N , A8 Ao e — s ] Bsf
LURIAIS  3xX F 22 i T 2B B T A 1

S
=



53 4]

A T TRBE L R R SRR S A T HLER I 5 525

[, FH T 2005 2R B, 23 (b el s AR
TEARHAK &, PRI 531 7 A2 B A sk 20> 28 0,
IR SR 9 IR A XS AR ] B ]
HE—DEIIE T 12 8068 N 3 I S0 40 R il %
S4B R A AP e X g A B ) s 107 ) 5
- K, (i =1,2) WILEIk 20008 W7 245
K (i=1,2), ANIRMEA R A& A 2R e i IR
BB WA 10 Fis .,

AR 10 Th o & AR 2 Fa g il 5t 22 Bt
K a, MR S, FE2EAE =25 mm,

(8)30° (b)45° (€)60°

B 10 AR EAm LB A I SRS
Fig. 10 'The critical state of fracture when instability occurs
FHEE ST b =850. 12 kPa, NEEIES o) =7.5°,
WHAEREEK 0 =2.5 mm , AR (2) 5
I FYINTT 7, ARHE(6) ATTHE AN [R5
FSBRAIWT BT Ko (i=1,2) , BRI
WSO R AR LR S,

RS WHPIEIRL

Table 5 Calculation results of fracture toughness
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30 27. 84 38.83 25.92 35.61 5.59 34.17 7.44 1. 16
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Table 6 Effect of freeze-thaw cycles on fracture

toughness

wmgs  JPRINN Kie/ Kue/
HUE g /MPa  o,/MPa  (MPa-m? )(MPa-m? )
0 2860  18.06  0.7294  0.1282

1 28.67 18.04  0.7289  0.1282

3 27.77 17.17  0.7039  0.1278

6 24..00 1353 0.592  0.1262

10 22,59 1216 0.5599  0.1257

15 15. 89 570 0.3547  0.1165
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