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Abstract; To provide a basis for the design, maintenance, service life evaluation,and frost damage
assessment of asphalt pavement in different regions of China, the influence of temperature and
freeze-thaw cycles on asphalt performance was investigated. The damage characteristics of asphalt
before and after freeze-thaw cycling were discussed based on indoor freeze-thaw simulation
experiments by examining the bending-tensile strength, fatigue life, and dynamic modulus under
different temperature configurations and cycle numbers. The performance degradation
characteristics of asphalt under freeze-thaw cycling were clarified. The temperature equivalent
effect of freeze-thaw damage to asphalt was proposed. Freeze-thaw cycling caused severe damage
to the low-temperature crack resistance of asphalt, with an overall performance degradation
exceeding 50% after 30 cycles. The influence of thawing and freezing temperatures on asphalt
damage differed and can be attributed to ice formation processes, classical thermodynamics, and
expansion forces. Under freeze-thaw cycling alone, the performance degradation of asphalt
exhibited a rapid decline followed by a slower deterioration. The impact of freeze-thaw cycling on
asphalt performance was dominated by the cycle numbers and temperature, with the melting
temperature having a more significant effect than the freezing temperature. Asphalt exhibited
similar patterns in performance after 30 freeze-thaw cycles under different temperature
configurations,and the temperature equivalent effect was elucidated. An equivalent model for the
residual anti-cracking performance of asphalt after freeze-thaw cycling was established and the
damage severity was simplified into three levels.
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Table 1 Parameter scheme of freeze-thaw cycling
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Fig.3 Decay characteristics of asphalt mixture properties

SrHTEL 3 AT AR ORI B VR4 T
JEE A 2 [ il T A R A B TR B )
B, Wi R AR AR R  E RE Y R B
F RS (B IE (E A B EE B/t 50% ) .
A AL 52 A P R R XS O e TR A5 AR R 90 % T T
& HAM KBRS, X 5 FE X A T
FESCERAIANI G . QURRLIEIA XTI IR A
RMIC IR BT RE A 52 5 0T L2 R 4 B
Bt B0 ~5 WURAAGE R 5 WK LA b R Rl 0
W, TE0 ~5 RURRUIGER T Wi IR A R AR
TR ZAPERE 1 R HRE 1 45 4k, T 7R Rl S Y S
WL R AR IR b, U TR AR AR TR P

PERES L 0 35 i gl TRE . @5
2.1 4553 B T A5 B 45 5 — 2, RVl AE IR Y
AR A A BE A A 22 S B R A i R AR A T

(R, FaREE — 2R 4518 15 98 X S B I i
TRLRA A, £ TS, 175
AT (R PE R 95 6 52 B e A, iy AS 2 1 2R
PGt IR 25 T el 2 B 2208 T A E Y 4
R IR SEBRIE B AL T AR S T T
PR, AEBKE AR Ak T B A K
VRAKERE 25 PES |, B VR B 60T 4 iy
FrEZAMK, s 7 R AR R



5 4

WL B  UTOR S U7 0 4 RS PEDF 785

RE AT 3 3 2y LUK o378 S 2 R R A v
7 R T K RIS AT DR TR 45k PR PR ¥ e
FE, AR VR RE L I — E
JEE B4 DB A P DT (45 e R o o = i, LR
HT T A P A SRR, FLBR K AL RE 38 i 5
TIE N VKES = A BB O T TR AT 52 3 3%
T 5K 77 25 5 WLPR 2R 114 1 249 DA e 2838 Bl — A
SPAPIRA , DRIk B4 Y R R AR PR T AN fiE
TR A S B I AR AR o TS P i
T DI AN [, 238 52 36 VR R 30 112 5 1 28 1
MG VR . — 7 T, 7E R R R AL B U A4 B
VERIZERR L, 25047 90 S 20 s A 38 7K/ ok
B A VKEFVE L™ A2 B 46 v, DA T 75 B
J& B R RRAE PR R IR KB A 5 55— T3 i, 4
it an 9 2 iy 2K 15 T ZVRRIAE F A2 1
PR AR I BN T B rr | M — 20 IR
TRATEH N IRES R 2 P, SEBRIE K 7E
URRE IR AR SR B I 25 fL AR AE . R
EELEZRTEAF BN Tk, A%
JEVRRIEES AN A fer 00 R S AR (H ad
XHT IR G RHEARRIESA 25 0F T At Oiketh
PEATEAS , RSt R U TR (20 A
WFFEIT 1], BITE A R AR OO, R
R P55 4 7y 280 B0 R 45 1, AT 900 7
A RHURMERER AL AT HE— L BIBEIE
2.3 RBMBINGEE RS

H T Rl B AL R, M el ) S B
F R, SR T R SR 19 22 5
Y AR R R PR W o R R A 1 A A T
SrIXCRTREFFANERS . PG, O 1 S A iz Ak
WHFEANIE , (AR HT ST 45 R BE A8 ] T 2 [ 4%
XA 2 i TR B I AR R A
% LR R 3 5 v 14 U 5 i Rl PR
AFRAEAL , B2 IR S AN, 2B R A

60 2.79 60
55

©s0l 2.45
M of
£E 45

=40 21

177

ZRI5E BF/MPa

i

35

3035 30-25-20-15-10-5
FRE5EE/C

()RS B B 25k

0% O g
Bes / g S 45 raom
=40 1.65 & 40

®

305 30-55-30-15-10-5
HEGRE/IT
(bR A3 0K HISE B

AT (S RIBR EE I 55 B SR
ZRA VEA R R I B S5 808800

4 (a) FE 4(b) 7051 E/R T VR Bl 6
5 YOMI 30 Y5 2 B 25 R e I 4 25 2R 1 1R
EERRE, WER AT LUE 8 2SR
O3 R =R HR AN R A9 o A R AE . X T
5 URERRAE 24 5 A R A5k = I R R 43
AR LL =15 THI30 TR, LRSS
MREE — 15 C e ny stk i, #5042 18] 1Y)
YRR LL - 15 CTHI30 T HE L)
BN, 1T 30 Uk R @G 20 e 04 TR B 25 4%
= A5 TR T A5 0 T ik B 40 A 3T
RIS —~HH T, 4584 =22 18] B4 40 R AP AT
HA B WX ARE, 456 2.2 Wbk d
TR A RHIT 241 B o A8 FUAEE R 43 1 7 B BB
fiE, 565 5 IR RmIAL T i Be it 58 Ak, B Ak ks
P AN 1 30 IR VR RGN ) W5 T B
FHOCHE AR AR AL T A, DR B i & H
TR RN A o LI 7 R O PR
30 VKA 5 B S 2 TR R LAtk b ATl T
A, A8 Bh S 0 5 A K 40 iy T o 4 227
AT, 5 3025 oy i U 38 4 500 6 T T R
A AL R 290,998 4 BLHTHLG
FRERLG(WE4(c)) .

Kl 4(d) FiE 4(e) 53 5oR T URmlEA 5
YA 30 YR 1525 iy 57 1 08 I 45 2R A T
JEEM R I FEEH N =k, MWEH
AL 9% 57 7 a4t SR i 1R S5l =
TRV B2 1) YL S0 2 R 2 B A AL
ik, PRI R AR R 09 2%, % R BTG 345 30 ¥k
(195 55 750 2~ IR THU G 1 BT T AR A
UL p T A 24 2 5V 1T, A5 08 55 5 A il S
P10 B A o B A E R R
0.960 2, GEHHILAFEE R (WL 4(f))

2.12 60

1.89

1.42 30 K
-35-30-25-20-15-10-5
HEREIC

(cYB IR BRI A



786 WHERKESMARBFR) %40 &
60 182 60 902 60 946
o5 '/\\ g 5 '< j; £ 55 X
e 181g  mSo| 712 ﬁ 250 737
5 45) & mas| J g 45 ﬁ
= 0! 1451 [gol 522 240 529 iR
ES ] # [ ®”

st 35} 35
1266 332 3 320

305 30-35-20-15-10-5

3035 -30-25-30-15-10-5

035 30-25-20-15-10-5

VR4 C AR/ C R IETAY
()R RESTRIE 57 7 Ar o (e)VR 3 OY I 35 A ir 3K () %ﬁ@wé
60 - 5570 60 — 4200 41330
55 = 55 = <
,§50 " |llaso S §50 = |lbw 3 35y 3
s E g x L o
g 40 . 4 3470 45 %’-40 Y 2687 L 2743 45
35 ® 35 ® ®
3035505550~ 15-10-5 > 2 305 3035-30- 15105 | " 35 30-25-20-15-10-5 >
YraiE B/ Vi 45 B/ C. YRR EE/C
(DFRISR BB RS (DRI OR BB EH OB EREHHE
B4 Wi iR S MR R AR B I A5 A
Fig.4 Temperature equivalent effect on low-temperature crack resistance of asphalt mixtures
AR BRI 57 7 fn A R ) 2, TR : x —min(x) (3)

RHYSHAH R LRSS 5 R LG 2R J5 FER 30
DR RAIE B i 1) T B S 30 2 PRl e AR — B, 3%
R ARIOF- T, L 3h A A% (AR 5 R 45 R
TG, T 2 I 2 il A 3R 3 %) 388 T g 34
S 3 (e) FIEI3 () AT, SASBLETE 5 K
VRAMIEER 22 J5 (o 4 T R AN T 5 R R
PR IR FAE R 5 T 30 YR A4S R FEA — 5],
SR FH 55 i 3 A5y 5 R 55 A i A IR G
2, FHRBE IR 30 YR sh SR i o P EA T4
B A8 BT TR AR 0L i T 5 A4 227 1T
15 51 Bl AR i I B S S T R B
= AU R /90.994 4 UG TR BT
(WE4)) .,

RIS AT A, W TR A R R AL 30
YR A AR B % 55 75 i R Bl A A 4 B
CEAEARLAY 43 AT AR, (EL 23 A0 REAE B A 22 5
I, 27575 SO =N R BR  TER = B
=R (3) iR A — b Ab ¥ 2 )5 2440
BCAE , fin AN A5 200 7 TR A e R [ R
B30 IR ELIE IR IS 1R PR, a0
K (4) Fin, AP T R AR RLE
W Wi R AR SRR T M R, HAE
F, PR VR G S8 SRR 55 75
iy 1 S 25 8O A AR A 0 B M g
[

- max(x) —min(x)’
b ox hIH— AR5 B A5 R BUETE Y (0,
1) sx AFEARI R E ; min () A T /)
{EL s max (x) A REAS ) B R AR

—Lxl +fx2+%x3. (4)

YE3N Ty
APy b 30 Wk mh G 2R 0 5% A bt 24
fig;x, AH—LE SRR BUE 0 ~ 15x,
KA —A 5 B9 55 F A, BUE 0 ~ 15x, FIH
— A RSB A0 ~ 1,

PUEAS 2 7 IR A RHR R 1 5 5% R4
SR BRI SR A T T R A o (I
E5), MEIHRTLIE Y FE7R S IR B F Rl ik

60 1.0
55 ’
,§ 50} 0.7«3
§ 451 7=1835+6.616x10%-2.672x10% ﬁ
& R=0958 4 %
40+ 0.3 &
35F
30 0.0
-35 30 -25 -20 -15 -10 -5
GREEE/C
5 URRIMEES 30 URJG SR AP 24 PE R I TR 465K
WA REUE=E

Fig. 5 Temperature equivalent fitting equation and
fitting diagram of residual crack resistance after

30 freeze-thaw cycling



5 4

WL B  UTOR S U7 0 4 RS PEDF 787

TR EEALE 2R PE S, R R 45 e B8 7 VR 40 3t
-5 C RIS 30 TR/, 5T
HPERE R R, PRELR 88 B AE UR 25 IR 5 N
-35 C kiR 60 Tl R, STk fg
BRI, FETIRARVURIERE = I, # VR Rl R
IR N = IX

3 45

(1) FERZEEE -35 ~ =5 CHafLIR
&30 ~60 C S 5514, YRl E A 2™ 5
PrE DI IR ARG DT 2 R, FLB = Y
A T P R AT %) VR 45 Uk 4 R ™ 1Y)
PEfER . SRR, i TRl iR AR L S
S FL B VKRR 34 A 7 1R B 2 AR AR
TR 5T VR Ak B IR T R B %) 5 AR X
A T 1 AR Al AR, SR X R
T8 L ) VR Rl ek P AT o e i — 2D e

(2)E 1 X R ARG O ~ 30 Wt A
IR A RMRIR DT 2P RE Y AR FRAEE A T AT
AT LAFSE Y R RGP 6 0 S v e A R ) R
A3 RPRA B B, BIDRER 45 16 B B (VR w4 34
0 ~5 ) MZZ1e % LB B (FRAAE 35 5 ~ 30
W) o BRI R T v I A 5 B 2 4 g 21 AN
R AR FR R RR A VR, L AR R A T o —
HHRFIE

(3) TEA BRI AL (30 ) REMEIR T,
S EL (Rl Ak TR R R S5 IR ) X IR A
BHOMCRTRERE R — & S REH . 5
THAERS AR, 85 T RS &
TG = B, e S T 0 IR
B RHE TR R ATE PR 5 R far 28 — VR il 5 B
FERRHE T LA

(4) G55 75 RS P s B 0% 55 77 AN 3
SEE R T RN R AP 2ERE I
AT I A RSO T R AU = B R AR
Wi T AR R Al 5 2 B 50 R — 9%, 3R
] AN [) b DX 0 757 5 TR T SR A v
FIAR A 7 DAl PR AL T KA

&% 3k

(1] BR4ut. 220 R 22l XK A7 0 75 S8 10
FPFEDISE [ D], 2 M 22 M3 K2,
2022.

(CHEN Weibin. Research on fatigue damage
characteristics of long-life asphalt pavement in
seasonally  frozen  regions  with  large
temperature difference [ D ]. Lanzhou; Lanzhou
Jiaotong University ,2022. )

[2] DR RTAR. RACRIRXARIE S Stk i
T MR e 28 (7). 2 8%,2020,65 (6)
241 -245.

( LI Runzhuang, ZHU Yujie. Comparative
analysis on the applicability of rubber
composite modified asphalt in the seasonal
frozen areas of northeast China [ J]. Highway,
2020,65(6) ;241 -245.)

(3] BRdil. 20k DA I 75 SR A kA e
REWTFE[ D] MG/REE AR UMl R 24,2015,
(CHEN Zhenchao. Research on road performance of
rubber asphalt and mixture in seasonally frozen
region [D]. Harbin; Northeast Forestry
University ,2015. )

[4] 2Pt A, SREEINRAE T R0 IX 0
TRARHL 0 1 B o 080 BTN [J]. A B,
2017,62(11):9 -13.

(LI Dandan,ZHENG Chuangfeng. Quantitative
evaluation of early performance attenuation of
asphalt mixtures in seasonally frozen areas
under the influence of environmental factors
[J]. Highway,2017,62(11):9 —13.)

[5] %8, A2, MRS R PERE R O
RIRATFE[ T] . H PRSI KA 24l (A SRR
hR) ,2015,34(6) :53 -57.

( TAN Wei, XUAN Weian. Attenuation
regularity of skid resistance of asphalt mixture
[J]. Journal of Chongqing jiaotong university
(natural science) ,2015,34(6) :53 -57.)

(6] M. ZoR X R A B TR ORI 5
WE RS RHE FPED (D). K3 SRR
2% .2018.

(TIAN Peng. Study on the Engineering geological
environment and asphalt practicality of Jicao
expressway in seasonal frozen area [D].
Changchun ; Jilin University,2018. )

(7] ZoEisfil A HRA O T, A TR
R i 7 R A oRH 38 M2 JTG E20—2011
[S]. dbat . A RAcH it ,2011.
(Institute of Highway Science in the Ministry
of Communications. Standard test methods of
bitumen and bituminous mixtures for highway
engineering; JTG E20—2011 [S]. Beijing:
People’s Communications Press,2011. )

[8] MREENG, E20, sl % (IRIRH X HF IR
FORHAR R 55 FE VBT [T] . 8 B Sl B
2006(4) .7 - 10.



788

Tk B B OR E eE R (A SRR )

540 %

[10]

[11]

[12]

[15]

[16]

(HOU Shuguang, WANG Hongchang, HUANG

Xiaoming, et al. Analysis of freez-thaw fatigue
performance for asphalt mixture in low
temperature zone [J]. Journal of highway and
transportation research and development, 2006
(4):7-10.)
IR IRACAK, RSB, S5 VR AR R
AR ATERERI M [ T] . IR TR
2#4%,2014,35(3) ;378 - 382.
(LI Zhaosheng, TAN Yiqiu, WU Sigang,et al.
The effects of the freeze-thaw cycle on the
mechanical properties of the asphalt mixture
[J] Journal of Harbin engineering university,
2014,35(3) .378 -382.)
FENG D, YI J,WANG D, et al. Impact of salt
and freeze-thaw cycles on performance of
asphalt mixtures in coastal frozen region of
China [J]. Cold regions science and
technology ,2010,62(1) ;34 —41.

R ORAR IR X 7 1R SRV RE B 5
[D]. W5 S Tl K% ,2016.

(LI Zhen. Performance effect of asphalt mixture
under salt freeze-thaw cycles [D]. Inner
Mongolia; Inner Mongolia University of
Technology,2016. )

PR BT R HE. 7 R R~ (B 2 5 /)

RPN IR [ 7], RO TR
W(zxcHEP %5 THM), 2010,34 (6):
1224 - 1226.

(YANG Datian, ZHU Hongzhou. Contrast test
of semi-circular bending to small beam three-
point bending for HMA [J]. Journal of Wuhan
university of technology ( transportation science
& engineering ) ,2010,34(6) :1224 - 1226. )
WANG J,QIN Y,XU J,et al. Crack resistance
investigation of mixtures with reclaimed SBS
modified asphalt pavement using the SCB and
DSCT tests [J]. Construction and building
materials ,2020,265 :120365.

JAHANBAKHSH H, HOSSEINI P,NEJAD F
M, et al. Intermediate temperature fracture
resistance evaluation of cement emulsified
asphalt mortar [ J]. Construction and building
materials ,2019,197 .1 - 11.

S IB RPN B2 E ST, 8 s TR AR
ISR TG E42—2005 [ S]. dbnt: ARAE
i Hh AL, 2005.

(Institute of Highway Science in the Ministry
of Communications. The methods of aggregate
for highway engineering: JTG E42—2005
[ S]. Beijing: People’s Communications Press,
2005. )

A AT R LN R A A T IT. 2 I 1 I T
Jit T H ARHLIE . ITG F40—2004 [ S]. dbmt: A

[17]

[18]

[19]

[20]

[21]

[23]

[24]

FOACTH ittt ,2004.

(Institute of Highway Science in the Ministry
of Communications. Technical specification for
construction of highway asphalt pavements:
JTG F40—2004 [S]. Beijing: People’ s
Communications Press,2004. )

VALI G. Ice nucleation—a [(Cl//
Nucleation and atmospheric aerosols 1996. Finland ;
Pergamon ,199.

HELILMUTH O,SCHMELZER J W P FEISTEL R.
Ice-crystal nucleation in water; thermodynamic

driving force and surface tension. part i:
theoretical foundation [J]. Entropy, 2019, 22
(1) .50.

JOULE J P. On the mechanical equivalent of
heat [J]. Philosophical transactions of the
royal society of London,1850(140) .61 —82.
FAHE. BRACA 2 4R R b PO R 5 R
MERDTREPLRIBE [ D] W 2R IR K U Tl
K2#,2019.

(WANG Jiahui. Thermal and mechanical properties
of circum-arctic permafrost and mechanisms
for thaw subsidence of ambient soils of oil well
[ D]. Harbin; Harbin Institute of Technology,
2019.)

Ve MG, FE DX JEK A vk il B K g 2 AR
WS R FE[D]. 05 REE ARde A R
2#,2020.

(LENG Yupeng. Laboratory simulation and
influence factors of ice temperature expansion
force of plain reservoir in cold region [D].
Harbin ; Northeast Forestry University,2020. )
JIANG W,BAO R, LU H, et al. Analysis of
rheological properties and aging mechanism of
bitumen after short-term and long-term aging
[J]. Construction and building materials,
2021,273:1217717.

ARHL. GRRMEIME T LA AR T IR G

B RE AR R RAIB SR [ D]. K& Ak
K2#,2019.

(YU Di. Research on performance decay
characteristics and mechanism of basalt fiber-
modified asphalt mixture under freeze-thaw
cycles [D]. Changchun: Jilin University,
2019.)

BUREAR BT 2% R, 55 K — R - T
PERITR W I T 55 77 i U4 (0], 2 B
2019,64(11) :192 - 198.

(JIA Xiaodong, LIANG Naixing, ZHAO Yi,
et al. Prediction of fatigue life of asphalt
pavement under water-temperature-load coupling
effect [J]. Highway, 2019, 64 (11);192 -
198.)

(DTS Ak E BSOS XK A )

review



