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Applying first order second moment to solve the reliability of asphalt

pavement performance under freeze-thaw impacts
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Abstract; Thermal cracks and moisture distresses are principal distress forms of asphalt pavement in cold
regions, which have a significant impact on asphalt pavement performance. In this paper, freeze-thaw (F-
T) cycle test was used to simulate and analyze the impact of environment temperature and moisture on
asphalt mixture performance. Based on the asphalt pavement reliability function and the uncertainties of
influencing factor the first order second moment (FOSM) method was employed to solve the performance
function of the pavement structural strength and reliability and the research on the asphalt pavement
reliability was carried out. Analytical results show that the resilient modulus of asphalt concrete mixture
declines with the increase of F-T cycle. F-T cycle has a significant impact on estimating reliability, which

declines with the increase of F-T cycle. Besides, the value of variation coefficient of freeze-thaw cycle also
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has some influence on the reliability of pavement structure. As a result, environment and other influence

factors should not be neglected in the practical engineering analysis. 2 tabs, 4 figs, 19 refs.
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Tab.1 Test results of asphalt parameters

W IRAS B H I 45
BFAE/0. 1 mm b oL
25 C 123.1
Bk H(REB)/C 47.6
JRRE FEREE (5 C)/em =150
/(g em™?) 1.023
N/ C =260
VAR % 99. 6
J R 2%/ % 0.2
RTOFT I 15 C 65. 3
et 25 C 58.1
FERE(5 C)/cm >150




22 k& XRFFROGAMFR)

2015 %

1.2 —RZHMERBAIEE

IO g - i HE A TR 2 m] 5 BE 43 BT R A LA 2
P52 LB B G o e A 9 R R FH Bl
BLAR 5 0 W CER Ay 200 5 38 B2 P70 R 48 1 AT ¢
J& 5 240 7 KT S H 5 R K- ) U B R g R
RO Ry Cstress) B W BR A B fr . 9 F
(strength) FR N 5T 1. I BE R EL AT KRy Z =
g(a) . Mig(a)<<0) FRHIIfE B AL (g () >
0} RRINAERR B 7] 585 Y {g () =0} KRR I fE
PREIAL F % 4 5 R 8 FURASTY L D) BE R B
) o Ry DEEARHLE R X =[x, x, ] IR
SR 0 A B LA B B FL I A2
O e

L1 Sy AL (8 1 )i R R R B L T LR
tB AT BE AR AU AR AE I T 5 0 B Y S XL X
Bl AR LR RO B B E B . RS TT L RO R
n AE AR A O AR L G = (1D SR A5 DX ME AR R
TR &R GEAE H W B 2% 1R R a8 AT 2R 0 Al
E A

Pr=prob[ g(2)<<0]= J f(odX (D
2(x)=0

Ao (o) EBEALAS & XY I A A 3 5 B bR G
prob( « ) A HER R HL,

A TSR S U I ) SR ) 20 A R
FIE o SR T AE AR S B v A5 3 9 B 0 1 T 0 5ER E 4
A7 LA RIME . H AT K 2 8500] 5 B 0 5% ) A A ik 4% A8
IR DN TR S 0 A1 o SR 5 o ) B 5 B O R I A D 4R
P A FH IR 25 43 A 1 26 Pk AL A7 IR O IE 25 40 A
AR RE P 75 300 0 ) B0 7 R ) 0 A1 AR AE X K ] HE
JETF AR Z A B ORI L £ S B
ARz R T A F 05 By i AT S L
Hr— YR — B 4E (first order second moment, FOSM)
Ji ¥k TE 45 8 BB AT M O AT R AR B )T Iz N

AP gk ir LA R R RO R 4% 4G
) 2 A b o 5 R0 A JE Al
=) — A
= mw
s N
=S
0 ) %&ﬁﬁ

1 sk X Sl
Fig. 1 Probability of failure region

— W B A R — PP R BE B AE 23 A 1 AN A
BF s FUR P S48 5 b v 22 1 B0 455 A e e T &8 R 1Y
FPEN L I O T RE R Z = g (o) fE K
HH B PEURTT Al Z AR 5 K

Xﬂ‘ﬂ:ﬁ7fi g(xl (R »xn)a‘é?)ﬁ Caisazs =,
a,) I N

glxisxs s sx,) =glasas s+ sa,)+
8., (aysas s+ sa,) (xy—a;)+

va,) (xy—ay) -+
g. Caysasseya,) (x,—a,)+
1/2[g. . Caisass=+sa,) (x1—a)’ +
Guye, Carsay s oorsa,) (xy —ay) F oo+

2
gl-”f” (al sy st ed, ) (177, —a,,) :|+

gf? ((1] sy st

28, Carsaz s sa,) (o —a) (o, —ay) +

et 2g. o Carsagsia) (o —a,) e

(x,—a,)+ -
AP g(OR TR 21,20
2, B L o

I 2% 3 FBOR TT ) 22 R X LA BB T

AL . d TP & o A Sz, T
AE oK BTE V- (B 1 — T T X

g(xl s XLy s*®” ’Iu)%g(al sy et ?au)—’_

> =
s Xy j‘j,/}fiflvav"'v

g.z-l <al sy 9" 961,,)(1‘1 —a )+
g;z (al sy s*** 761”)(172 7@2)+"'+
8-, (aisay s ya,)(x,—a,)=

N
8 gty o )T 20 GG
i=1 i

Wk, D e ek B Z = g (o) B9 P BMH 5 U5 22 9%
Bk

#ZZE(Z)Zg(/u‘H s Ma, ,--.’#“ﬂ) (2)
; , . do ., .
o =E[Z—E) ) = Z <a;>jail (3)

M A5 21 AT 5 B35 KON

,8: Kz g</"“1 » Ma, 9'--’//(_/1“)/
oz

MR RS AL B e T EE R AR DX 3 A
R AR oA
Pr=prob[ g(2)<<0]=d(—p) (5)
AH @ b o IE 2SRRI 4 A PR
1.3 AASHTO igit 5%
AASHTO B 5 ik 2 tH 5530 P9 52 i Je K



%43

LA E AR T — R4 A E R T & % @ AL 7T 55 B 04 23

P R T=l A T W  i K
AASHTO 55 B M 8s g vr . YA F B S BUm A2
SEIE L AT AR BE 2y M v B T 25 A8 A R R 7 R AT LA
AASHTO ¥t g gmt

lg(W 1) =09. 36lg(Isn+1)—0. 20+

lg[IAPSI/(ZL 2—1. 5)]
0.4-+1 094/ Iy +1)>Y

2.321g(M,)—8.07 (6)
A W Jy Fe i/ 0 200 T K B 5540 80-kN
14 B0 24 5 fof 2 ESAL; APST 2 B IR 45 fi 77 46 %X
AU/ 5 Tapsi 9 APSTHYTH I8 2805 SN R 254 J2 &
B M, A S B Rk ] SR

EH R RO

Isn=a,D,+a;Dym, +a;Dym; 7
A Iy SN W Z 86 a0 ax vay 351 0 W57
AT 2 R B2 R B2 REG D, D, \Ds
Xof I B 25 K J22 B JBE s s wm 43 ) Ry R )2 IS 2 2 1Y
HeK R E.

2 RRERSHH

2.1 SREARNRELRRESNSN
AC-13 HFIREGH AT 14 RIEBMBEHRRE)S .,
HHTE M A 2 s,

_|_

800
7601 ">
© N
o SR
S 720+ .
- i
% 680 3 3
= 640 T
r s~ E 3
t -
6005—3 ¥ 3 8§10 12 14
VR RLOE BR R $0 IR

P2 o B FF PR X T [ R 1 B

Fig. 2 Impact of freeze-thaw cycles on resilient modulus
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Fig. 3 Impact of F-T cycles on reliability
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Fig. 4 Sensitivity of reliability function of F-T cycles
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