MHZRCF M I15,50 39 & 5 9 W Applied Mathematics and Mechanics
20184F 9 H 1 HHAR Vol.39,No.9,Sep.1,2018

X E 42 :1000-0887(2018)09-1081-10 © N FHECEEFN 124025 2, ISSN 1000-0887

ETEMBFELHNITHRESN
AEEST

ARE, B &
(PR SR K2R BB, P4 710055)

FEE: eI A AT SERERS AT ST T SR TG AR R B AN AT )

BT EF T S 5 T 8 T 4 P ) 2R R S R 8 e B R S B A S 2 T i e 5 DA T 4 5 o 0 7

5 T 5 AR AR T S BT AR 45 A VBT X R 75 I BIEA T T A S Y S0 TR S5 SRR B . A —

R SO W] A B 55 4% 50 ] S B A Lh SR AR TG G n) 5 B LT i, o oF B 1 25 A R AT 1T

P AFSRe TR 7T S F85 S Jor AL [0 8 1 8 T P B, BT 8 T ) 66 1 4 BR A A P e > o

A0 TRI T 1% T P 450 5 A B AR A TR PR 0 P 4 S 150 1 100 B 1AL 45 /0N | DTG (s 75+ 85 T 7 44 TR B

WL A TS S T AR A R T Y SR R ke ) B RS I S DX T 4 X AR

A BE /R B AR B X A R S A A, AN BRI R IR, Y k {HIEUE 80007, ~

1 8000, A P BRI TR SR, B 12 AR 408 52 B A7 150 246 B8 22 I 53¢ DX 1] (9318 BT, DA DR UE 25 4

el

X @ . EMTRE,; SRR, BOMIECAENG; Ui RmasH; SRR R

PrFRLYL

FESHES: U416.2 XEKARERD: A DOI; 10.21656/1000-0887.380278
5 5

20 fHh20 40 4R40, A7 R BY3E B TR RE 5 B U B S5 M i+ 5 20 i 4 vh | JF8
R SR T A DA M R AR BE AL G BRI 45 5 W B I T 25 0 1 RE A, A5 A P 58 B AT
R B IR TR IR (8 P A 0% T 2 A, I s B (T R AR
VEFYR O B ] P 65 T 2 T 25 00 022 IS A By 0 0 o AN i sk LAV A 6.

L E A SR H2ER Zadeh FAZT 20 40 60 4RI “BOMISE &7 HES ORI % itk
BV, Z RO S S 07 A5 3] 1 A JR A I T A R I BB R BRSO P A T
3N UL 0 T 235 A 1) T s SCRRSOR M | 2 PRAR R R T AR R 2 ] 1) 22 S RO 1 45 A
ATAR SR A RATT Hh A 3, ORI 50 e 5 22 MU AR AT 7, ORI B30 EAT W Sl g A e
PTAFER , 3R () AH O B AR AR e 0 77 B T B 1 IR AT o M DA S BEAILME O 52 I
BEETFITY S 2 Fh v K 3] B 1 45 40 ] 5 BE AT BF S s 4%, L U Monte-Carlo ( 5 45-R &) 16

« WFSEHER: 2017-10-31; f&iTHHEA: 2017-12-15
HEE&WH.: EEHAREES (51178387) ;BVGA #E T ARPIEILS (14JK1414)
EERN: XMRM(1957—) , 5, #04% , i+ 2 (E-mail ; liujunqgingjd@ 126.com) ;
i (1992—) , o B GEIRVE . E-mail: 1623944726@ qq.com ).
1081



1082 Xl 17 il i B

FI AR, AT R S 1Y J-C % (B ARy Ho A & B0 0 m] 5 B8 07 vk, I [ s 25 1 Bt AL A
DA R AR Yo 235 ) T 5 B ] B 7 A A5 M. o 00 T S8 T 5 40 A T B A LA B BILE [T
W EL A RO | DRI 00 747 86 T 45 0 T 0 3 — A BSORT B AL v 5 B 4 B i P BB v S M 5
T, 20O B BRI B A2 FF S0 T 86 10 45 W) B0 P R A 2 v, S )0 00 1 4 4 A
AR S BT RR Y (R B B B T AR SEBIEA T oA , oA BBtk HE B P 8 B A T 1%
G ] SE R O 2 b B R A OB ASOR B 3 ) 38— A S O I o P 2 T A
HIZE KIRRERAIEZ AR IR UK I PR S5 #  7E AR il 2k B9 E R 1x107 F
PEAT T 25 S I SR T 55 BE AR A5 G0 00 nl 52 B 32 1m0 1 6 A% 48 1R ] 3 R v 5 B 8 A
W 2 B AR AT 5EBE 95% ~99% M Al 45 BEHE AT 1.645 ~2.327 FYBLSR | TASOR FI 58 B (0 25 7T % i 3 2
BRI I AN JE BER X R WA BB TR BT A7 75 T SO T IR Y SR | 717 LA AP A SRy v)
SEE R R I T S5 H R S BR T SR B BEAS T A M R R A (1 A A T AR

AR SC LA T I T 445 K SR A 5 0T G 5 D U0 7 5% T 25 A A R R S O A ELAT RSO A
K FOER B YR bl H b5 20 h S0 A0 e B pREIC, 20k i o7 AT 2502 B X HLdE A 7 T 4
JE 53 HT.

1 0 B I A5 AR R BRAR S B ASEM) ] S 32

1.1 HEREEAHRRRE
TEALGE R ] A8 B2 BIE 0Ar J7 vk v, SR 5% 10 235 44 O B BROER 28 ( BR&5 44 ey 22 42 B i R 1Y
AR RSB R AT RSO S 22 R 5C R I AR S5 A (T RE s BT Rk Z =
R = S, FHI A FRARE T FE Ny
R-S5>0, reliable state,
Z=<R-5=0, limit state,
R-S5<0, failure state .,
AR SR VA BR RS DU IR PR 0y, S 2105 7 8% T 205 4 T 5 B8 115 B A PR ek Ky
Z=1,-1, (1)
A, 1 MEERBOT BUUE, 1, A far B E T 7 A i R 2 (R (B SE PR ifE) .
CL N7 % T 25 A8 A TS 0T 1, FNSEBRES T 1, AR B sk S H 3R M IE 534, g = (1)
A RNZEAE A DI RE PR AR Z 2 BT BT 1, FVSE PR 1, WIS B BERILAS 58 BT 2R ) — 1 e
K AR B IS T A RS f s SR A BERLAS & X R X, BIRMIEZS 7340, 0 X, A X, 1922
(B AT LR B BEAIL AR et R IR M IE S /0 A 19, B Z IR IEZS 045 Ny, 05, Hetfw, S Z (173
8,0, A Z (FnifE2E , H i AERE b BEHLAZ & Y128 5308 0] )

= E(Z) = E(l) - E(L), 0, = ol + o0 o)
Z JE MR MIEZS AT Y, W Z B ME 3 2 ek EIOh TE 25704 WE 3 2 2 e K, )
1
7 /)= —— ‘[(Z—MZ)/U'Z]Z/Z. ;
= .

1.2 FERBHENEH/E
20 4D 60 4FAR, Zadeh # 4 F o PR TRIMIER G IS 45 — BBk U, U L —A 1
WIF4E AR U 2100, 1] X R AG—~ Bl 5
Moz U= [0,1], u—p,(u),



S TSN Kl B 1) 100 7 S R 2 ) A BE O A 1083

o, B0 A BOSRE BRES e, (A) FROH w XF A BRI .

TERTHIECA BEE h  S5E R ek 8 e U A R R B w(Z2) B2
BEXT T A U 7 TR 25 A4, ol TR IE 2 SR pR RSB S B b S e L B 2 25 0 47 4
03 77 0 A 25 R R SR 0 DX Py e 5 PRI 0 T e TE 3 43 A T 5 i S s ek B, O

(7 1, /< a, (4)
a e ME®? Z>a,k>0.
HpRBEDIE an i 1 s,
w2z)
1
|
i
|
|
|
|
i
0 I
0 a VA

B kIR A R
Fig. 1 The reduced semi-normal function distribution map
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Fig. 2 The fuzzy failure probability map of the asphalt pavement structure
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Table 1  Deflection data of the asphalt pavement

test number n deflection value /; /mm test number n deflection value /; /mm
1 16.00 41 5.00
2 8.00 42 12.00
3 5.00 43 5.00
4 26.00 44 20.00
5 20.00 45 9.00
6 17.00 46 2.00
7 8.00 47 10.00
8 7.00 48 5.00
9 26.00 49 20.00
10 20.00 50 18.00
11 26.00 51 7.00
12 10.00 52 15.00
13 13.00 53 5.00
14 20.00 54 22.00
15 23.00 55 18.00
16 26.00 56 11.00
17 14.00 57 22.00
18 22.00 58 23.00
19 11.00 59 10.00
20 5.00 60 24.00
21 9.00 61 26.00
22 26.00 62 25.00
23 6.00 63 10.00
24 12.00 64 6.00
25 6.00 65 25.00
26 10.00 66 13.00
27 21.00 67 6.00
28 26.00 68 6.00
29 11.00 69 12.00
30 25.00 70 25.00
31 25.00 71 10.00
32 5.00 72 26.00
33 13.00 73 18.00
34 15.00 74 9.00
35 17.00 75 5.00
36 11.00 76 10.00
37 26.00 71 22.00
38 7.00 78 20.00
39 18.00 79 16.00
40 23.00 80 24.00

C R 75 B T BT TR N 1, = 25 mm , i LA B4 25 B i ey B T %
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Table 2 The influence of fuzzy zone boundaries on fuzzy reliability degree Py

N 0 0.5 0.8 1 1.2 1.5
fuzzy numbera = u, — o, My mn, — 050, u, -08s, u,-o0, u,-120, u,-150,
K = 8000 ;> 0.487 5 0.6772 0.770 6 0.820 3 0.858 6 0.893 6
fuzzy reliability K = 10000 ;> 0.488 8 0.678 7 0.772 5 0.822 5 0.861 4 0.897 8
Pq K = 15000 > 0.490 9 0.681 1 0.775 4 0.826 0 0.865 8 0.904 4
K = 18000 > 0.491 7 0.682 0 0.776 5 0.827 3 0.867 5 0.907 0
traditional reliability Pg 0.905 4
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Fig. 3 Relationship between the fuzzy reliability degree and the fuzzy critical

interval range of the asphalt pavement structure
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Reliability Analysis of Asphalt Pavement Structure
Based on the Fuzzy Mathematics Theory

LIU Junqing, HAN Jing
(School of Science, Xi’ an University of Architecture and Technology,
Xi’ an 710055, P.R. China)

Abstract: The fuzzy mathematics theory was introduced into the analysis of asphalt pavement
structure reliability, to better fit the actual condition of pavement. The failure membership func-
tion was first given for asphalt pavement structure, then with the road surface deflection value
as the control index, the asphalt pavement structure fuzzy reliability calculation model was built
and verified with 2 asphalt roads in the Xixian New Area. The results show that, in a fuzzy e-
vent, the fuzzy reliability is always lower than the traditional reliability. Based on this, the relia-
bility design of the pavement structure with the fuzzy reliability can strengthen the pavement
performance and prolong the service life of pavement. In service, under the fuzzy reliability the
pavement damage degree due to environmental factors is less than that under the traditional re-
liability , thus reducing the amount of pavement maintenance and saving manpower and mainte-
nance cost. The values of k and fuzzy critical intervals of the selected membership functions play
a direct role in the magnitude of the fuzzy reliability. Through the calculation of different road
combinations and different k values, it is found that the reasonable value of k is within 8005 ;> ~
1 8000 ;. In the real engineering practice, the critical interval shall be determined according to

the actual situation, so as to ensure the safety of the structure.
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