@36 H W5 om
2004 % 0 H

A% O R

ACTA MECHANICA SINICA

Vaol. 36, Moo 5
Sept., 2004

RMAREHL AT S AT R S —AREL

BREE - HEET

TR T R R e, e TI00TE)
AT R S AR LA RN, g T10072)

R 0] e A BERIER e S i 0 A T BERE A7 B WL S AT BRI A, 5 1 AR — {0 B B 2
S T e R R R S R R, T B LA B R St R ST R, T
BT S T P B T B R, S ELCRh S R A DI B AR T BEPE S, IR AL R AR
PERCRY B R O R 50— B, I ELIC TR N Sm B i PO R MR Y. R B ALE T R
BRI R A R R, T LR AR T AT A R R, ) R SR B S AL R R AL TR
BBRZLA NG ST TR, SRS SIS T IRMNA.

ES 4

51 &

SCTE AT REERIBE S, 28T TR S
HAREIGRE, 0T RURE AT AR e Bt S 1 iy it
T Tt A RARMPE MBS D01 Som [1,2) 9F
LT HL A B AT PR L PR R, LT
F, ATERAE RIS TS OB ML B SO [4]
R H T oy S i ST T P o BRI e AR
MBI HIL A BB S 7 SR (6] WA DR [4] 51
AR A 5T A B T T e, R T
Fofr b T RS P 2R A AN BTEL R B
5. 0K [4] Aok [6] By RET T aaSE R R
1z F3 24 BT BI85 T AL BTbL S iR T S
i, HERIEBOE e B 2122 R i . S5a
o H A RO B AL AT SRPE b T i, ATfR LT
BT (1) A e B A 1 T o AT R
R A O B h TP L 1 A T e as il B2, ]
IR S B AL 2 P T i SR L R AT
WAk (2) FEL R BRI HRI R R T, B
S PRI BE ML T S 4 S B . B AT S b
BT R AT T HA A B I AT PR e ok i e T
FESE— T BEHL AT S S A0 Bl 411 ] Stk i <2 = 0 B2
470G, R AT L B B AL AT B e A
T A B A B AL T AR PR . AL IR T
< H R RO R BT S5 AL i AT ST .

00106 HrF| 21 R, 2000-06-15 i FE]E SR

BiMIPE, BALEE, SR Si—BUR, orEte

1 SHATNBEN T EME A AR
BRI ke

1.1 A TFlERENER
L1 A Bk A A e

B DA A WA R, RO
S, RS MEMY, R>SAMES, R<S
AT, B R AL AN I S ) R R R
FEREL fre(r) FOSRIEEEL pa(r) Fom; S MIBHHLYE
TR 4590 S P W PR R B fol(s) SR B i
psle) F#aw, 24 RS B2 A A0 ) B 41 2 it
i, 7 pr(r) = ps(s)=1; % R, S EAARFHNL
FERPHIRIAE R, F fr(r) = fs(s) = 1. IR
Bl F O] L R &40 7 A A it (R i L A Bl LA
BT s P Bl - B

F= [f.ImI[‘i'].fu{‘?']#.ﬁ'{s]f__q-{s]l:l'i'ds (1)
ATEL 4 FhiE Rt iE F R

1) prir) = ps(s) =1, B§ BRAN S B8
WIRE B e e,

F= f [ Fr(r)fs(e)drds =1 (2)

2) fulr)=ps(s) =1, B} R OUHIMZERE, S 24

1) BSR4 (D0363010) , BUFALS (NICHOS02) RIBEAH &880 4 (N3OS01) #EiE.



o34 4 7

s i 004 £ H 36

SEALAERS, 7
Fe ff ) f(s)drds (3)

3) prir)= fs(s) =1, B} B ABPAR, 55
AR, 5

F =[] fulr)ps(s)drds (4)
Il

1) frir) = fa(s) =1, Bl RS B4R EEIL
iR R, &

F= ] prlrips(s)drds (5)
/I

ST b SRS ETER 7R S fEsET e
DI R I SE B, AT LR A AR B R LR
S 2y T TR 08 FRRERT ey )™ SRR BT M2 S =5 1y
A[AERE P

Fr= % f f P T frl s () fs(s)drds  (6)

h<s

Fr= % ff prlr) frlrps () fs (s)drds — (T)

H=s

miRH
Fr+F= %[f[ pi(r) fr(r)ps(s) fs(s)drds+

li<s

J] mm)mes@rsean] =1 @

H=s

F B ET, LT F pytes, ar
BLEE TR L A BLIE A Al SRR AR S S B YA
P ey T AR EAR R S - B[R] AR A SE AR AR S R R
JEE 2% 1] W KC.
112 5Bk a1

e T Rk R SR SR s SR TR, A
H AR A AEST e 4 5 2 A A Wl 2, T L
S HPRAER M = R- S BTHMESES pkR
JEE pg(m) TR FHUN B0 F SRIBEE pp(m)
VL Bt A T G (6) At (7)) 950 — A5 ) AU Bl
L2 2 O 5 0 T R R s S04 T

1= [l oot onss
b= % f j:h_ﬁ. pae(r) falr)ps () fs {S)#__;-{m]clf-(:sl )

BS 0 F AN, FFR pig (m)+pup(m) = 1.
= (9) it (10) &

P+ P :%ff [#,—,.{m}+#§{m}]'

1(r)fr(r)ps (s) fs(s)drds = 1 (11)

b (11) DR ER s AT I A T SR B S T
BEREFME, X5 LR TR A0 1t p AT SRdEE
FERIES e B

1.2 nfFRERENER
1.2.1 A [BAR 2 e 1

BWEMER » PTAWSHEER &2 =
{ryra e, VY, (i = 1,2, n) MIE BT, H
BT AL PR A1 - 3 T P R R i B R A f () PSR
JR R () Foam, LR R BUE H0E 0, F
2y, WHBEFS (1), 2% () st (7) 1AL T
FLJ S B AR S Py FIaTREEE B A aildn
£ (12)~(14) 7.

F:f---f.f. (1) fa(awa) =« - frlwn)pn ()

.“2{1:2)"'-“71{371}':13":132 ceedry {12}

Py = %ﬁ}! ...ff,{:;.}_fz{xg}---_fn{xn]#l{xl}'

pia (2 ) - i (g )deyd s - - day, (13)
r=g [ o [ @on@) feome)
pa(Ea) g ey ey des -+ dey, (14)

1.2.2 3 Bk a1

L PREMARPE AT SRR, Bl
A M = gley, x0,-- -, 2n) BT L4205 Fodit
WSO, PR AR R g (m) F0 g (m) el
b, HASEEFE Py MIRTSEEE P I FRTs

=g [ [ A@0R@) h)

pn (e )pa(ea ) e == pr (g Jpp(m ey i - - - dary,
(15)
P.= %/'"j’.fl{xl}f2{$2}"'fn{$n}'

pala g () - - po (e )pg(m)dey dag - - - day,
(16)

2 HSAREHL MR BUREMITH
2.1 FEBERRAMIE



#®a5m

T (13) axf SR SCARUHA B 411, % S8 A 5 BT 2
BOEEA AL, BT F s, Bl
HB o R - ac i), RAHE S BB a &
WY LR B B, 2R A (13) o SR o
(b PSR R O T, T L ST L B L 7T 9
AR ) 7 TR R S SO B L i A S
SR B RO O L SRR O R A R, IR
(75 i R PR A T A PO SSRAR 1,2, oy
A AR, 55 npy ) npya, oo n A
ARG BELER, B n, AR 0, 4B
WA, H oo+ n, = n).

jril;)

f prilas

#Eﬂ{xs} = ] i= 1:! 2:l T,y {IT}

W ) (o) AR g () I 255 A 245 58 6
Wk (17) TEL i, Smh st 25 o AL T A
ﬁﬂﬁﬁﬂ.ﬁmwﬁuﬁwafmmwmﬁhﬂ
(13) AT {4

ny
II f pil; )l
P_j" — i=1 =

[j;',r -..ffnrﬂ{xw_,_l].

Fagia(Engiz) - Fulwa)pl” ()
Léﬂ{x?] .. #Ef} (t )elry s - - (l;l:ﬂ] —

ﬁ f g )l
= F

P}E] = K- _F"f-lr_l:'!l:I {18)
H
‘F"JEE:I - j::',r h .[-fn.ﬁI{-'r-n.r""]fﬂ.r"'z{x“f"'z) o

Falr S 0l () - gl ), )
dry iy - - dey,

ﬁ f pri (s )

- i=l
K= e
R P R R 2 T A i I
PR S R O 2 RS, 2 BRiR
AR PR AT B S, T A8 B L PT S Al
oA FOSM 773 o6 SRR B 958 i o] S8 41k 407
24 (18) [ %0 0 K B e 4

BB - MMM HLAT A S i — B 535
Ty
II f pi ()l
P == @ (—3) (19)

Hep @ AT A SRS, SRR (14) 1
WHLEEA P =1 - Fy.

B 0 3 BB U R A TR B s 0, AT
5 82 7 37— PR L B O £ A PR
TR WU R A TR, T RS B A9 T
R Py,

LUF feisis s (18) o P fy B K. fEA ST
e e 5 S A R TR, AN, W)
A R B R i R R AL A R
n A EAAE R 0y BB R, n, ABEHLAS R,
ngtne =n 55 1,2, g P AR i A AR AR it
Bl ng AR fi(e) = 16 = 1,2, ) 5 5
Npg1s Mgy o0 AHEAE U BEHLAERE, BD n, 4
BHHL AR ) o) = 1 = nggn, gz, oo ,n). WEE
AL T F 0 F LR

ny
= /... () (@ )drydzg - -
F[ f[ilz]l,uxjrfxdxdx cl:x:n]

i=r 41

(20)
HF e, e, -0 o, HIE I, FEHA
T'I-lf T
F= [Hfm{xi)(lm][ 11 [fj{xj)dxj] =
i=1 j:'r|.IIf+I
Ty
I1 / ratesaz, 1)
Hite, ATHETRL (18) P R ECh
ny
Hf.“i{xi)dxi
K= *:If =1 {22)

B e AT I T A5 0. SR E R R A
AR R E I (17) A9EERET, SO A A
TR A A S 3 i A Jo ] N o O e AL W8 T 491 2
.

2.2 FERTREME
2.2.1 Py ffbit3 2L

2% BAPGE R EERS, R SARRBTELR
R A S ANt (15) PR, 5 2.1 W+, &
T ng PAERIAERF n, RIS R A 25444 R,
e e L 5 S B e R TR R, S (15) B



36 4 7

s i 004 £ H 36

A
iy n
Fr= [ [T T fitw)
r= [ [T 11 s
pp(m)deyde; - - dey, (23)
222 HRETHR o SRAERMEXTE g0,

T,y ) FIAAERE
L (23) PAREER m SEATR =60 = 1,
2,--on) ZAMKEA m = gley,x2,---,2,) , M
FRI A A ny PHEUR 2B R A S
AL B R A F 0 T RS 2, By
AP L A e FR O T me R, A
it m Hry,m, - m ZAEEMEECCRE, HiX
P i ) o A 5 e gk % (SRR B 1 24 S R 5
S, s e e L 2T ) A B L AT R
R T e S AR B L A B . e
TS AR p, e, e BOARRFEETD
m = gley, e, -, xn) FRAEERE L, FTELRT m iy
T EEEEEE fo(m) , WL (23) BPaSs Adn
T
Py = / S (m)pag(m)dm (24)

L iy, AR A EE R 4 e (A4
il kg HA4.

Yom = gley, e, x,) AR AELE AN,
AT P ] e AR 20 B ) S O M R S i ORI B A B
HLAE Bt i R R ECR TG fu(m) , S EATEL
B R ol A ) ik Rk (24) ME. FH om =
(e, 2, -+ -y FETEEE R B i T g Hr e &,
U] il 7 ] BT, T A0 B e e o o T 3 0 o —
IR R, A EEREL (24) M, HTRAE
AE A AL R R R R T B R, A R
N RN B L T A ALY ] 1 i g L T
AT ey g 7 ] 9 — B

3 8 f

SO [4] 0 [6] BIRBARTTE, S T
AU R A B R, HAH B4 5 %k
BCRAUBIE RS 10 F 1907 SUISURIBE L B A i 51
25K, SR [4] fERRELK AT 3L T USSR A B
14T WL, T SCRR (6] WI7ERREKIX I A T4
200 B A 2 47 OB, LR SR B
S [4] F1 (6] 2 HBACA I (Br4 method 1) 5
SR [6](BR24 method 2) , SCRR [4](FkH method 3)

PP H 73, R 5 A0 08 i FSE I BT L P A
[ & AT IS, PriRal ST 1~ E 5
{0 TSN i 1 SRR R O IERR, K &
TR B E 514 o W oy, BELE S 24 IEAR, HE
TEANERHEZE 415004 e o

B a) ST o, = 0.5, e = 80, g, = 100 B,
3 BRI SR SCRTRABI R AR R AR Py BN B
AR RATHE RS o, (L bR, 13 1) W& p, = 110
Mt . ME L WTRUE B, AR o, method 2
HHELH Y Pr AT method 1 Fmethod 3 &5 5, B
o, B, method 2 ) Py 5 method 1, method 3
) P RSN IR A oy BRI R TG 3 RO
FATSL ) Py A, EARRCE 3 BT R A
ATHLAHE.

0084 —— method 1
0.07+ —— method 2 f'a
—e— methd 3 b
0,06 ) W
005 . &
o 0.0 - &
0,007 /
0012 - A
0.01- A~
1,000 - o
—0.01

(a) oy = 0.5, s = 80, i = 100

(.08 7
0016 4 — method é 3
ool m""m:ﬂ'm3 /
0,012 1’[
WDE

2 p.o0s- ;'-‘"ﬁ
e s5’s
00 I
LRI ’)/"P
00004 aw—e—"

002

El G 8 10 12 14
T

() o, = 0.5, gty = 80,41, = 110

1 P_rﬁﬂa'f'{tmﬁ
Fig.1 Effect of o, on Py

B 2(a) ST op =5, p = 80, pp = 100 B},
3 BRI S SCH B HL AR R Py Bl R IBH
PR BHARHESS o, 92E(L 2R, 15 2(b) W pu, = 110
M. M E 2 ATLUE B S 1 R Rp R, A



B R - B BIL O R b i 5 — BT 537

W5
0081 o method | Ve
—s— method 2 P
o064 o method 3 ST A
/.-E’ 4
o 004 y e
.
-~ .-"/_ .f.
0,02 - o
o
R
000 me—EE
4 B 8 10 12 14
s
(a) 7e = i, jra = 80, e = 100
00204 ——— method 1
—s— method 2 a
s method 3 A
0,015 -
& ¥
& 0.010 Vs
0,005 1 .
0000  e—o —o—a==tT
4 4] & 10 12 14

g
(b) op = 500, pta = 80, e = 110

B 2 P_r Bl e BE(EH R
Fig2 Effect of ms on Py

HA[LLE W, A FHIER o, , ASCFRTTE (method
1) Fy&5RAE 3 BTk R ke R er .

B3 EMT o, =4, iy = 80, i = 100 B, 3 P
TRt SR I SCETH BT SO AR Py BT ALY
RS o, PR, ME 3 RlEH, X
o BB (e < 5), 3 BOR P Y ST i 2T Bl E RS

101 " A" “ - -
& '.?.—_ T 7
LT .
[
G '1"-'
- oy
& g —— method 1
4 H —o— method 2
2 —— method 3
S
lF
L]
D -
—.0o1 ool 03 0,005 0,007
Fy

Bl 3 Py B o BB (r. = 4, pe = 80, = 100)
Fig.d Effect of . on Py (e, = 4,00, = 8,0, = 100)

it, EEH o B, 3 FOFEMENMA, A
method 2 5 method 1 F&E 58 method 3 5
method 1 #8528,

P48y T e = 80, pp = 100 B, method 2,
method 3 5 method 1 350 1 SCHTH B L2 2R
FP MHARE c fE o = 10f o, = 16 BB o 1)
(bl ME 4 WTLUEE, RNTIRE 0. #E
i &, H method 3 5 method 1 ) HIRTHRZEER
[ % F 8 method 2 5 method 1 T RE 0,
oy R (FERBH o, = 16 PR T, 0. < 8§),
method 3 5 method 1 FIARTREAT 0 £33 8
JiiE method 1 85 80 5.

B 5T pe =80, i = 100 B, method 2,

0.7 method 2 {2, =10}
0.6 - I
. _.--" method 2 {7, =16
Bl W ey o=
.., \ﬂoi e e
0.4 = '_'I' :J_.ﬂ"-’
u " o8 method 3 {7 ,=110])
0.3 ..-" t_"ﬁ e
PR
0.2+ . 0
i = " e
0.1 " o o “ “".'.. anned®
[ L method 3 [ m.=16)
0.0 - ﬁbﬁ;i-*"'“
i 5 L] 15 )y
i,

B4 o, BRI methad 2, method 3 5 method | #]aHR8

& Moy AR EER (e = B0,y = 100)
FigAd &joe curves at different oy with e = 80, j = 100,
where £ I8 the relative ermor of method 2 or

method 35 to method 1

0.5
. —o— method 2 [mr=00.5)
LR I —d— methed 3 {o.=0.5}
0.7 “a . —d— method 2 [or=3)
a6 . —m— method 3(7r=5)
L] "
o054 ha
u .‘-. " -
0.4 s e
%, | .
0.3 N .
L] H“-"i-_
024 S s
111 1 e
T ——n — A= —
o4 A —~1ﬂ—'{——.l—q—'.l—'\..|:3—'1:!
T T T T T T T T T
4 G & 10 12 14 16
L

Bl 5 e BURRE M method 2, method 3 5 method 1 @800
WA e Moo, B (= 80,0, = 100)

Fig.h /o eurves of method 2 and method 3 at different o,

with pa = 80, g, = 1000



38 4 7

=

i 004 £ H 36

method 3 5 method 1 34800 SCHU B SN
F P M#ATRE £ 0, = 0.5 0 o, = 5 BB o,
mEfb 2. M 5 wTLUE i 5 8 4 Rl Esie,
HHi o, 8§, HATRIEED.

4 %

ASCEENET () B R AR AR AR L
T, AT R SE— AR, EHTIRETE A TR T R
HOR RV TS | g 540 R R R
G HRE T F, 75 SO B L
PR SR AR A T AT e, S
YR 20 05 f) S P AT R - A e, S ARG T R
TESE OB pL e B F e, (1 B 5 A0S A ) S
TSR E, TRURH LT SN B P SRR
fia] L 4 DA T B BT ML S B RO 0 A ol L. SR R
FEW]: TE AR T I, AR R A
2 R I ) BT 20 B e T R Y AR A AN B 1L ]
SRk o S g, SR AT LS FH T A B HIL T R )
T 7 ¥ R 2 0 e P2 i 2 SR )RR T SR
WABI AL A AR A H S, BT SOy — I R RR I
TSmO T, MOCHR S TR Y, A SO R
H 1 s AR R L A B ey T e e, AR S
fH ) SUASTASA BT AL S S80S HL " B | AR 12 )
2R A BT SRR T BRST, B AR S
T RN, AR g B R B S e A
BEATLNE 7 A e ZE RO, 7 i i ) R
i,

5 % X W
D kr, BRALYS. A6 AT Hrh o A bR e B O

2

o

LM s e, 2000, 25(2): 18T~18Lin Changhong, Chen
Clin, et al. Response surface method in fuzzy parameters
uneler the entropy. J of Mechandeal Strength, 2000, 25(2):
18T~ 189 (in Chiness))

AT, BALS. AT B AT 0044 AR R L T
FE. HURE B AL 2003, 22(3): 444~446 (Lin Changhong,
Chen Qiu, et al. Analysis of structural general reliability
af the loading and strength based on information entropse
Mech aicnl Seience and Thohnology, 2000, 22(3): 444~446
(in Chinese])

W, Bl W, RS, R S A Ty S s e R
SrfT R AR PR, 2002, 2003 316~3200 Dong
Yige, Chen Xinghao, Cho Hyun-deog, o al. An applica-
tion of fuzey reliability theory in the reliability analysis of
mechanism movernent. J of Applied Seiences, 2002, 2003):
F6~320 (in Chinesa))

MR, B0 T, Bl W HLAE SRR ol bk O RL WS, WA
e, 2000, 15(1): T~12 (Dong Yuge, Fhu Wenyn, Chen
Kinghao. Study on a calonlating method of machine fuzzy
reliability. J of Systemns Fnginesring, 2000, 15(1): T~12{in
Chiness) )

Wioller B, Graf W, Beer M. Safety assessment of structures
in view of Puzzy randomness. Corngrebers & Strictre, 20085,
BL(5): 156T~1582

Jiang Qimi, Chen Chun-Heien. A numerical algorithm
of fuzgy reliability.  Heliobility Fnginesring and System
Sl fiedyy, 2000, 8(3): 29-~307

Db, AT N o 0 LRy P L e R T SR
BB, PURE A, 2000, 22(1): 3640 (Huang Hongzhong,.
Fuzy reliability analysis of generalized static strength of
mechanical structure based on fuzay failure criverion. J of
Mechanical Strength, 2000, 2Z2(1): 36~40(in Chinese))
Melchers RE, Ahammed W, Middlecon C. FORM for dis-
continuous and truncated probability density  funetions.
Stvwctiemed Sufety, 2000, 25: 305513



W5 oM B B AF - SO L ET SRR b S — B 539

UNIFIED RELIABILITY MODEL FOR FUZZINESS AND RANDOMNESS OF
THE BASIC VARIABLES AND STATE VARIABLES IN STRUCTURE Y

Lii Zhenzhou®  Yue Zhufengt
“(Schoal of Aviation, Northwestern Plogtechrioal Undversify, Xi'an TIOOT2, China)
T Bchoal of Mechanics and C¥vil Construction, Nerthwestern Ploytech niod Dndversity, Xitan 710072, (hina
o

Abstract Based on the randomness and fussiness of the basic variables and state variables aunified reliability
model s presented for the fuzzy random structure. In the unified rdiability model, a factor is introduced to
formulate the safe measure for the fuzey random structure as the same one for the random structure. After the
membership function of the fuzzy variable is replaced by the egquivalent probability density function from the
mathanatical transition in the unified reliability model, the conventional reliability methods for random strue-
ture can be extended for the fuzey random strocture directly. Due to the unchangeable possbility distribution
of the fuzzy variable in the equivalet mathematic transition, the failure probability can be caleulated precisely
for the fuzey random structure. And the unified reliability model for random fuzey structure can be extended
to the structure with mmltiple variables from strength-stress two sariables. Comparison in the illustrations
shows that the presented method is more suitable for enginesring application than the exdisted methods in the

rofrmmces.

Key words  randomness, furziness, membership function, reliability, unified moded
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