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BT HIR. E AN AgarwalZE AR A AE H B
WL T Z R iR R T SEELA T, Moure-
latosF1Zhou'"!, SrivastavaZi \HR W T TEHE FL 4
] FEPE AL B )5 (evidence-based design optimi-
zation, EBDO), Jfiz H T &8 2 P R 25 8% 1t s
. Bae AUPUR AR L6 BALHL AL s B
FIANE I R, 3K 7 CHLHLE 6 7 AN e PR AL
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BEALEDE, FHERCEIRI T HT 2R S AR . Hu
FILuo* SR HHEHE B S HEAT AN E B4k, #E5T T LA
AIMEAT E R B A B AR BT B,

Rt R R, IR ERE 1 SR B H 52 BT
SRS v 1 R PR B AN FH T TR B g b, kA IE A 22
WAE ] RN A R WA T IR B ik,
ACKHIEEH R R A TBEE L, JFda it
Femg, TR e B AENE R T SR R LA T
TR B A AR Y rh 2 BB SR P T B A e ) I
M, PR T — R ud O B SR AR AR o A B AR
FRAR S BB SR P S BT E 2. e B M4
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m(A) RN IEAE X TCAR R A AT (5

TEFE R 1R R AN S I FE——( AT BE (Bel )RR
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min F(x",d) = Y p,L,A,T,
i=1

st. Pl{y(x,d) <0} <P,

I,=0orl,i=1,2,...,n,

d, <d<dy,
X; <X <Xy,
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A, [xxgl@ % SUEXHFUE X E, [dy,dg]2dfHUE
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75 A B AT A FEE 53 TG B K m

FEVCTH Y, — RAFAE 2 AN E &, I8 e 2 A
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C=x,%x,= {ck = [X 1 %2,] ¢ Xy, € XXy, € Xz}, (6)
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By 52 TR A ELARSL I, WO & fE e MmTE

m(c,) = m(x,,)m(x,,). (7)
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eI ITR . AL G R ROENF:
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BBAZC )5, AR HEAIE 4 FRAS A FEAHE &, 450 80 b
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Bel(F) = ZF m(c,), 9)
PIF)= D mlcy. (10)
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B R(10) AT L, 7ETHE 2R 2400 BE | FEP1(F) B 75 22
e BB FEIGese Bl onF£d. He, Ly, <O,
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Vein = Miny(X, d). (11)
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3.1.1  ERAETTARE T E B A BT

FERR A HERAEZECRY DX 1] _EF 5 FoRIRBRAR S
BR A e KA A R /ML, B

[V Y] = [miny(x, d), miny(x, )] (12)

> Tmax.

(1) #5 Y <0, WIERAFE IO FIHFRHEZE 48R V5 N K
ROAFN, DR T B 2 o0 B BBA#T T API(F),
T, BRESANEE I EAEWRAE 2 P 5t
FEHIBPI(F)=1, MR KPR A

(2) #5Ypin>0, WIFHRHELLC AR IE N 22 43k iy, Rl
I BA FE 08 B BBARIASTE API(F), TEIZFHE I
THERBIPIF)=0, LHRAGNKAEEL EITHRDN
IR AR

(3) # Va0 H.Y,00<0, HTE5H b s KA
BRI AT, AR R 8, Toikis i @b 7 i B
FEICBH . R, F5ESRRE RN A R TC Wy, TR
S Wt e, 5 PI(F) O BT R,
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G, AR I DERUE IR B, Ey(x,d) FIR /)
EE2FR, Ph—4E A0 e A &x, A6 BL L C B
PR AH.
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V' minfe 15/ F0, 5 <OCHI EI2HH A ST R), T 4 W7
A TGN T RO, i O AR /IME,
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Stepl JE I ik 2 i A S TR BB HHRAESE C 1
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Step2 38 3otk 3V A BV RTAS R ik M (L T AL
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A
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L ———
e e,
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Step3 MR c, HIFM, L (10)THEPIF).
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X, B, A/ 73 WIS 25 I8 AN B 1 Ak R A
24 WAER IR N EIRER A&, 258
BMIBR(RIT,=0)A, BRI Wbt 12T 1 1) 5e P A
BEUCNE=0, WIZAT 1 .o R B R (E 4/ D % B,
BEMIAEFE N 9% BRI 2 H0 BUMAE & H IE#
(W#0), 1ZALBEAME GE CRUEAM BRAT 1 9 5 7 (R AR
5E BT (BEIN0/W=0), BRI BR IS AT IAEAE, B
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T WL FE T S (T G0/0H 1R 1 0 1 H B,

FH AT DL, X R & IE S AR 1) T T AN RE AR R
A A AR R, 1T LI B LR IE N ) 20 5R R BE T
AT R B, RN T MR S A )
T R ECT o e O 53 AT A2 140 87 1 240 SR R B s L AL oy
W LSRR s v, TR 3 A T AE 2R 45 M 1 40
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A6 7008 T DR R B A s (1 A FH R SR
R AN B3k LK DR 45 ) S 191 B LR DA I 5 SR S B
FEDESEFIRLRE S, X AR RN TR TR &,
A AANFE S, W RDR A ANIIAT A, EETRIK.
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SINEA AT R RE F1 HIC AU s O AT R T
WAL, IZHEAMETT LLR T &AM e
(7 I A o s I 5 s S AT A, T EL3ES W] DA e 3225 18 R
RRURCAEE IR AT TIDE i i N PN S 54
DL

DESLIE A B AR I AR e, S8 VA Sk 7%
A AR ML PR A, REATFORE ) (0 A 1 5 58 R SE B
XA T ) SR A

(1) &Rt

BT AR R (R T AR LRI 422 &) I

AR b T LR — e SR i, %0 BT DA
xS=@g xS, .. x0) es, (14)

A, =1, 2,..., NP, NPAFFEREL, G=1,2,..., Max_it,
Max it HIEREEL

A 5 17 E b R e — AR 7 AN A 2 T 1)
REERIET T PEENTN, AWERZE ML
SERIRTY. ARSCATR AR R AR
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G+ _ (G G G G G
Vi = xRl - xO) T FGT =xE), (19)

A, xRN HEGHR AR REEAR A, FIFIFRR
R T, EIEAMERE 2R, RIEERAET
(20

(2) ZXadFE

N T FAEFEE 2 FENE, DESLVEEAS Sl 5
fih LRI NS AR, o b —ARB R — AR A S e
FuBR(16) AT 22 S #E, 7 AR IR0 ) a0

(G+1) _
i =

v D if randb(j) < CR or j =rnbr(i), (16)

ij

x,9, if randb(j) > CR and j # rnbr(i),

u

A, =1, 2,..., n; randbREHIThEE & = A2 0~1 2 [8] 1)
BENLEL, CRERNZESEZ, HT46A5s m & e R
ANARFN 2 B AL AR T R h K L 2R

(3) LFELFE

TE AR S R A8 XA 7= AR 1 AR AR (58 A 1
w) SRR Z (R BEAT 564+, PRI A I AR SO0 B
PREEFENT —ROVEA TR, 5 GH1AR B

G+ G+1 G
< (@D — u@h it £ <f(x(9),

’ D @) = x9).

faT & 2, B AR S X3 R 2 fRAIE
HrZREE R Z FENE, 2RI e 7758, SOUTERE R AF I E
BB, EEEURIZ3 TR B2 2 W€ F 1k
AEN, RVRTAS 040 40K ir) B2 B AL

746, N TR EDEHIN L), R T
Mt at: 1) * eI, S e e
I - MEL W ECR,  ORUEAA AN B AN O B A M=
KREASE, ZFESFEERIMIIE, IFHR SR
HFRBBARIAATR. 2) WTDEYILGBEHLAE L K
A XA St Ja A R R AN A M REAT R MR . 4 AN
AERSEVEER, MISEETMA, 8 S e Rt N e s A
B € S i, db T

(17)

3.3 ETbdn LS R AT SR S ML AR
LR, A5G AL RIS LU TR FT SRR

BT B, K T 2 THIESE B R A A Sk 40 41

B T77%. 534h, SINDEMUAL SR 0 Hatk 47 ek
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B, DA m s e A0 R R i R AR AR B
3P,

4 BEFH]
4.1 L JEEER A A] Sk oA

SNEGIE A SC TR 7 X $ v R AL SR B T B AR
(A R, o EAFTR R AT AT RV S T, %
S EAL, MO TE B b, e JREEERY
XONESMMIREE, MRS v, fMIRGEKEEAL A
HA it 2 52 [ far 2P, 5 FRAR AR L, SR 48R SFh LA K
TER PN A e AR, HATESHY TR
GRS K oiE9066.7 Ib/in’ i, AR K

B4 iR ERE

BB, WEhhe R Han=NA8) FI(19)Fiw:

7= \/(r')z +277"cosd + (z’)2 ,
g(l,h, P) =9066.7 — (I, h, P).

& 3

DEZHI6H,

v

BINETADIBH

v

ST

v

DJEMLIR
PI(F)<P,

REMLE

v

SLEN

v

KA PHRNE ZE IL A 4xdx4=641 = 45T )5 1R 42 e,
K FH AR ST VA0 0 5 122 (DEA AL $50925 B3 SRR AR ) 3

DEIR{F
PR IMER

<>

=]
s

MERILER

PN
[mm)

BT UEYE PR I AT FEE SR AMOAL B RAR

F 1 BERAESHBBARESR

[ (in) h (in) P (Ib)

X [i] BBA [X i) BBA [X i) BBA
[3, 4.5] 0.04 [0.1,0.15] 0.04 [5425500(;’ 0.07
[4.5, 6] 038 [0.15,02] 05 Eﬁiﬁ’ 0.43
[6, 7.5] 048 [0.2,025] 0.43 [66705%% 0.43
[7.5,9] 0.09 [0.25,03] 0.03 [7657050(; 0.07

R R ER AT AT SR 0. T RAUE TR
AR, MHEERATEAS R, HTRIEAR
SO R B S5 L I RCR RS L, X b4 R 51
T2

IR R Y, A SO VAR R AR 1 1k
AR, hECRRI64 R TTRRRN27, 4
57.8% M FE T AN 7 BEAT JE SEARAE 0 A, LA
SRS I e A b NNV E R = SIS WP S

R2ORBRI AR

TR ARSCTT i R
T RAT W AR M I £
Py 27 64
TR ek B B 2352 5760
THEITTE (s) 0.17 0.35
R FIRME 0.61 0.61

a) DEEZ$: NP=6, Max_it=15
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SrHAE: FE LR B B0 S5 A AR BER W] SRR A AL et

[I5760R PR N23520K. LA IR W J5 TR V1535 (1) %
i, AR S E R, M0.35 sPEIKZE0.17s. ML
PI(F) I EE AT A3, PR 5 V21 O SN 2R AU SR 5 45
SNO0.61. BT UL, AR SCRTHE 7 VELE CRAIE T 5345 SRS B 11 )
B, A RO R S L ROR.

4.2 {2 AP A FMEAL

&5 T 2 M1 OFF T T M7 2R 5 4 112 &I 4
H TR AR S RN AR RS, R
4 UAHE=107 psi, % Ep=0.1 1b/in’, HE S1BRAE[6]=
£25000 psi, 1 85y 77 FIFALEE BRAE N2 in. LA AT
A (i=1~10) )RR B, A E B EEES=1{1.62, 1.8,
2.38,2.62,..., 30.0, 33.5} in’, TR A & 5E SR AL, 3,
SHy 75 R As R, SRR R SO BT AR R 5 AR
B 5 BRI 2 6 R

SCHR[2STEAT 1 e Ve AR PN, AR SCTESCHR[25]
SEhh - REANH e, A R P R R AN
i T SRR BRG], RS 2 1%L
Paf5 B ARAAEHE NAMER, 4 R B RERMEEEE.
T, HE TR R X [0 ek DA X [ (S AT 2 o)
FAERNN, HIATAT Ao, Rk, 5 a8k
T & IBBA 7 ic an 6 7.

B TR A AR M A BT

360 in 360 in

@
P=100 kips

B 5 10FF-FMT L4544

80 90 100 110 1?0
P (kips) | } :

BBA 0.20 0.45 0.20 0.15

08 0.9 1.0 1.1
E (psi) } }

BBA 0.20 0.30 0.30 0.20

B 6 A AR AR B A AN 2 15 B
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ﬁnd d = [A19A2 LR 9/41()5Y15Y33 Y537—197—'2’~-' 9710]9

10
min F(d) =) pA,L,T,+IM,
i=1

st Pl{g,(x,d)<0} <P, i=12, (20)
g(x,d) = 25000 — max|o(x.d)| ,

g,(x,d) = 2.0 —max ‘ujy(x,d)| ,

x=[PE], T,=081, E‘=E[T,

X, dBFERT RIS R, FRoR HARR
K, EP4EMEE,; xFNPHEM R AHE M &,
g Mg, 73 MR B I RRLRE L R R B, o SRR
IS IME, w75 RGAEYTT 1) AR, FR AL
i, AW=0.01 in’, Z5HHHMFEBRRE = ET, X
FERUE R T AT R SR .

F v R AR AL ] T DE 2 415 B I NP=100,
Max_it=200, F=0.8, CR=0.85. T J&iF A ST k3L
REAALIR FETH SR TV Rk, 23 R A SCRT 7
AV R AT A BT N B AT SR L &t
B, OO RERT 550720 s, AR SCHTHR 5 )
PACKERT 27840 s, LAt SIS )2 A ST 4 77
16,7845, WA AT A B R A T TR
PR T REMEAG BT .

R, SR S VE IR RO R P =0.05 1
PO IWEFIELL. BT AR L R HIER, BI7I4
W T B AR TH I AL RS 2 SR RS AT BEFIAASR BE R i 4 A
(CPFHICBF) 2k, KEIH#EALbRg,(x,d)=04b %] B FJCPF
EIESR S R BUUIREE. TR DL H, 2R S ik
FiE—IXEME, MP~0.058, L0 KM N
[0, 0.03], 4P=0.15F, ZydiRamE= 10, 0.07], i
SR BRI SE L R A

RIFEIIS B 7 SCHR[25180 & TE R AL 4h
S B TARR IR AT SRR A S5 . S TE T Ee A, 7R
El6 AR AT TEIL T, X SCRR[25 e g SRt A7 mr
FEVEM AT, A PR A 4 R R RO 25 00,75, 2
W, REFEMIRIMUGERIMHT IS HE (2723 1b)
e /N TR YE FR G 45 B (40058114228.3 1b), {HEI&Z
EBDO W] SEEAR AL A R e 0. v AL, ik T UE s B R
PRA VT2 DA AT 28 B SR R UE 45 K 7E 254 15 R4
LN AT SR A B (T SR

MR 3 ALk 4 R4l e 4R 85 =,



HERSE: HARES: 2019 4 5B 49 % GH 3

1.0F

0.8}

06}

047

Bel(<g,(x,d)) or PI(g,(x,d))

021

0.03
0

g,(x.d)

(b)

Bel(g,(x,d)) or Pl(<g,(x,d))

0.07 |
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Approach of non-probabilistic reliability topology optimization using
evidence theory

SU Yu', TANG HeSheng’, XUE SongTao” & SU Jun'

' School of Civil Engineering, Architecture and Environment, Hubei University of Technology, Wuhan 430068, China;
* Research Institute of Structural Engineering and Disaster Reduction, Tongji University, Shanghai 200092, China

It is of great importance to consider uncertainty due to insufficient data or imprecise information in topology optimization design. In
this paper, evidence theory is presented to handle the imprecise data situation. The plausibility measure based on evidence theory is
introduced to overcome the difficulty of constructing the precise probabilistic constraint. Furthermore, the topology problem in this
evidence-based optimization design is solved by combined strategy of the differential evolution and superior topology technique. In
order to overcome the difficulty of intensive computational cost in calculating plausibility measure, an improved method of
evolutionary optimization design integrating with imprecise extremum idea is proposed. Two truss examples are given to demonstrate
the proposed approach. The research indicates that deterministic results may be the failure solutions under epistemic uncertainty.
Although evidence-based optimum topology designs are more conservative than deterministic results in aspects of weight and optimal
structural topology layout, it gains a more robust design under epistemic uncertainty.
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