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m([X]) = (x+X)/ 2 rad([x]) = (x- x)/2
[=[xX [y]=ly.y] DLIITI(R) I(R)
[+l =[x+ y,x+y]  [d-[YI=[x- y.x- Y]
[X]>{y] =[min(xy, Xy, Xy, xy), max(xy, xy,xy,xy)] [XI/[y]=[xX{1/y, 1/y] 0T [y]
[x].[yL[2]T 1(R)
[x] +([y] +[2]) = ((x] +[y]) +[2] [x]: ([y1:02]) = ([4:[ YD) :[2]
[x]:([y] +[2]) * [X]:0y] +[X]:[2]
[x]-[x]* 0
xey [XE[Y]  x<y [X<[y] [di[y] yEXExEfy
[X]:([yl+[2D) 1 ((¥:0yD) + (K[ 2])
o= | o bl X
f[max(x, y), min(x, y)]
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3.1
M=R- S=9(x)
[M]=[M,M]=g([x) =[R]- [S] = g([x]. [%,].-.[x,])
xT I(R) i=12-,n
[M]=g(x])>0  [R]>[9]
[M]=9([¥) <0 [R]<[9] [M]=g([x) >0 [M]=g([x])<O0
[]
m([x]) rad ([X]) m([x]) /rad ([ x])
[7]
h =m([M])/rad([M]) = m(g([x]))/ rad(g([x])) 1
[M]=g(x])>0 h>1 [M]=g(x])<0 h<-1
[M]=g(x])>0 [M]=g([x])<O [RIC[S]* F
-1<h <1 h=1 M=0 h=-1 M=0
h>1
h<1
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ST [S]=[S, S| RI [RI=[RR]

r=P(r><|rl Rsl S)
321 [R]C[S]=F
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1 [R]>[S]  S<S<R<R
r=P(R>S|RI [R,ST [S])=1 m(M])>rad((M])>0 h>1
2 [R]<[S] R<R<S<S
r =P(R>S|RI [R],ST[S])=0 - m([M])>rad(M])>0 h<-1
322 [R]C[S]t F
1 [RIC[SI=[9]
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r =P(R>S|RI [R],SI [S)) ===+ R 0<r<1 -1<h<1
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(=L RS RS gor <1 s1<h<a
2'S-S R-R
4  S<R<S<R

r=1- L, 8" RS- R gcr<1 -1<h<1
2 R-R S-S

R>S=R r=05 m(M])=0 h=0

[RIC[S]=[RI=[S] S

4
F(X) = (X + %) /(% - 1)

T [6]=[25] %1 [x]=[-11] F(IXD) = (1] + (%D /(%] - D =
([2,5]+[-1,1) /([25] - 1) =[1,6]/[1,4] =[1/ 4,6] FO)=1+(x, +D /(% - 1)

f([X) =1+ ([x,] +D /([x,]- D =1+[0,2]/[1, 4] =1+[0,2] =[1,3]

1
2
9(x) =3 x" +ax™" +-+a, 903 ={-[(@yx+a)]x+-+a, }x+a,
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[MI=IM,M]=[R] - [S]= 9(IX]) = 9(Dx], X1, [%,])
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i [4456]kN p,I [L7,23 kN 1,7 [1.8 22m b ]
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I,T [455.5]m D @ @3 p
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A SN

@© (M Py My
Mo m, 1 [32, 40]kN?m (2) " =b " h
S 2 Sq S4 S bl [0.18,0.22] m
hi [0.280.32]m s, T [1112] 10°Pa (3) b h
fg£fy= 5 10°m
D [M]=[R]-[9] [R]=[m,]=[3240] kN?m [S]=[p][,]+
+{p,1[l,]1=[15.57, 24.97] [M]=[R]- [S]=[7.03, 24.43] kN?m =[15.73; 8.7] kN?m >0
h=m(M])/ rad([M])=15.73/8.7=1.808
@) [M]=[R]-[S] [RI=[s ] =[11,12] " 10°Pa [S]=[s ] =
(0L +[p 01,1/ (CbI[N]? /6) =[4.147, 10616]MPa [M]=[R]- [S] =[0.384,
7.853]M Pa=[4.1185;3.7345]|MPa>0 h=m(M])/rad([M]) =
4.1185/3.7345=1.1028
(©) [MI=[RI- [S]=f, -[fg]2 0 [fg]=@p]lL]%0,]- [Pl +
2p, 10,1 ((EIITNZ /2 [EI® (P20 ,]- [pod0,1% + 2 p,]I1,1%) /(4 [ol[h] %/ 2)
@ R0 - [RdlL]? + 2 p,]1,1%) /

(f, [bl[h]?/2) =[8.4628, 32.6790] GPa BJ"—’I c
E 3 32.679GPa P P4

2 2 AB BC CD DA

Al [0.44,0.46] = 10*m? AC BD '

A, | [046048  10°m’ | =0.1m
S =200MPa S =-150Mpa A C :;?—

P - 2 6 7

(@4
SBC =- P(Az +2\/§A1)/(4'\/§'A& +4A2) SCD = SAD = SBC SAB = SBC +P
SBD:"/E(SBC"'P) SAc:"/ESBC h=1 M =0
2 [M.]=[R]-[S] [M,]=[R]-[S)]

m:min(Rl—Sl):s_— max@s)=0 M,=min(R; - S;)=-s + min(s)=0
1
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P N
BC [-22349.75, 16762.31]
AB [-10839.79, 14453.04]
BD [-10730.35, 8047.76]
AC [-12306.92, 16409.22]
1 P [-10730.35, 8047.75]

-10730.35< P< 8047.75
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Interval method for structural reliability
anaysis
Wang Denggang, LiJe

Department of Building Engineering, Tongji University, Shanghai, 200092,China
Abstract The imprecision or uncertainty present in many engineering problem can be modeled
using probabilistic, fuzzy, or interval methods. By representing the uncertain structural parameters
as interva numbers, a new measure and anaysis methodology for structural reliability
computation is put forward in this paper, which is based on the theories of interval mathematics.
The priori probability density function or subjective function of the structural parameters is not
needed in this methodology. So it is more suitable than probabilistic and fuzzy approach when
there is no sufficient experimental data to obtain these functions. Overestimation is a major
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drawback in interval computations. In order to overcome this drawback, the structura functiona
function was calculated by using of two optimization problems to obtain its' lower and upper
bounds respectively. Moreover, an intellective algorithm named as real-code genetic algorithm
was introduced to locate the global optima of the two optimization problems. Examples show that
the presented method is feasible and efficient.

Key words structura reliability; interval analysis; interval mathematics; genetic algorithms;
non-probabilistic
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