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Abstract: The paper discusses non-probabilistic approaches for uncertainty treatment in structure reliability anal-

ysis． Based on rough set theory，the uncertain parameters of structures are expressed by rough variables，the

structure reliability index is computed by rough function and metric． This new methodology for structural reliabili-

ty is proved to be valid and efficient using theory analysis and examples of practical application．
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1 Introduction
A probability-based reliability assessment［1］ requires

precise probabilistic characteristics of the random in-

puts，such as the Advanced First-Order Second Mo-

ment ( AFOSM ) model， the Second-Order Second

Moment ( SOSM ) model， the High-Order Moment

model，Optimization Method，the Ｒesponse Surface

Method，Monte-Carlo Simulation and the Stochastic

Finite Element Method． Ｒeliability analysis begins by

identifying the sources of uncertainty-loads， failure

conditions，material or geometrical properties and so

on． These data，however，are sometimes practically

difficult to obtain，especially when only a limited

number of input samples are available or the uncer-

tainties are inherently non-probabilistic． Some at-

tempts have been made by both the engineering and

the applied mathematics community for tackling this

challenging problem．

However，as revealed by Z． P． Qiu［2］，unjustified

assumptions in constructing a probabilistic model for

input quantities may yield misleading results in the

probabilistic reliability analysis． This means that the

traditional probabilistic approaches may be questiona-

ble to deal with some problems involving incomplete

information or inherently non-probabilistic uncertain-

ties． Therefore，non-probabilistic uncertainty models，

such as the convex model and the fuzzy set，have

been considered as beneficial supplements to the tra-

ditional probabilistic model［3-4］． One important merit

of the convex model is that it can not solve scale fac-

tor，but also the extreme parameter combinations are

excluded． The fuzzy set needs membership function，

but it depends on factors created manually． Guo Shu-

xiang propose definitional procedure，transformational

procedure and procedure by optimization，but calcula-

tion of the workload is very large，Monotonic variable

is not easy to be determined; Boundary is often diffi-

cult to obtain; Affine arithmetic needs complicated

calculation．
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Ｒough set theory ( ＲST) ［5］ was developed by Pawlak

as a formal tool for representing and processing impre-

cise，uncertain and incomplete information in data-

base．

Ｒough set philosophy［5］ is based on the assumption

that，in contrast to the classical set theory，we have

some additional information ( knowledge，data) about

elements of a set． Elementary concepts can be com-

bined into compound concepts． Any union of elemen-

tary sets is called a crisp set，and other sets are re-

ferred to as rough ( vague，imprecise) ．

Taking the indiscernibility relation defined on real

number set as the basic starting point，the concepts of

lower rough ( discrete ) and upper rough ( discrete )

representations are defined in rough function model

which is based on rough set theory． A series of dis-

crete properties of the lower and upper representations

corresponding to real functions are discussed to inves-

tigate the relationship between real and discrete func-

tions，especially how does the discrimination of real

line influence basic properties of real functions，etc．

Ｒough function model has some overlaps with mathe-

matical such as nonstandard analysis［6］，finite analy-

sis［7］，infinitesimal analysis［8］ and so on． Moreover，

rough function model can be viewed as a generaliza-

tion of qualitative reasoning［9］，in other words，three-

valued qualitative derivatives are replaced by more

general concept of multi-valued qualitative deriva-

tions，so that more generalized concepts in various

levels can be described． Furthermore，on the basis of

fault allowed theory and rough sets theory， if the

rough functions of some real function is gained in ad-

vance，then the changing states of this real function

can be depicted by analyzing the properties of rough

functions．

The main advantage of rough set theory is that it does

not need any preliminary or additional information a-

bout data like probability in statistics，or basic proba-

bility assignment in Dumpster-Shafer theory and grade

of membership or the value of possibility in fuzzy set

theory．

In this paper we develop a rigorous quantitative non-

probabilistic measure of reliability，based on ＲST． It

can tolerate a large amount of uncertainty before fail-

ure occur．

2 Model of non-probabilistic structural
reliability
The uncertainty in the specification of these design-

base inputs is expressed with ＲST． The uncertainty

design-based inputs are denoted Xi，( i∈n) ． The ob-

jective function of the non-probabilistic reliability is

defined as

M = g( Xi ) = g( X1，X2，…Xn ) ( 1)

Where the vector Xi = { X1，X2，…Xn } is a collection

of basic structure-related interval variables，such as

Young' s modulus and the ultimate tensile strength．

The failure criterion of a structure is determined by

setting g( Xi ) = 0． Moreover，g( Xi ) ＞ 0 and g( Xi )

＜ 0 denote the safe region and the failure region for

analyzing the working condition of a structure respec-

tively． Therefore，the surface satisfying g( Xi ) = 0 is

usually called the failure surface and g( Xi ) is a con-

tinuous function of the interval variables Xi ． The

structure reliability index is denoted by β．

Doing this for each element of Xi generates a new set，

which is an expanded ( or contracted) version of ＲST．

apr( X) =∪ { x∈ U: μX = 1} ( 2)

apr( X) =∪ { x∈ U: μX ＞ 0} ( 3)

The interval model defines the variation range of a

structural parameter as an interval set bounded by its

lower and upper bound． Let X－ and X－ denote the
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lower bound and the upper bound of an uncertain pa-

rameter X，respectively．

Xi = ai + bi[ ]{ }2
( 4)

Xi = ［ai，bi］ ( 5)

Using the notation，all possible values of X can thus

be modeled by an interval set，which is expressed by

［X－ ，X－］． However，by using it，the result is ex-

pand，and the robust reliability criterion is not true

for multidimensional structures．

In this study，the new rough function model are de-

veloped to address the aforesaid concerns and they are

incorporated into ＲST to produce a more efficient

computational scheme for determination of the non-

probabilistic reliability of a structure．

The processes of expansion and translation can be

combined，as indicated in the following definition［5］．

Definition 2. 1． Let ［n］= { 0，1，2，…，n} be a finite

set of integers，Ｒ be the set of real numbers． If the

strictly monotonic function d: ［n］→Ｒ satisfies: i，

j∈［n］，i ＜ j，implies d( i) ＜ d( j) ，then d is referred

to as a scale．

Definition 2. 2． For di: ［ni］→Ｒ，i∈ { 0，1，…，n}

and e: ［m］→Ｒ are two scales，f: Ｒn1 × Ｒn2 ×… × Ｒnn

→Ｒm is a n-real function．

Include that:

f* ( i1，i2，i3，…，in) = e* ( f( xi1，xi2，…，xin) ) ( 6)

f* ( i1，i2，i3，…，in) = e* ( f( xi1，xi2，…，xin) ) ( 7)

( i1，i2，i3，…，in ) = Dτ ( xi1，xi2，…，xin ) ，τ = 1，2，…2n

D1( xi1，xi2，…，xin) =

( d1* ( xi1) ，d2* ( xi2) ，d3* ( xi3) ，…dn* ( xin) )

D2( xi1，xi2，…，xin) =

( d1* ( xi1) ，d*
2 ( xi2) ，d3* ( xi3) ，…dn* ( xin) )

D3( xi1，xi2，…，xin) =

( d1* ( xi1) ，d2* ( xi2) ，d*
3 ( xi3) ，…dn* ( xin) )

…

D2n( xi1，xi2，…，xin) =

( d*
1 ( xi1) ，d*

2 ( xi2) ，d*
3 ( xi3) ，…d*

n ( xin) )

f* = min{ e* ( f( Dτ ( xi1，xi2，…，xin ) ) ) } ( 8)

f* = max{ e* ( f( Dτ ( xi1，xi2，…，xin ) ) ) } ( 9)

Definition 2. 3． Forf: ［n］→［m］is a rough function，

if i，j∈［n］，while | i － j |≤1，have | f( i) － f( j) |

≤1，hence f is rough continuous function．

According to the definition of rough set model and the

generalized non-probabilistic reliability index［5］，we

can derive the relative reliability β as follows:

β =
g* ( X) + g* ( X)

g* ( X) － g* ( X)
=

e* ( g( Xi1，Xi2，…，Xin ) + e* ( g( Xi1，Xi2，…，Xin )

e (* g( Xi1，Xi2，…，Xin ) － e (* g( Xi1，Xi2，…，Xin )
=

min{ e* ( g( Dτ ( Xi1，Xi2，…，Xin ) ) ) } + max{ e* ( g( Dτ ( Xi1，Xi2，…，Xin ) ) ) }

max{ e* ( g( Dτ ( Xi1，Xi2，…，Xin ) ) ) } － min{ e* ( g( Dτ ( Xi1，Xi2，…，Xin ) ) ) }
( 10)

Obviously，the greater the non-probabilistic reliability

index ( beita) is，the greater extent of parameter vari-

ation the structure will allow for． Particularly，β = 1

means that the structure is critical for the reference

parameter uncertainties． For β ＞ 1，all the possible

values of the uncertainties lie within the safe region

and therefore the structure has a safety margin．

Though it might be argued that β = 1 is sufficient for a

reliability requirement if the chosen ellipsoids ( or in-

tervals) reflect well the actual variability of the struc-

ture，a greater value of β offers a specified safety mar-

gin，which is usually desirable in the practical engi-

neering．

3 Numerical examples
Example Consider a limit state function of structure in
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the following form: G = 543ＲS － 0. 3H2，inside varia-

bles Ｒ∈［0. 572，0. 668］，S∈［2. 073，2. 288］，H∈

［30. 54，31. 22］．

Normalizing each of the interval variables by substitu-

ting Ｒ－ ∈［0. 62］，Ｒ
－
∈［0. 572，0. 668 ］，S－ ∈

［2. 181］，S－∈［2. 073，2. 288］，H－∈［30. 88］，H－∈

［30. 54，31. 22］，G is a 3-real function，G = f( x，y，

z) = 543xy － 0. 3z2，

d1 ( i) = 0. 572 + 0. 048i

d2 ( i) = 2. 073 + 0. 108i

d3 ( i) = 30. 54 + 0. 34i

e( i) = 226. 09 + 20. 001i

xi = d1 ( i) ，yi = d2 ( i) ，zi = d3 ( i) ，wi = e( i)

In light of formula( 10 ) using the modified computa-

tional scheme explained above:

β = 1. 265

4 Conclusions
We proposed a new non-probabilistic model of relia-

bility analysis． The results show that the proposed

scheme is capable of reducing computational complex-

ity significantly and at the same time it can preserve

the calculation accuracy． This method is considered

as more reliable and efficient than the existing ones．
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