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ABSTRACT 
 
There are all kinds of uncertain variables in the engineering structure analysis. The
uncertain parameters of structures are expressed by rough variables easily. According to
the non-probabilistic structural reliability analysis method, rough k-means, optimal model
and interval analysis, a new methodology for structural reliability computation is
presented. It fully considers the influence of uncertain variables. Examples of practical
application are given. 
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INTRODUCTION 
 
 The structure reliability index indicates the capability for a structure to complete the defined functions within the 
regulated time and conditions and the corresponding probability is called as the reliability according to the definition of 
uniform standard of structure reliability index [1]. The regulated time indicates the designed use period, namely the time in 
which a structure or a component can work as expected without overhaul. The regulated conditions include “three normally”, 
namely normal design, normal construction and normal use of defined functions, or called as safety, application and 
durability.  

The traditional measurement computing method based on probability theory and mathematic statistics as the 
mathematical foundation is called as the probability reliability computing method [2], which is also called as reliability 
computing method. The frequent structure reliability computing methods include first-order second moment method, high-
order moment method, optimization method, response surface method, Monte Carlo method and random finite element 
method.  

Different engineering structures include many uncertain factors, e.g. structure physical property, geometric parameters 
and bearing load (e.g. wind load, wave load and seismic load). People can not know the value due to restricted conditions, so 
the influences caused by uncertain factors become more and more severe. The traditional uncertain information processing 
methods include fuzzy set theory, evidence theory and probability statistics theory.  

Some references [3] show that the probability reliability computing method is very sensitive to the probability model 
parameter. A small error in probability data can lead to a big error in structure reliability computing, so the probability 
reliability theory faces huge challenge. This paper computes the structure reliability index by using the rough set theory, 
simulates structure uncertainty by using the rough set theory, describes the uncertainty parameters as rough variants, and 
measures reliability by using the maximum uncertainty permitted by the structure, so the obtained structure reliability indexes 
are accurate in variant representation and computing results.  
 

BASIC THEORY ON ROUGH SET 
 
 The rough set theory [4] deals with inaccuracy, uncertain and incomplete data, can effectively analyze inaccurate, 
inconsistent, imperfect and incomplete information, and is a powerful tool for data reasoning. The rough set theory was first 
proposed by Pawlak, a Poland scientist, in 1982. The rough set includes the following strengths: only depend on the original 
data without any external information and prior information, e.g. probability distribution in statistics and membership in 
fuzzy set theory, so the description or processing of the problem uncertainty is relatively objective. Although other 
mathematical methods to deal with the inaccuracy and fuzzy problems will also compute the approximate values, e.g. fuzzy 
set and evidence theory, the rough set computes the approximate values by using the mathematic equation. The fuzzy set 
theory gets the approximate results by using the statistics method. The rough set method can be used to analyze the mass 
attribute and quantity attribute and reduce the redundant attributes. The reduction algorithm is simple. The decision rule set 
deduced by the rough set model gives the minimal knowledge representation, does not correct inconsistence, and divides the 
generated inconsistency rules into the certain rules and probable rules. The rough set can deduce results easy to understand, 
can find the anomaly in the data, eliminate the noise disturbance in knowledge discovery, facilitate parallel execution, and 
improve discovery efficiency. Compared to the fuzzy set method or neural network method, this rough set method can get the 
decision rules and reasoning process which is easy to prove and explain.  

Definition 1 [5]: given that one knowledge representation system is  
UxUXAPfVAUS ∈⊆⊆= ,,),,,,( , 

 down approximation, up approximation, negative interval, boundary interval and approximation precision of the set 
X on I are expressed as follows:  
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Based on the definition of the rough fuzzy set [6], for the fuzzy set FX , we can get: 
U }1)(:{)( =∈= xUxFXapr FXP

μ  (6) 

U }0)(:{)( >∈= xUxFXapr FXP μ  (7) 
 Based on the definition of fuzzy set [7], we can get:  
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)()(sup FXaprFXp P=  (9) 
Based on the definition of the rough membership function and precision-variable rough set model [8], for the random 

variant SX , we can get:  

U })(:{)( βμ ≥∈= xUxSXapr SXP
 (10) 

U }1)(:{)( βμ −>∈= xUxSXapr SXP
 (11) 

 When the structure reliability is analyzed, the membership function of fuzzy variants and probability of random variants 
need not be considered. Different uncertain variants are represented as uniform rough set variant, so it can facilitate 
computing.  
 

STRUCTURE RELIABILITY ANALYSIS BASED ON ROUGH SET 
 
 Given that 

 T
nXXXX ),,,( 21 L= ( iX =[ ia , ib ], ni∈ ) indicates n rough variants affecting structure functions and X  is the geometric 

size of the structure, physical dynamics parameter of material, and force on structure, we can call the random function 
 ),,,()( 21 nXXXgXgG L==  (12) 

As the function of the structure (or invalidity function), G is also a rough variant after computing and its mean and deviation 

is cG  and rG , make  
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0=G  is the invalid surface of the structure and divides the rough domain U into the invalid rough domain and safe 
rough domain, namely 0>G  and 0<G . Based on the interval reliability analysis model [9], 1>Z  indicates that the 
structure is under stable state, 1−≤Z  indicates that the structure is under invalid state, 11 ≤<− Z  indicates that the 
structure is under reliability state or invalid state, namely uncertain state. From the strict meaning, it belongs to invalid state. 
 
Double rough variant function  
 Function 
 021 =−= XXG  (14) 

 1X  and 2X  are the structure strength and stress rough variant. Based on the above analysis on rough variants, the 
rough variant is a constant and does not affect the structure reliability. The up rough variant is an interval. The mean and 
deviation of the rough variant is:  
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Multiple rough variant function  
 Function  
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iX 1  and iX 2  are the rough variants independent of structure, we can get:  
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Non-linear function of rough variants  
 For the general non-linear function, make: 
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 iδ  is the standard up rough variant of the rough variant iX . From the optimization model computed by the 
structure reliability index [10], we know that the structure is more remote from the invalidity domain and is under reliable state 
when Z  is bigger. The rough variants are divided into different clusters via repeated iteration according to the rough k-
means clustering algorithm [11] in minimum finding till the structure reliability index is obtained.  
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kiCi =,  indicates k  clusters in the rough variant set X  and the cluster center is iZ . 
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The rough k- means clustering algorithm is used to compute the structure reliability index via the following steps:  
1) n  rough variants of the structure compose the data set X . The decision attribute set and conditional attribute set are 

identified according to X  and the attributes are reduced to construct the decision table.  
2) Take the mean of K data samples from the data set X  as the initial cluster center. 
3) Compute distance from data in the data set to K cluster centers and compute the square sum.  
4) Check if Z  reaches the minimum. if Z  does not reach the minimum, repeat the step 2)  

and 3).  
 

EXAMPLE ANALYSIS 
 
 Example 1: linear function SRRG 1.021 −+= , the decision information table 1 of the rough variants is described 
as follows:  
 

TABLE 1: Attribute set decision information table of function 
 

U  1R  2R  S  
a  0.5 0.015 0.127 
b  0.265 0.017 0.136 
c  0.375 0.0162 0.180 
M  M  M  M  

 
 ]5.0[1 ∈R , ]505.0,275.0[1 ∈R , ]016.0[2 ∈R , ]018.0,015.0[2 ∈R , ]1.0[∈S  and ]182.0,126.0[∈S  are independent rough 

variants. After computing, the schematic 2 is shown as follows:  

]433.1,1[
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1.01.0016.05.0

=
×++

×−+
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Figure 1: Rough variant and reliability index value schematic 
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 Example 2: Considering that a non-linear limit state function 25.0567 HRSG −= , ]627.0[∈R , ]672.0,582.0[∈R , 

]18.2[∈S , ]289.2,071.2[∈S , ]8.32[∈H  and ]44.34,16.31[∈H  are independent rough variants:  
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 To substitute in the condition equation, shown as the figure 2, we can get: 
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 We can get:  
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Figure 2: Structure reliability index of rough variant 
 

CONCLUSIONS 
 
 A complicated structure includes many uncertain factors. How to accurately analyze the structure reliability by using 
a method is the key in engineering computing. The rough set theory can be used to analyze the fuzzy and random uncertainty 
factor, compute the value interval of the reliability index by using the up and down approximation set relation, and analyze 
the reliability index. The features of this method are described as follows: it is not necessary to distinguish if the parameters 
are fuzzy or random and identify the membership function of the related fuzzy variants or distribution function of random 
variants. The reasonable variant values can be obtained via the objective rough analysis. This method is different from the 
non-probabilistic interval reliability analysis method and does not compute the interval standardization of uncertain 
parameters. The objective rough analysis results are directly used for reliability analysis. 
 

ACKNOWLEDGMENTS 
 
  Funded by Youth Science and Technology Fund of Xi’an University of Architecture and Technology 
“Research on computing method of non-probabilistic reliability index of engineering structure (No:QN1432)”. 
 

REFERENCES 
 
[1] International Standard of PRC. Uniform standard for building structure reliability design (GB50068-2001). Beijing: 

Chinese Building Industry Press. 
[2] Yao,B.B., &Sun,J.(2012).Response surface and importance sampling method-based tunnel lining structure Time-

dependent reliability research. Journal of Tongji University (Natural science),40(10):1474-1479. 
[3] Ellishakoff I.(1995).Essay on uncertainties in elastic and viscoelastic struetures: from A M Freudenthal’s criticisms to 

modern convex modeling. Computers & Structures,56(6):871-895. 



14508  Research on the structure non-probabilistic reliability model based on rough set theory BTAIJ, 10(23) 2014 

[4] Chen,X.H.,&Zhu,S.J.(2002) Generalized rough set model and its uncertainty measure. Journal of Tsinghua University 
(Nature science),42(1):128-131. 

[5] Pawlak,Z．(1991).Rough sets:theoretical aspects of reasoning about data. Dordrecht：Kluwer Academic Publishers. 
[6] Jian,L.R.(2008).Hybrid rough set method for uncertain decision and its application. Beijing :Science Press. 
[7] Zimmermann,H.-J.(2010).Fuzzy set theory. Wiley Interdisciplinary Reviews: Computational Statistics, 3(2),317-332. 
[8] Wang,Z.H.,&Shu,L.(2011).On generalization of several rough set models.Computer Engineering and Applications, 

47(36):68-72. 
[9] Guo,S.X.,&LV,Z.Z.(2001).A non-probabilistic model of structural reliability based on interval analysis. Chinese 

Journal of Computational Mechanics,18(1): 56-60. 
[10] Li Y.,&Liu,X.F.(2012).About the optimization method of structural reliability and implementation of MATLAB 

language. Journal of Wuhan Polytechnic University, 31(1):83-86. 
[11] Hu,Y.,&Miao,D.Q.(2007).A biclustering algorithm based on rough k-means. Computer Science,34(11):174-177. 

 


