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Abstract：Using Monte—Carto simulation method，lhlotl【gh failure correlation analysis of sectional constraints under

medium and small earthquakes respectively，the failure correlation rules of sectional constraints of frame structure

ale obtained．and they are simplified into hypothesis which eaR be used in reliability evaluation of existing frame

structure Moreover，the use of correlation rule in system reliability analysis is illustrated by two examples．
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Introduction

System mliabilitv of structure is an important index in．

dieting the integral safety，so it is very appropriate that

system reliability is used to represent the integral bear—

ing capacity of frame structure．However，due to the

limit of research level，in current rehability appraisal

practice，the beating capacity of a member of the whole

structure is determined by the beating capacity of the

most vuInerable section in a worst member As a re-

suit，the appraisal result obtained in this way is usually

far away from the factual bearing capacity of a frame

structure．

The failure of a frame structure call be expressed a8 the

failure of a series system consisting of all failure modes

of the structure，and that is

es=P{o，}=Pf U q}． (1)

Herein，n，denoting the failure domain，8，J=l，

‘一，k denoting k failure modes

Whjle、the failure of a certain mode of frame structure

system can be expressed；is the failure of a parallel sys—

tern composed of all failure elements of this mode，and

it is as follows．

P{q}_川。nF·【(J=I～^) (2)

Herein，^J denoting that there are totally^i failure el—

ements in the ih failurP mode，and F。denoting the im

failure element in the J^failure mode．

However，there may be hundreds of tbousands failure

modes occurred in ODe factual high—-rise frame stroe·

ture．and山ere also exists complicated statistical corre．

1ation among all failure,modes．So it is very onerous

and difficult to caiculate the system reliability of frame

structure when directly using Eq．(1)and Eq(2)，

and it may be impossible at sometimes．The COilllnon

practice is to introduce some hypothesis to simplify the

computation of system reliability．

As to the existing frame structures，based 0n structulal

diagnose，survey and sectional check，the number of

key failure constraints may he limiled，with the COrlTe—

lation between sectional constraints being taken into

consideration，it is feasible to calculate the system reli—

ability of frame structure under a certain failure criteri一

0n¨J．

1 Failure Correlation between Sectional

Constraints
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I．1 Analysis method

The methods adopted by this paper include Monte—

DIF]O random simulation珊ethed and correlation eheck—

ing of series The fundamental theories of random anal-

ysis see reference【2j．

1．2 Analysis pm'Ⅻmeters

In this paper，random simulation tests are nmiuly done

on the RC frame structures legg thall 5 spans and 12

stories．In de!ail．tlle test modes call be chessified into

three categories．i．e．design symmetric regular frame

structure，approximate symmetric regIllar frame struc-

ture，and Iion—symmetric irregular frame structure．

W1lile each kind of frame structure is also classified in-

to two groups of stmeture of 6 and 12 stories respective·

ly。and their detailed paramelers can．be 8e,eu in Table

1 and Table 2．

TlIbk 1 The呻Hmmn of RC frame 0f 12 stories

Table 2 m坤日Ⅱ№0；rRChme of6自口d∞

Note：A is for design s舢tric structure；B is for approximate
symmetric sih-i1CtlL托：Cisfor soll—symmetric stmcture．

1．3 Correlation rules

1 3．1 Under minor earthquakes

As to the RC frame structure designed according to a—

seismatic specification，the correlation rules among sec—

fional constrains are very weak．1he riiore the vertical

loads taken into consideration．the weaker the failure

correlation is．According to a large araount of stochastic

simulation test，we reach a conclusion that under minor

earthquakes the failures of sectional eonslraInts of RC

frame structure Call be taken as independent．

1．3．2 Under medium earthquakes

(1)As to the design symmetrical or approximately

synmretrical frame structure，the failure of sectional

constraints of frame beams and colmrms of the same

type and at the symmetrical positions are fully eorrelat·

ed．

(2)Fbr non—design symmetrical frame structures，che

failures of sectional constraints of frame bealns of the

sanle type and of the symmetrical positions are fully

correlated．while山e fatlures of sectional constratnts of

frame columns of the same type and of the symmetrical

positions are approximately independent

2 Basic Hypothesis and Calculation Method

2．1 Basic hypothesis

In order to simplify the calculation of system reliabilit)7，

based on the obtained fatlure correlation rules of sec．

tional constraints and available earlhquake hazaId refe’

ences【4．the following hypothesis a”presenled．

(1)There are only two states of sectional constrainls

takell into consideration，and they are“reliable”de—

noted by“1”and“failed”denoted by“0”：

(2)When a minor earthquake lower than Teference lev—

eI o∞ul-，alj the sectionat constraints of frame structure

are assumed as failure independent．

(3)When hit by a medium earthquake，the failure of

all sectional constraints of frame eolmrms is assumed as

fully correlated．while the failure of sectional con—

sttaints of frame beams is reckoned∞independent．

2．2 Simplified method of system reliability

2．2．1 Under minor earthquake

According 10 the stipulation of“No Damage under Mi—

nor Earthquake’’in‘‘Aseismic Design Code of Building

Stmcture”(GBJ 11—89)，t}le failure of any sectional

constraint of frame structure under minor earthquake

call be thought∞the fatlure of frame structure itself

That is to say，any failed sectional constmInt call be

regarded as a failure lnode．So．the failure probability

of a frame structure under minor earthquake can be

wriRen as：
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巧=l—TT(1一吩)． (3)
i=】

Herein．R representing the failure pmbability of each

sectional constraint．

Once the failed sectional constraints of frame structure

and their failure pmhabihty are obtained thmu出Stl31C—

tural diagnose and analysis，the failure probability of

the whole system call be got according to Eq．(3)．

2．2．2 Under medium earthquake

Throu幽the analysis of referertce[3]，under medium

earthquakes，all the sectional constraints of structure

are UOt fully correlated，so some states in the expres—

stun of struetural failure domain may not OCCUY．In this

case．fully correlated eonstraInts in stractural fallure

domain should be dealt with according to the hypothesis

2001年

of“Weakest Constraint”，and then the integral failure

pmbability can be obtained，see reference[3』．

3 Examples[3】

3．1 Under minor earthquakes

Example 1：A six—story RC frame designed according

to the aseismatic code is shown in Fig 1 After sere'leg

several years under ordinary atmospheric environment，

throu曲slructural inspection and sectional check，the

probable fatlure constraints is found and numbered，

and their places ale shown in Fig．1．Their failure

probabilities are listed i11 Table 3．PIea,se detennine the

system reliability of the structure under minor earth—

quakes

Table 3 Failure proh脚of constralms of the structure shown in飚．1

24．00

8 9 10

●

6 7

l一 2 3 4

l!：!|!：!+!：!j

啦-1 Sectional consWaints 0f exmnple 1

When the hypothesis of‘‘failure independence”is

adopted under s1111月11 earthquakes，the llllinkr of failed

sectional constraints of the structure is equal Io the

number of the minimum‰lure set．So the structure in

Fig．1 has 10 minimum failure sets，and they ale

j0，}，j02f，{03l，}04}，{05l，}06l，{屿}，108}，{09}，

{0lo}The failure probability of structural system with

parameters shown in Table 3 will be

10

P，=1一Ⅱ(1一吩)=o．01786．
‘=I

To check the accuracy of above result，Monte—Carlo

simulation illethed(2000 times)was used to obtain the

failure probability of the Sal'ne frame structure，and the

failure pmbabjlily 1s 0 018 The elTOr of the two me．th—

odsisles5than 5％．

3．2 Under medium earthquakes

Example 2：A one—bay two—story RC frame designed

according to the aseismatie code is shown in Fig．2．

—#———三生——斗
rig，2 sectional eom'traints of example 2

After serving several years，thmugh sti'tletural inspec·

tion and sectional check under medium earthquake，the

reliability parameters of sectional constraints of the

structure are obtained and listed in Table 4．PIesse de．

termine the system reliability of the structure under

medium earthquake

Table 4 Failure prolmbility of constraints of the structure shown in ng．2

万方数据万方数据



第3期 李广慧等基于相关性的在役框架结构体系可靠性分析 47

(1)0n the basis of hypothesis above，there are six

pairs of constraints correlated，and they are 1 and 2，3

and 4，5 and 6，7 and 8，9 and 10，儿and 12．Mak．

iJ】g u∞of the“Weakest Constrain!”hypothesis，we

can get the representing constraint of each controlling

constraint．they are shown in Fig．2．too．

(2)Under the medium earthquake．“Mechanical硒l—
L1171j”criterion is often used to judge whether a RC

frame structure is faxled or not．So the fame showll in

Fig 2 has 6 failure modE*8∞below：

{0，n03I，{07n 09}，{07n0。}，10。n05n07I，10ln

魄n‰}，{03n 05n09}．

111e如lure domain of the structtlre is written∞

ns={01n03I U{07n％}Ul 07n0-t}U{0-n 05n

07}U IolNOsn09I U{03n05n09}．

(3)According to the“non～crossing”method[“，tlle

complete expression of the hilure domain of the struc—

ture can be changed into

Ds=0103+1i130709+1113190701l+131911101啦07+

l 3171llOlOs09+1117lll030509．

Because the representing constraints are independent

each other．we van replace the fallure states(0)of the

representing constraints by their failure probabilities，

and the reliable state(”by their reliable probability．

The failure pmbabifity of structural system with param-

eters shown in Table 2 can be obtained as below

P，=4．862×10一．

The failure probability by Monte—Carlo simulation

method(10000 times)of the目alne frame structure sys．

tem is found to be 0．0005239．and the elTor of tIle two

methods is 7．75％．So．the above calculation resuh

(．舢basically meet the demands of application in pnteti-

cal ell面neering．

ThrouIsh the analysis above．so【ne significant conclu·

sions and suggestions can be obtained．

(1)Referring to the seismic hazard data【4]and the

analysis of this paper，we suggest that different failure

correlation hypothesis should be adopted respectively

considering the failure correlation of the sectional COIl·

straints under the medium and minor earthquakes；

(2)Making use of the failure correlation of the section—

al constraints wiU decrease the number of structural

failure conslraint and faihre mode taken into considera．

!ion，and transform two ki．ds of correlation，namely

the eorlthtion of failure mode and the correhfion of

failure eonstmints，into one kind of correlation by“non

—crossing”technique；

(3)For existing flame structures，the failure pmbabili·

tv of the structural system carl be obtained by the

method p”p08ed above，because the number of con·

trolling failed sectiOilal constraints is limited 0171 the ba．

sis of actual diagnose and sectional check
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基于相关性的在役框架结构体系可靠性分析

李广慧1，刘晨宇2，傅 方1，王东炜1

(1．郑州大学土木工程学院，河南郑州450002；2．郑州大学建筑学院，河南郏州450002)

擅要：利用Monte～Carlo随机模拟方法，分割通过小震和中震下的失效相是性分析，得出了框巢蛄构

截面效应约束的失效相关性规律，井特其简化为便于可靠性分析的假设．通过算饲给出了相关性规律在

框颦姑构体系可靠性分析的应用．

美薯词：在筏蛄构；框架结构；体系可靠性
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