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Abstract. An application of concrete members of annular cross sections reinforced by steel bars uniformly distrib-
uted throughout their perimeters to building columns, bridge piers, carriers of overhead power transmission lines and 
their design methods are discussed. The modelling of resisting compressive forces and bending moments of eccentri-
cally loaded cross sections as particular members of tubular members and their statistical parameters are presented. 
The second order effects of columns, piers and poles caused by their structural deformations are analysed. The time-
dependent margins of particular members exposed to extreme loading situations due to floor and climate extraordi-
nary actions are considered. The instantaneous survival probability of particular members and its application features 
in probability-based design of columns, piers and poles are developed. The long-term survival probability and reli-
ability index design of particular and structural members are based on the unsophisticated method of transformed 
conditional probabilities. The analysis of revised reliability indices for structures subjected to fixed values of abnor-
mal extraordinary actions is based on Bayesian approach. 

Keywords:. columns, piers, poles, annular sections, combination of actions, second order effects, survival probabil-
ity, reliability index, Bayesian approach. 

1. Introduction 

The economically and structurally effective rein-
forced concrete members of annular cross sections may 
be treated as reliable building columns, bridge piers and 
carriers for overhead power transmission lines. Their 
safety and durability depend basicly on recurrent extreme 
loading situations that are likely to occur during the refer-
ence working life of buildings, bridges and transmission 
lines (Fig 1). 

The dangerous action effects of building columns may 
be caused by extreme wind or snow loads. The members of 
decks and piers of road bridges may be overloaded not only 
by traditional heavily-loaded trucks and special vehicles, but 
also by abnormal extraordinary traffic loads of heavy indus-
trial, construction, powerhouse and way equipments. 

The analysis of climatological, aerodynamic and me-
chanical data of the existing transmission lines has shown 
that approximately 70% of their failures are caused by se-
vere wind and ice storms (Gorokhov et al. 1997). These 
natural extraordinary events provoke sudden failures of not 
only deteriorated but also undamaged poles and portals. 

In spite of the short duration of extreme events, they 
belong to persistent design situations characterized by ran-
dom non-stationary safety margin processes. Therefore, any 

engineering possibility to ensure, assess and predict objec-
tively the reliability indices of eccentrically loaded members 
is hardly translated into construction reality using the tradi-
tional semi-probabilistic methods of partial factors designed 
(in Europe) or load and resistance factors design (in the 
USA). The reliability level of compression members de-
signed by these semi-probabilistic methods may be differ 
considerably (Diniz 2005; Jankovski and Atkočiūnas). Be-
sides, in some cases, semi-probabilistic approaches may lead 
engineers to groundless overestimations or understimations 
of structures exposed to extreme variable traffic and climate 
actions. 

Regardless of efforts to improve and modify semi-
probabilistic approaches, it is inconceivable to fix correct 
values of reliability indices of members and their sys-
tems. Therefore, it is more expedient to base the struc-
tural safety design of members of annular cross sections 
on probability-based approaches (Krishnasamy 1987; 
Ranganathan and Borude 2001). These approaches allow 
us quantitatively assess uncertainties of resistances and 
action effects. Besides, the time-dependent reliability 
index design may enable structural engineers to make 
easier and more accurate selections of optimal unambigu-
ous solutions. 
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Fig 1. Building columns (a), bridge pier shafts (b) and carrier poles (c) 
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Fig 2. Interaction diagram (a), elastic (b) and plastic (c) epures of stresses 

 

 

The estimation of time-dependent extreme actions 
and the prediction of long-term safety of load-carrying 
structures are connected with some methodological and 
mathematical difficulties. Since the fairly exact and sim-
ple probabilistic assessment or prediction of survival 
probabilities of structures is hardly available in design 
engineering practice, many approximate approaches are 
considered and developed all over the world. 

The time-dependent failure or survival probability of 
structures can be assessed and predicted by several di-
verse probability-based approaches and simplifications. 
Improved computational methods are based on the impor-
tance and conditional sampling procedures (Mori and 
Ellingwood 1993; Merkevičiūtė and Atkočiūnas 2006), 
direction simulation approaches (Ditlevsen 1997), vari-
able-complexity approaches (Burton and Hajela 2003) 
and equivalent extreme-value events (Li et al. 2007). 
These approaches help researchers reduce sophisticated 
computational procedures and develop the analysis of 
structural optimization issues. However, the above men-
tioned improvements of mathematical models are incon-
venient for structural designers and therefore not effec-
tive. These directions are hardly translated into everyday 
design reality. 

The object of this paper is to call the attention of en-
gineers and researchers to an application of reinforced 

concrete structures of annular cross sections and to pro-
pose for their analysis the unsophisticated reliability in-
dex design based on the method of transformed condi-
tional probabilities. 

2. Responses of particular members 

For buildings, towers and bridges, the structural 
members (columns, poles, pier shafts) of annular cross 
section reinforced by steel bars uniformly distributed 
throughout their perimeters are represented in design 
practice by their particular members (normal or oblique 
sections and connections). Robustness and structural 
safety requirements of design codes and standards should 
be satisfied for all particular members of structures. Mul-
ticriteria failure models and survival probabilities of 
structural members may be objectively assessed and pre-
dicted only knowing mechanical and statistical parame-
ters of their particular members. 

The responses of compression particular members of 
annular cross sections with bending moments may be 
based on a plane cross section hypothesis and bi-linear 
concrete stress-strain relation (Fig 2b) or on a plastic 
method of the analysis of bending members with concent-
rical forces (Fig 2c) (Kudzys and Kliukas 2008, 2009; 
Kudzys et al. 2010). 
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When the eccentricity ratio 1≤sre , according to 

the design model presented in Fig 2b, the internal resist-
ing compressive force and the resisting bending moment 
of this force about the centre point of annular cross sec-
tion are: 
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s
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 eNM RR =  (2) 

 
where the response factors of resistances of concrete and 
reinforcement components may be presented in the 
forms: 
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The compressive strength of concrete in reinforced 

members is: 
 

 ccccc ff 2αα=  (5) 

 
where its reduction factors due to effects of permanent 
compressive force PN  and concreting process are: 
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The coefficients of variation of random variables of 

Eq. (1) are: ( ) ,10703088.0 52 −

×−+= ckc ffδ  

;)08.0( 2/122
+= ccc ff δδ  ( ) ( )[ ]121502.1 rrrA sc −−=δ , 

where sr , 2r  and 1r  in m; 105.0=σ scδ ; 
2
cmsc AAAδ=ρδ . 

The statistics of resistance RN NR =  of members 

exposed to compression with bending moments may be 
presented in the forms: 
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The values presented in braces of Eq. (9) may be 
omitted if the approximation coefficient of variation 

16.0=ccfδ  is applied. 

The ultimate compressive stresses (MPa) in reinforcing 
bars of eccentrically loaded members may be expressed as: 

 

 ( ) 210436.152.4 ρ+=ε=σ scusc E   (10) 

  
where cs AA=ρ  is the reinforcement ratio. 

According to the design model demonstrated in Fig 
2, c, the resisting bending moment, RM , of particular 

members reinforced by prestressed steel bars may be 
calculated by the universal equation defined by (Vadlūga 
1979). It is presented in the form: 

 
 ( )×+= RsstsR NAfrM 2.1  
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where stf  and scf  are the strength in tension and com-

pression of steel bars; pσ  is their prestress. The mean 

values of the strengths of mild and nonpressed high-
strength reinforcements are: ymscmstm fff ==  and 

500=stmf  MPa, 600=scmf  MPa. Their coefficients of 

variation are: 

 ( ) ,15.010.0
2/1

2
2

1
2

−=+== ssscst ffff δδδδ  where the 

components 06.01 =sfδ  or 0.09 and 08.02 =sfδ  or 0.12 

define the statistical deviations and errors of right-angled 
epures of stresses. 

For design practice, Eq. (11) may be rewritten in the 
form:  
 132 TTTM R =           (12) 

where 
 ( ) spscstscc AffAfT σ−++=1           (13) 

 ( )Rssts NAfrT += 2.12  (14) 

 ( ) Rspscccc NAfAfT −σ−+=3  (15) 

For nonprestressed members, the stress 0=σ p . The 

statistics of resistance RM MR =  are of the forms: 

 mmmMm TTTR 132≈  (16) 

( )[ ] ( ++×−= cccmcccmmmmmM AffATTTTR 222222
1312

2
σσσ  
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−+ NTTTr mmms
22
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with the variances of variables as follows:  

( )22
ccmcccc fff ×= δσ , ( )22

cmcc AAA ×= δσ , 

 ( )22
scmssc fff ×= δσ , ( )22

stmsst fff ×= δσ ,  

iNN 22
σσ Σ=

Σ
. 
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3. Second order effects  

The first-order eccentricity of total compressive 
force 

Σ
N  of frame columns and poles or pier shafts re-

spectively are: 
 

 sho eNMe +=
ΣΣ0           (18) 

 sho ele +α= , 152r≥  and 20≥  mm  (19) 

 
where 

Σ0M  is the first order bending moment caused by 

total compressive force 
Σ

N ; l  is the length of members; 

=α 500 or 400 for their execution imperfections; she  is 

associated with shifts of bearings (EN 1992-1 2004).  
In design practice, the second order eccentricity 

caused by destroying compressive, longitudinal or lateral 
forces and structural deformations may be presented in 
the form: 

 
 Lo eee +η=           (20) 

 
where oe  is defined by Eqs. (18) or (19), 
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is the second order factor for definition of the bending 
moments resulting form a linear analysis of structures; 
 

 ( )EIlQe LL 33
=           (22) 

 
is the displacement of a member caused by longitudinal 
or lateral variable force LQ  (Fig 3). 

The buckling load of members, BN , is expressed in 

terms of its effective length ol  and flexural stiffness 

 
 ssccc IEIEKEI +=           (23) 

 

where ( ) 44
1

4
2 rrIc −π= ,  

( ) ( )[ ]121502.1 rrrAI scc −−=≈ δδ ; 

 
 ( )

Σ
∅+≈ OOPc MMK 125.0           (24) 

 
is the factor of concrete cracking and creep effects, where 
∅=1.2-2.0 is the basic value of concrete creep ratio; 

OPM  and 
ΣOM  are the first-order moments caused by 

permanent and total loads. Thus, the mean value and 
variance of buckling loads follow from: 
 

 ( ) 22
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where the statistical parameters are: 
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( ) ( )222 15.0 cmcmcc EEEE ≈×= δσ ;  

( )22
cmcc III ×= δσ ; ( ) ( )222 1.0 omomoo llll ≈×= δσ . 

 

The coefficient oc2π=β  used in Eq. (21) depends 

on distributions of bending moments ( =oc 8, 9.6 and 12 

for constant, parabolic and triangular distributions). For 
members without transverse loads, the coefficient 1=β  

is normally a reasonable simplification. Therefore, the 
mean value and variance of second order factor η  by Eq. 

(21) may be expressed as follows: 
 

 ( )Bmmm NN
Σ
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θ+ NN NBm
22
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where the statistics BmN  by Eq. (25) and BN2
σ  by (26); 

Nθ  represents the uncertainty of total compressive force 

Σ
N . 

The mean and variance of second order eccentrici-
ties by Eq. (20) may be expressed as: 

 
 Lmmomm eee −η=           (32) 

 Lomom eeee 222222
σσσσ ++= ηη  (33) 

 
Thus, the recommended equations give a possibility 

to calculate the statistics of second order eccentricities of 
compressive forces in the simple manner. 

4. Time-dependent safety margins  

According to full-probabilistic approaches, the per-
formance process of particular members as their random 
time-dependent safety margin function may be presented 
in the form:  

 
 [ ])(),()( ttgtZ θX=           (34) 

 
where )(tX  is the vector of time-dependent processes of 

the basic (physical) variables representing the uncertain-
ties in the material, action, geometrical and mechanical 
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models, and )(tθ  is the vector of processes of additional 

variables characterizing the models which give the values 
of resistance, R , and action effects, E , and may include 
the uncertainties of their probability distributions (JCSS 
2000). 

In the context of the analysis of particular members 
exposed to recurrent and coincident action effects, the 
time-dependent non-stationary process (34) may be recast 
more conveniently as follows: 

 
−θ−θ−θ−θ−θ= )()()()( tEtEtEERtZ SSQRQQGGR es

          

 )()( tEtE LLWW θ−θ−  (35) 

where R  is the response by (1) or (11); GE , 
sQE , 

eQE , 

SE , WE  and LE  are the action effects caused by perma-

nent ( G ), floor sustained ( sQ ) and extraordinary ( eQ ), 

snow ( S ), lateral wind (W ) and longitudinal (breaking 
or broken-conductors) ( LQ ) actions (Fig 4a). 

According to the test data (Vadlūga 1979), the 
means and standard deviations of additional variables Rθ  

of member resistances as forces or moments are: 
=θRNm 0.987 ≈ 0.99, ≈θRNσ 0.08 and 

=θRMm 1.016 ≈ 1.02, ≈θRMσ 0.08 for compression and 

flexural members, respectively. The statistical parameters 
of action effects may be defined as: ≈θim 1.0 and 

≈θiσ 0.10 (Rosowsky and Ellingwood 1992; Hong and 

Lind 1996; Vrowenvelder 2002). 
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Fig 3. Modeling of eccentricities for columns (a), pier shafts (b) and poles (c) 
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The annular extreme sum of sustained and extraor-
dinary action effects of columns )()( tEtEE

es QQQ +=  

may be modeled as a rectangular pulse renewal stationary 
process described by Type 1 (Gumbel) distribution of 
extreme values with the coefficient of variation 

=QEδ 0.58 and the mean QkmQm EEE 47.01 == , where 

kQkQQk es
EEE +=  is its characteristic value. 

It is proposed to model the stationary processes of 
annual extreme snow and wind action effects by Gumbel 
distribution (Ellingwood 1981; JCSS 2000). The mean 
values and coefficients of variation of action effects SE , 

WE  and LE  are: 

( )S
S

SkSm EEE δ98.01 β+= , =SEδ 0.3-0.7;  

( )W
W

WkWm EEE δ98.01 β+= , =WEδ 0.2-0.5 and  

( )L
L

LkLm EEE δ98.01 β+= , =LEδ 0.16 (Kudzys 2006), 

where 98.0β  is the 0.98 – fractile (quantile) of a 

standardized Gumbel distribution. 

The extreme loadings of structures of buildings and civil 
engineering works belong to persistent design situations in 
spite of short period of extreme events. The durations of in-
termittent extreme actions is considered as deterministic val-
ues. These durations are: =Qd  1-14 and 1-3 days for mer-

chant and other buildings, =Sd 14-28 days and =Wd 8-12 

hours, =Ld 1-2 days. The concurrence of extreme snow and 

wind action effects is physically inconceivable.  
The recurrence number of two concurrent extreme 

live and climate action affects 1E  and 2E  (Fig 4b), dur-

ing the working life of structures nt , may be calculated 

by the formula: 
 

 ( ) 212112 λλ+= ddtn n           (36) 

 
where the renewal rates of extreme events are =λ i 1/year 

for snow and wind actions on ice-free surfaces of struc-
tures and conductors; =λ i (0.05-0.5)/year for wind ac-

tion on ice-covered surfaces; =λ i (0.05-0.2)/year for 

extreme longitudinal forces (Kudzys 2006). Thus, the 
recurrence numbers of extreme action effects during the 
period =nt  50 years are: ≈QSn 2.5, =QWn 0.2-2.0, 

=LWn 0.01-0.07. 

According to Ellingwood (1981), ISO 2394 (1998) 
and Kudzys (2006), Gaussian distribution law is to be 
used for resistance of compression reinforced concrete 
members and their permanent action effects. Lognormal, 
gamma or Weibul and exponential distributions may be 
used for long-term live (sustained), SE , and short-term 

(extraordinary), SE , variable action effects (ISO 2394 

1988; JCSS 2000). The probability distribution of gravity 
and longitudinal variable live action effects of road 
bridges obeys a lognormal distribution (Kudzys and 
Kliukas 2008). When the coefficients of variation of load 

parameters are small (≤ 10%) or non-fatigue loadings are 
considered, for simplicity of probabilistic verifications, 
Gausian distribution law may be used for non-extreme 
variable actions and their effects (EN 1990:2002). 

5. Instantaneous survival probability 

The extreme action effects caused by live ( QE ), 

snow ( SE ), wind ( WE ) and longitudinal ( LE ) actions or 

extraordinary traffic loads may be treated as stationary 
random variables. Therefore for the sake of simplified but 
quite exact probabilistic analysis of eccentrically loaded 
members, it is expedient to present Eq. (35) in the form as 
follows: 
 
 kck ERZ −= , nk ...,,2,1=           (37) 

 
where k  is the considered cut of the stationary process 

kZ ; n  is the number of extreme events by Eq. (36); 

 
 GGRc ERR θ−θ=           (38) 

 
is the conventional resistance of a particular member the 
bivariate probability distribution of which may be mod-
elled by a Gaussian distribution; kE  is the conventional 

bivariate action effect the combination of which depends 
on types of structures and their loading situations. It may 
be treated as interrupted rectangular process. Thus, for 
building columns, bridge pier shafts and transmission line 
poles, this action effect may be defined, respectively, as: 
 

 WWQQcb EEE θ+θ=.  or SSQQcb EEE θ+θ=.  (39) 

 LLQQshp EEE θ+θ=.  (40) 

 SSWWp EEE θ+θ=  (41) 

 
The mean and variance of conventional action ef-

fects may be calculated by following equations: 
 

 jmjmimimm EEE θ+θ=           (42) 

 jjmjjmiimiim EEEEE θ+θ+θ+θ=
222222222

σσσσσ     (43) 

 
Analogically, the statistics of conventional resis-

tance by Eq. (38) may be expressed as: 
 

 GmGmmRmcm ERR θ−θ=           (44) 

 GGmGGmRmRmc EERRR θ+θ+θ+θ=
22222222

σσσσσ      (45) 

 
where the mean Nmm RR =  by Eq. (8) and variance 

NRR 22
σσ =  by Eq. (9) for members exposed to com-

pression with a bending moment; Mmm RR =  by Eq. (16) 

and MRR 22
σσ =  by Eq. (17) for members exposed to 

bending with a concentrical force. 
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The instantaneous survival probability of particular 
members of considered structures at time t , assuming 
that they were safe at time less than t , may be expressed 
as: 

 
 [ ] [ ]

[ ]
[ ] )()(0)()(

0),(
)( tdxtftZtS

tg
t θXPP

θX
θX∫=>=

>

     (46) 

 

The stationary conventional resistance, cR , by Eq. 

(38) and the extreme action effects, E , by Eqs. (39)–(41) 
may be treated as stochastically independent variables. 
Thus, the instantaneous survival probability of members 
may be represented by the single integral form: 
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where )(xf
cR  is the density function of their resistance, 
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E
σ
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is the cumulative distribution function for their single or 
coincident extreme action effects and  
 

 ( )[ ] 21ln5.0)ln(ln)( 22
mmE EEExxF σΦ ++−=      (49) 

 
for their joint variable traffic action effect 
 
 LLQQ EEE θ+θ=           (50) 

 
the probability distribution of which obeys lognormal 
law. 

When extreme loading events are provoked by two 
stochastically independent action effects 1E  and 2E  (Fig 

4b), a failure of structures may occur not only in the case 
of their coincidence but also when the value of one out of 
two effects is extreme. Therefore, three stochastically 
dependent safety margins of particular members should 
be considered as follows: 

 
 kck ERZ 11 −= , 1...,,2,1 nk =           (51) 

 kck ERZ 22 −= , 2...,,2,1 nk =           (52) 

 kkc EERZ 2112 −−= , 12...,,2,1 nk =        (53) 

 
where 12n is defined by Eq. (36). Therefore, from Eq. 

(47), three values of instantaneous survival probabilities 
)( 1kSP , )( 2kSP  and )( 12kSP  are considered. 

6. Long-term survival probability 

When the safety margin of a member depends on 
combinations of uninterrupted and independent action 
effects, its long-term survival probability in one survival 
mode is equal to: 

 

 ( ) ( ) )(0)( kknn SZtTS PPPP =>=≥=         (54) 

 
Thus, the long-term and instantaneous survival probabili-
ties of such particular members are identical.  

The stochastically dependent instantaneous survival 
probabilities of particular members exposed to inter-
rupted extreme action effects form series systems. It is 
impossible to avoid the complicated intersections of re-
current failure events characterized by system elements. 
However, these probabilities may be calculated by unso-
phisticated method of transformed conditional probabili-
ties (Kudzys and Lukoševičienė 2009, 2010). Since con-
sidered systems consist of equireliable and equicorrelated 
elements, the long-term survival probability of columns, 
shafts and poles may be expressed as: 
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where )( kSP  is defined by Eq. (47); x
klρ  is the correla-

tion factor of a system the bounded index of which is: 
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The coefficient of correlation of system element is: 
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where E2
σ  is defined by Eqs. (39)-(41); cR2

σ  – by Eq. 

(45). 
When three safety margins of particular members 

from Eqs. (51-53) are taken into account, the total sur-
vival probability of members may be presented in the 
form: 
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where the ranked survival probabilities 

)()()( 321 nnn SSS PPP >>  are defined by Eq. (55); 21ρ  

and ( )323121,3 5.0 ρ+ρ=ρ  are the coefficient and factor 

of correlation. 
A practical design of structures may be carried out 

using reliability index design approaches. The general-
ized reliability index of particular and structural members 
or their systems may be introduced as time-dependent 
value: 
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−
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where )(•Φ  is the cumulative distribution function of the 

standard normal distribution. 
The target standard reliability index, Tβ , of struc-

tures depends on their reliability classes but not on their 
destination. According to (EN 1990 2002; Ellingwood 
and Tekie 1999), for persistent design situations during a 
50 year reference period, the target value for building 
columns should be equal to 3.8 and 3.2, respectively. 

For bridge pier shafts, the index Tβ  may be selected 

equal to 4.0 (Szerszen et al. 2005). It is recommended to 
use the indices Tβ  equal to 2.9, 3.1 and 3.3 for tangent, 

angle of long-span and anchor or dead-end poles of over-
head transmission high-voltage lines, respectively 
(Kudzys 2006). 

The standard differentiation in the reliability of 
structures is based only on classes of failure conse-
quences. However, the methodology of sustainable dura-
bility predictions requires to take into account future 
repair and replacement abilities of structural members. 
Therefore, it is expedient to make more precise the abo-
ve-mentioned target values of reliability indexes and to 
relate with these abilities. 

7. Revised survival probability 

The members and their systems of existing build-
ings, bridges and power lines may be overloaded due to 
unfavourable over-increasing or abnormal service, traffic 
and climate actions. These overloadings of structures may 
provoke sudden and unexpected their failures. There are 
some limited attempts to transfer the approaches of semi-
probabilistic limit state design to the structural quality 
revision of overloaded structures. 

As it is known, extraordinary abnormal service and 
proof actions may lead to some reductions of uncertain-
ties of resistances RN NR =  by Eq. (1) and RM MR =  

by Eq. (11) and to correct instantaneous and long-term 
survival probabilities of members of existing structures. 
This correction can be carried put by methods based on 
the concepts of a truncated distribution and a Bayesian 
approach (Kudzys 2009). However, unfavourable action 
effects of particular members may be treated as an effec-
tive measure in the revised reliability prediction on exist-
ing structures when they are confirmed by quality statisti-
cal information data (Ellingwood 1996). Besides, the 
analysis of revised survival probabilities of structures by 
the truncated distribution and transformed Bayesian ap-
proaches leads approximately to the same results (Bulota 
and Kudzys 2010). 

According to Madsen (1987), the revised instantane-
ous failure probability of particular members can be ex-
pressed as: 

 
 ( ) ( )000)( >><= HHZF kkr PPP I       (60) 

 
where kZ  is the random safety margin by Eq. (34); 

0>H  is the event of inspection results showing a sec-

cessful opposition of a member to unforseen extreme 
action effect unfE . 

Two safety margins of particular members should be 
considered as: Z  by Eq. (34) and 

 
 0>−θ−θ−ωθ= unfQQGGR EEERH

SS
      (61) 

 
where RRR mk δ95.01 β−==ω  is the ratio of character-

istic and mean values of member resistances; 

kQunf e
EE 2.1≥ . The statistics of additional safety margin 

are: 
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The survival probability of short-termly overloaded 

members may be expressed as: 
 

 ( ) ( )HHH m σΦP ≈> 0       (64) 

 
The revised failure probability of particular mem-

bers by Eq. (60) may be transformed and rewritten in the 
form: 
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where the primary value of instantaneous survival prob-
ability )( kSP  of members is calculated by Eq. (47). 

Conclusions 

Eccentrically loaded structural members of annular 
cross sections are important load-carrying components of 
buildings, bridge piers and power transmission lines. 
Therefore, the structural safety of columns, pier shafts 
and poles should be assessed and predicted using up-to-
date concepts of objective and explicit probability-based 
approaches including the method of reliability index de-
sign. 

This method, better as the limit state design, help us 
use a strategy of time-dependent survival probability 
predictions and avoid both unexpected failures and un-
founded premature repairs and strengthenings of struc-
tures subjected to recurrent extreme loading situations. 
However, analogically to traditional standard approaches 
of design codes, the reliability index design needs in sim-
plifications of safety margin processes of particular 
members. 

The time-dependent survival probability of particu-
lar members and their systems may be computed by the 
unsophisticated method of transformed conditional prob-
abilities. Its approaches open quite a realistic way to im-
plant the concept of reliability index design in the struc-
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tural safety prediction of structures consisted of tubular or 
different type members. 

It is shown that two resistances of tubular members 
of annular cross sections as compression and flexural 
structures may be considered in the reliability index de-
sign. In both cases, the second order factors may be ex-
pressed in terms of their flexural stiffness. 

The revised values of survival or failure probabilities 
of members of overloaded existing structures may be 
defined by the transformed Bayesian approach. 
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