
Reliability analysis of a reinforced concrete
column designed according to the Eurocodes

Autor(en): Holický, Milan / Vrouwenvelder, Ton

Objekttyp: Article

Zeitschrift: IABSE reports = Rapports AIPC = IVBH Berichte

Band (Jahr): 74 (1996)

Persistenter Link: https://doi.org/10.5169/seals-56076

PDF erstellt am: 12.07.2024

Nutzungsbedingungen
Die ETH-Bibliothek ist Anbieterin der digitalisierten Zeitschriften. Sie besitzt keine Urheberrechte an
den Inhalten der Zeitschriften. Die Rechte liegen in der Regel bei den Herausgebern.
Die auf der Plattform e-periodica veröffentlichten Dokumente stehen für nicht-kommerzielle Zwecke in
Lehre und Forschung sowie für die private Nutzung frei zur Verfügung. Einzelne Dateien oder
Ausdrucke aus diesem Angebot können zusammen mit diesen Nutzungsbedingungen und den
korrekten Herkunftsbezeichnungen weitergegeben werden.
Das Veröffentlichen von Bildern in Print- und Online-Publikationen ist nur mit vorheriger Genehmigung
der Rechteinhaber erlaubt. Die systematische Speicherung von Teilen des elektronischen Angebots
auf anderen Servern bedarf ebenfalls des schriftlichen Einverständnisses der Rechteinhaber.

Haftungsausschluss
Alle Angaben erfolgen ohne Gewähr für Vollständigkeit oder Richtigkeit. Es wird keine Haftung
übernommen für Schäden durch die Verwendung von Informationen aus diesem Online-Angebot oder
durch das Fehlen von Informationen. Dies gilt auch für Inhalte Dritter, die über dieses Angebot
zugänglich sind.

Ein Dienst der ETH-Bibliothek
ETH Zürich, Rämistrasse 101, 8092 Zürich, Schweiz, www.library.ethz.ch

http://www.e-periodica.ch

https://doi.org/10.5169/seals-56076


251

Reliability analysis of a reinforced concrete column designed according to
the Eurocodes

Milan HOLICKY
Senior Research Follow

CTU Prague
CZECH REPUBLIC

Ton VROUWENVELDER
Professor

TU Delft, TNO Rijswijk
THE NETHERLANDS

Milan Holicky, born 1943, got his
civil engineering and doctor

degree at the CTU in Prague,
doctor degree also at the

University of Waterloo, Canada.
Since 1965 he is working at the
Klokner Institute of CTU. He is
active in the field of structural
serviceability and application of
mathematical statistics in design
and analysis of structures.

Ton Vrouwenvelder, bom 1947,

got his civil engineering degree at
TU Delft where he is now a

professor of structural mechanics
He is also working at TNO-Bouw
Rijswijk. His professional
interests cover theory of
structures, stability, fatigue,
structural reliability and European
standardisation of buildings and
civil engineering works.

Summary

Reliability analysis of a built in reinforced concrete column designed according to Eurocodes
1 and 2 is a part of an extended research activity on Eurocode Random Variable Models
supervised by JCSS. Presented results indicate that the reliability level of reinforced concrete
columns designed according to the present generation Eurocodes may considerably vary
depending on actual arrangement of the structure. To harmonise reliability levels provided by
the Eurocodes for various structural members further research and calibration is required.

1. Introduction

Reliability analysis of reinforced concrete columns is part of an extensive research activity on
Eurocode Random Variable Models supervised by the Joint Committee for Structural Safety
JCSS [1]. The whole project covers reliability analysis of different structural members of a

model multi-storey frame structure made of concrete or steel. The JCSS aims at providing a
standardised set of statistical models for loads and structural properties which would reflect
the present state of knowledge. Where necessary, the models should be adjusted in the future.
It is expected that these models will be used as a practical design tool in conjunction with a

probabilistic design criterion.

In a probabilistic design procedure a decision theoretical approach seems to be the most
natural. However, as the models are only partly based on the experimental data, the calculated
failure probabilities should not be identified directly with actual failure frequencies. That is

why reliability criteria are usually defined through calibration to existing practice. In such a

calibration procedure a set of structural elements are designed according to current design
practice. For each of these elements the failure probability or reliability index is calculated,
using the set of standardised statistical models. The resulting reliability indices may be then
used as target reliability for the subsequent probabilistic design procedure. In such a way a

combination of mechanical models, statistical models and corresponding target reliability
which renders on the average the same design as current practice procedures may be derived.

This contribution presents preliminary results of reliability analysis of a built in reinforced
concrete column designed according to newly developing Eurocode 1 [2, 3 and 4] and
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Eurocode 2 [5]. The reliability analysis has been carried out using software product
COMREL [6] developed by RCP München. It is expected that submitted investigation will
contribute to desired calibration and possible future improvement of present generation of
Eurocodes.

2. Structural characteristics

A model multi-storey structure considered in the this study is schematically shown in Fig. 1. It
is assumed that each plenary frame in the transversal direction of the structure may be
considered as unbraced sway frame. These transversal sway frames consist of four columns at
a constant distance in the longitudinal direction of the structure they are located within a

constant distance a2 (see Fig. 1). The columns are considered as fully clamped in booth ends,

at the top and at the bottom.

In the following reliability analysis of the edge column of an internal transversal frame having
the height L and rectangular cross section b x h is considered. The cross section dimensions

are chosen in such a way that the height h is two times (in one study case three times) the
width b, thus Wb 2 or 3. Considering different structural arrangements the total of 12 study
cases indicated in Table 1 are analysed.

Fig. 1. Transversalframe ofa multi-storey structure.
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Study Number of Height of the Transversal Longitudinal Cross section

case storeys above analysed distance of distance of dimensions:
the column column columns columns width x height

n ITml a i [ml a2rml b x h [mxml
1 10 6 5 5 0,35 x 0,70
2 10 3 5 5 0,25 x 0,50
3 10 9 5 5 0,35 x 0,70
4 10 12 5 5 0,45 x 0,90
5 10 6 4 5 0,35 x 0,70
6 10 6 7 5 0,35 x 0,70
7 10 6 5 4 0,30 x 0,60
8 10 6 5 7 0,40 x 0,80
9 1 6 5 5 0,25 x 0,50

10 3 6 5 5 0,25 x 0,50
11 20 6 5 5 0,40 x 0,80
12 10 6 5 5 0,25 x 0,75

Table 1. Study cases ofa built m column.

Further it is assumed that the story height above the considered column is h, 3 m,

permanent load is determined assuming reinforced concrete floor of a uniform equivalent
thickness of 0.30 m (representing weight due to slab, columns, beams, floor and cladding).

3. Effect of actions

Effects of actions considered in the analysis ofbuilt in column consist of the axial force and

bending moment, denoted again by M and M with appropriate subscripts. In the design
calculation, the axial force and bending moment are represented by the design values Mi and

Mi respectively. The maximum design axial force Mdjnax is given as

Nijtax Yg JY\v.k + YQ rriaX {Mimpk + t//() MWUK1* Mwmd* (^oMmpj; } (1)

where yg - 1,35 is the partial factor for permanent actions, Yq 1,50 is the partial factor for
the variable actions, y/<> is the factor for combination value, My* is the characteristic value of
the axial force due to self weight, M^* is the characteristic value due to imposed load and

M,!* is the characteristic value due to wind action (positive values are accepted for
compressive forces) The minimum design axial force Mdjnin is given as

Mdjnin — YG My* " YQ ^wind* (2)

where yg 1,00 is the partial factor for favourable permanent actions, Yq 1,50 is the partial
factor for the variable actions.

Taking into account arrangement of the structure indicated in Fig. 1 the characteristic value
due to selfweight ofn floors and one roof is given as

My* (n +l)ai a2t pc 12 (3)

where pc is the weight of concrete per unit volume considered as 0,024 MN/m3. Nmp* is the
characteristic value of imposed load from n floors given as
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-Yimpjc Tt (X\ CI2 Pimp / 2 (4)

Choosing a category B (Public Building) the characteristic value of floor imposed load /Jbnpk

equals 3 kN/m2. For n > 1 the load reduction according to Eurocode 1 [3] should be included.
TVwuku is the wind resulting from a pressure CpGpwMk on a vertical area equal to (L + nh,) a2

; multiplication by the height (I + nh,)/2 gives the overturning moment. This moment is
assumed to be balanced by the normal forces in the two outer columns, so:

jVwind, k 112)(L + nh, f a2 Cp Gp^ * / (3 <3,) 0.271 (L + nh, fa2t ax (5)

where the characteristic value of the wind action is taken for the return period of 50 years as

/»wind* 0.5 kN/m2; further for the gust (exposure) factor the value G 2.5 and for the shape
factor the value Cp 0.8 + 0.5 1.3 is chosen [4],

The design value Mi of the bending moment M is given as

Mi Mio + Ni(e, + e2) Ni(eo + e, + e2) (6)

where Mm is the first order bending moment, e0 Mm / Ni is the first order eccentricity, e, is
the additional eccentricity taking into account geometric imperfections and e2 is the second
order eccentricity taking into account deformations of the column.

It is assumed that the first order moment Mm is caused only by wind action, which is

transmitted in each frame section of the width a2 (see Fig. 1) equally by the four columns fully
clamped in and, therefore, the maximum first order bending moment Mm due to wind load
about the centroid of a column cross section is determined from the formula

Mm L[yq Cp Gpwmd,k (L+nh,) a2]/8 0,305 L(L + nh,) a2 (7)

where L denotes the column height.

The eccentricities e, and e2 are determined in accordance with Chapter 2 and 4 ofEurocode 2

[5], The additional eccentricity e, is given as e, va /0/2, where k denotes the effective length
of the column considered here by the lowest recommended value 1,12 L for the case of a

column of a sway frame), va inclination from the vertical given by the minimum value 1/200
which is valid for all structures higher than 4 m when the second order effects are taken into
account. Thus

e, 1,12 L /(2 x 200) 0,0028 L (8)

The second order eccentricity e2 is dependent on the characteristics of the column cross
section and should be generally determined by an iteration process. In accordance with
equation (4.69) in [5] the second order eccentricity is given as

e2=0,\Kil02(\/r) (9)

where the coefficient Kx depends on the slenderness ratio X k / i (i being radius of gyration)
and is given by equations (4.70) and (4.71) in Eurocode 2 [5]. As in the all study cases here A

> 35 the value Kx 1 is considered. The curvature 1/r is given by equation (4.72) in [5] as

Mr 2K2£yi / (0,9 (h-dx)) (10)

where the coefficient K2 is defined by equation (4.73) in [5] as follows

K2 (/Vud - Ni) / (Nm- AWd) <1 (H)
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where is the design capacity of the cross section, Nd is the design axial force and is
the force which maximises the ultimate moment of the cross section; in this study for
symmetrical reinforcement A^d 0,5 afd Ac, where a is a coefficient taking account of long
term effects on the compressive strength.

The remaining variables entering equation (10), the design yield strength Sy<s =fyi/ E, and the
effective depth of cross section h - d\, are specified bellow (see also Fig. 2). Table 2 and 3

shows the resulting values of the effects ofactions for all 12 study cases considered here.

Study A/djnax Mio eo L e, /4,xl04 AJbh e2 Mi
case [MN] [MNm] [m] [m] [m] [m2] [%] rmi [MNm]

1 2,162 0,329 0,1522 6 0,0168 28,7 1,17 0,0245 0,418

2 2,078 0,151 0,0726 3 0,0084 22,1 1,23 0,0047 0,178
3 2,054 0,535 0,2373 9 0,0252 34,1 1,07 0,0591 0,725

4 2,353 0,768 0,3263 12 0,0336 38,2 0,94 0,1062 1,098

5 1,967 0,329 0,1673 6 0,0168 24,6 1,00 0,0265 0,415

6 2,736 0,329 0,1201 6 0,0168 41,4 1,69 0,0200 0,431

7 1,729 0,263 0,1523 6 0,0168 31,9 1,77 0,0285 0,343

8 3,028 0,461 0 1522 6 0,0168 37,4 1,17 0,0196 0,572

9 0,340 0,082 0,2422 6 0,0168 4,6 0,37 0,0485 0,105

10 0,702 0,137 0,1954 6 0,0168 10,9 0,87 0,0485 0,183
11 4,895 0,603 0,1232 6 0,0168 90,7 2,83 0,0141 0,755
12 2,162 0,329 0,1522 6 0,0168 37,5 2,00 0,0191 0,407

Table 2. Effects ofactionsfor the maximum axialforce Nijaa.

Study A^djnax Mdo e0 L e, J4sX104 AJbh e2 Mi
case [kN] [MNm] [ml [m] [m] [m2] [%] [m] [MNm]

1 0,464 0,329 0,7100 6 0,0168 17,9 0,73 0,0346 0,353

2 0,548 0,151 0,2755 3 0,0084 4,0 0,22 0,0101 0,161
3 0,372 0,535 1,4374 9 0,0252 31,4 0,98 0,0682 0,589
4 0,273 0,768 2,8125 12 0,0336 44,2 1,09 0,1078 0,806
5 0,134 0,329 2,4649 6 0,0168 24,0 0,98 0,0346 0,336
6 1,001 0,329 0,3289 6 0,0168 12,9 0,53 0,0346 0,381

7 0,372 0,263 0,7077 6 0,0168 18,6 1,03 0,0404 0,285
8 0,650 0,461 0.7093 6 0,0168 20,0 0,63 0,0303 0,491

9 0,147 0,082 0,5596 6 0,0168 6,8 0,54 0,0485 0,092
10 0,269 0,137 0,5106 6 0,0168 11,6 0,93 0,0485 0,155
11 0,120 0,603 5,0273 6 0,0168 40,5 1,27 0,0303 0,609
12 0,464 0,329 0,7100 6 0,0168 16,6 0,89 0,0323 0,352

Table 3. Effects ofactionsfor the minimum axialforce Nim„.
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4. Material characteristics

The following materials characteristics for concrete and reinforcing steel are considered in the
deterministic design of reinforced concrete columns. Concrete class C 20/25 having the
characteristics

fa 20 MPa, ye 1,5, fa 13,33 MPa, a 0,85 (12)

is considered here. It should be noted that the coefficient a equal to one is considered in
some countries. Reinforcing steel S 500 having the strength values

/^c 500 MPa, y,= 1,15,/yd 435 MPa (13)

is considered. Assuming further the modulus of elasticity E, 200 GPa, the design yield strain

Syi 2,17 %o corresponds to the yield strengthfa given above.

5. Deterministic design

The following simplifications are accepted for design of column cross sections (see figure 2):
- symmetrical reinforcement (Asi =As2 AJ 2) is considered only,
- the square shape of the column cross section having dimensions h and b rounded to

5x 10"2 m are chosen such that h/b 2 (in the last study case h/b 3).
- distance of reinforcing bars from the edge is chosen as <afi(2) 0.1 h.

y

Compressior
zone

/

A
si

/
b

/

Fig. 2. Column cross section.

For given design values of the normal forces Ni and bending moments Mi, the column cross
sections are designed using simplified interaction diagram described by the following formula:

for Ni < ab hfa / 2

[Asfa(h-2d{) + hNi(l-Ni/(abhfa)]l2 -M„>0 (14)

for fa > ab hfa 12

Ki [Afai (h - 2di) / 2 + a b h2fa / 8] - Md > 0 (15)
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K2 (Nu<! - Ni) / (N^ - M,aW) (16)

Nui a bhfCà+ A,fyi (17)

A'biu -a b A/cd / 2 (18)

These relationships approximate well interaction diagrams derived from appropriate rules of
Eurocode 2 [5] and, because of their simplicity, shall be used in the following reliability
analysis. Moreover, detail analysis show that in common cases the ultimate bending moment
given by these relationships is mostly on the safe side and differs insignificantly (by less than
few percent) from that obtained by more accurate procedure based on Eurocode 2 [5], The
total reinforcement area A, should satisfy the conditions of clause 5.4 in [5]:

which specifies the minimum and maximum reinforcement ratio.

Using relationships (14) to (18.), material properties given by equations (12) and (13) and the

design values ofeffects of actions described by equations (1) to (11), the resulting
reinforcement areas A, and rations/I, / bh shown in Table 2 and 3 have been obtained for the
maximum axial force Nd#ax and the minimum axial forces Nd^m respectively. Note that the
reinforcement areas A, given in Table 2 and 3 satisfy the conditions (19) required by
Eurocode 2 [5], Theoretical values of reinforcement area As rounded upward to the last digit
indicated in Table 2 and 3, which do not correspond to any specific bar size, shall be
considered in the following reliability analysis.

It follows from Tables 2 and 3 that in the study cases 4, 9 and 10 the greater reinforcement areas

follow from the design situation corresponding to the minimum axial force Nd,mm\ this
reinforcement should be used. However, to show the effect of the design procedure
considering the maximum axial force Ndjmx only, both reinforcement areas (the greater due to
the minimum axial force and smaller due to the maximum axial force) are considered in the

following reliability analysis of the study cases 4, 9 and 10.

6. Limit state function

In the time variant reliability analysis the actual axial force N is considered as a simple sum of
actual axial forces due to all the considered actions:

where Nw is the axial force due to self weight, Nlmp is the axial force due to imposed load and
Nwind is the axial force due to wind action (positive values are again accepted for compressive
forces). Thus, the time variant reliability analysis presented here concerns only the permanent
design situation with the maximum axial force (corresponding to Nd^ given by (1)).

The bending moment Mis given by equation (6) used in the design calculation in which actual
values are applied instead of the design values and a new additional eccentricity e, are
considered, thus

0,15 \Nd I //yd < A„ 0,003 bh< A. < 0,08 b h (19)

N Nw + ALp + JVwind (20)

M M0 + N(e, + e2) N(e0 + e, + e2) (21)
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where the first order eccentricity e0 Mo / N, where Mo is given as

Mo I[Cp G Pwmd (L+nhs) a2]/8 (22)

The additional eccentricity e, is given in terms of the initial sway C as

e, CLI2 (23)

where £"is given in Table 4. The second order eccentricity e2 is given by modified equations
(9) in which h L (the minimum value h 1,12 L required by Eurocode 2 [5] is neglected in
the reliability analysis), thus

e2=0,l KxL2(l/r) (24)

where Kx 1 and r is given by equation (10), in which, again, actual values ofbasic variables
shall be used instead of the design values.

The limit state function g may be expressed as the difference of resistance bending moment
and the actual bending moment about the centroid.

g=&MR-£M (25)

Two coefficients of model uncertainties Cr and Ce are considered as random variables to
cover imprecision and incompleteness of the relevant theoretical models. Taking into account
(15) to (18) the limit state function (25) becomes

for N < a b h fc / 2

Cr [AJy (h-2dx) + hN(l-N/(ccbh/,)] / 2 - CeM> 0 (26)

for N > a b h fc / 2

Cr k [AJy (h-2dx)l2 + ab h% / 8] - |E M> 0 (27)

K=(NU-N)/(NU-NM) (28)

Na ab hfz + Asfy (29)

Nbll=abhfJ2 (30)

The limit state function given by equations (26) to (30) is applied in the reliability analysis of
the column in conjunction with appropriate probabilistic models for basic random variables
described bellow.

7. Statistical properties of basic variables

Basic variables applied in the reliability analysis are listed in Table 4. Note that the initial
overall sway Co (which is not used in the design - see note (1) below Table 4) is applied now
in the reliability analysis of the column. Some of the basic variables are assumed to be

deterministic values - denoted "DET" (As, Es, au a2, L, and ri), the others are considered as

random variables having the normal distribution - "N", lognormal distribution - "LN",
Gumbel distribution - "GUM" and Gamma distribution - "GAM". Statistical properties of the
random variables are further described by the moment characteristics, the mean and standard
deviation, partly taken from CIB Reports [7] and [8],
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Category of Symbol Name of basic variable Distrib Dimen. Mean Standard

basic var. type deviation

Material a reduction factor N - 0,85 0,085

properties A, reinforcement area DET m2 nom 0

fc concrete strength LN Mpa 30 5

fy yield strength LN Mpa 560 30

E modulus of elasticity DET GPa 200 0

Geometric a\ column distance in plane DET m nom 0

data a2 perpend, dist. of column DET m nom 0

b width of cross section N m nom 0,005

di(2) distance ofbars from edge N m 0 lh+0.00 0,005

h height of cross section N m nom 0,005

L height of column DET m nom 0

n number of floors DET - nom 0

Ç initial overall sway(1) N rad 0 O ©o

Model & uncertainty of load N - 1,0 0,1

uncertainty & uncertainty of column N - 1,1 0,11

Actions p weight of reinf. concrete N MNm"2 0,0240 0,00192

Cp shape coefficient LN - 1,0 0,15

G gust factor GUM - 2,5 0,25

/'wuid wind pressure GUM MNm"2 0,00035 0,00006®

/'impl imposed long term load GAM MNm"2 0,0006 ean x v(3)

/'imps imposed short term load GAM MNm"2 0,0002 (4)
ean xvu

Notes: (1) The initial overall sway Ç is used to calculate the additional eccentricity ea of
the built in column according to equation (23).
(2) The mean and standard deviation correspond to the distribution of one year
maximum.

(3) The mean and standard deviation correspond to the distribution of 7 years
maximum; v2=(0,16+8/(ai a2))(\ln+p (1-1/«)) (see CEB report [8]), where the
coefficient of correlation of the long term loads in two floors is considered as p
0.5 (see also table 5).

(4) The mean and standard deviation correspond to the distribution of the 12

hours (one day) maximum, v2= 50/(ai a2) (see also table 5).

Table 4. Statisticalproperties of basic variablesfor built in column.
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Study
case

As xlO4
rm2i

a\
[ml

a2
Tml

n Op.impl

rMN/m2l
Gp.unps

[MN/m2l
1 24,3 5 5 10 0,00031 0,00028
2 28,2 5 5 10 0,00031 0,00028
3 46,4 5 5 10 0,00031 0,00028
4 28,5 5 5 10 0,00031 0,00028
5 23,2 4 5 10 0,00033 0,00032
6 30,1 7 5 10 0,00028 0,00024
7 26,1 5 4 10 0,00033 0,00032
8 31,1 5 7 10 0,00028 0,00024
9 5,3 5 5 1 0,00042 0,00028
10 9,4 5 5 3 0,00034 0,00028
11 73,8 5 5 20 0,00030 0,00028
12 29,8 5 5 10 0,00031 0,00028

Table 5. Standard deviation apimpi and ap.imp!of the imposed loads.

8. Reliability analysis

Time variant reliability analysis is based an the Borges - Castanheta model for wind action,
long term and short term imposed loads indicated in Fig. 3 (see also [1]). Program
COMREL-JP [6] have been applied for time variant reliability analysis (jump process) of the
columns assuming life time of 50 years and the probabilistic models given in Table 4 and 5.

The wind load is modelled as a sequence of independent rectangular pulses, each pulls having
a duration of approximately 1 day. The statistical properties of the pulls intensity is tuned in
such a way that the maximum pressure in a year has a distribution specified in Table 4. The

long term imposed load is defined for the interval of 7 years. It is assumed to be changed
simultaneously on all floors of a building. The short term load is present during one interval of
1 day in each year; the simultaneous occurrence of short term imposed loads on more than 1

floor at the same time may be neglected; so an independent short term single floor load

imposed on the column occurs n times a year, n being the number of floors. Note that long
term loads are considered as being correlated over various floors.

In the first type of the time variant analysis the short term action was assumed to be absent,

Pimps 0, and only wind action p„M and long term imposed load p\mpi, were considered as time

dependent ergodic and stationary random variables. As the statistical properties of the wind
action p„mi given in Table 4 refer to the distribution of one year maximum values and

properties of the long term imposed load pmf\ refer to 7 years maximum, the "jump rates"

(number ofjumps within one year) Ap.wind and ^.impi of the rectangular wave renewal jump
process were considered as follows:

Ap.wind 1,0/year ; ^p, 0,143/year (31)
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Wind action, />wmd

i
»Ik 1 day

Long term imposed load, pmp,i

time

7 years time

Short term imposed load in one floor,

1 dav

|«-»| 1 year

Fig. 3. Models ofactionsfor time variant reliability analysis.

time

The second type of the time variant analysis concerns the period of time when the short term
imposed load pm^ is present. As already mentioned above it is assumed that in each floor the
short time imposed load may independently occur once a year. Thus, in every year there is n
days, where n is the number of floors, when the short time load is active. The total number of
'active' days during the assumed life time of 50 years is therefore 50 n. This period is
considered now as the total time of the time variant reliability analysis. One day is considered

now as a unit of time. Jump rate of the short term imposed load pmp, is thus /^>lmps 1,0/day

Taking into account properties of the Gumbel distribution, statistical properties of the wind
action /?wind were adjusted to one day period as follows

//day //year " 0,78 CTyear ln(365) 0,00035-0,00028=0,00007 MN/m2 Oday Oyear (32)

Jump rate of the wind action i is thus -1j,.»md 1,0/day
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Statistical parameters of the long term imposed load pmpi given in Table 4 for 7 years
correspond now to the period of 7« "active" days (one year is "compressed" to « "active
days") Appropriate jump rate 2p>lmpi (number ofjumps within one active day) is therefore

^ptUnpl 1/(7«)/day (33)

Using the FORM methods of probability integration [6], resulting values of the reliability
index ßt and ßi of the first and second type of reliability analysis respectively for the 12 study
cases are given in Table 6

ReinforCross section Column Time variant Time variant
Study cement cement dimensions height analysis, short analysis, short
case area ratio term load not term load

present present

As xl04[m2] A, Ibh [%] bx h [m] L[m] ßi ßi
1 28,7 1,17 0,35x0,70 6 5,6 6,1

2 22,1 1,23 0,25x0,50 3 4,7 5,3

3 34,1 1,07 0,35x0,70 9 4,0 4,6
4(1) 44,2 (38,2) 1,09 (0,94) 0,45x0,90 12 4,5 (4,2) 5,1 (4,8)

5 24,0 1,00 0,35x0,70 6 5,3 5,8

6 41,4 1,69 0,35x0,70 6 6,1 6,5

7 31,9 1,77 0,30x0,60 6 5,5 6,0
8 37,4 1,17 0,40x0,80 6 5,7 6,2

90) 6,8 (4,6) 0,54 (0,37) 0,25x0,50 6 3,7 (2,9) 4,9 (4,2)
10(I) 11,6(10,9) 0,93 (0,87) 0,25x0,50 6 3,9 (3,8) 4,8 (4,7)
11 90,7 2,83 0,40x0,80 6 5,6 6,0
12 37,5 2,00 0,25x0,75 6 5,6 6,2

Note (1) In the study cases 4, 9 and 10 the reinforcement area is designed considering
the minimum axial force due to permanent load and wind action only
(imposed load being absent), values given in brackets correspond to the design
considering the maximum axial force Ni^x

Table 6. Reliability indices ßh and ßi of time variant analysisfor built in column.

It follows from Table 6 that obtained values of the reliability indices are within a broad ranges
from 3,7 (2,9 when the 'the maximum axial force design' is considered only) to 6,5. Such a
broad range for reliability indices has been, however, reported also in previous probabilistic
analyses (see for example [9]) Values of the reliability index ßi are within a range from 3,7

(2,9) up to 6,1, values ofßi within a range from 4,6 (4,2) up to 6,5 In the study cases 9 the

reliability index ß\ 3,7 (2,9) is less than recommended value 3,8 [1], relatively low value of
ß\ are obtained also for the study cases 3, 4 and 10 (see Table 6) In all these cases the
reinforcement ratio is relatively low (around or less than 1%), though still above the required
minimum 0,3 % In the study case 9 and 10 there may be also an unfavourable effect of
relatively small cross section dimensions (0,25 x 0,50 m) Higher and perhaps uneconomical
values of the reliabilty indices (around 6) seem to correspond to relatively great reinforcement
ratios (study cases 7, 11 and 12)
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The resulting reliability index ßfor the column is given by a combination of both reliability
indices ß\, and ßi that are given in Table 6. As a simple approximation the minimum ofboth
values ß\, and ßi may be considered as the resulting reliability index ß. It follows from Table
6 that in all the study cases considered here ß\ < ßi, thus the first design situation with the
short term imposed load being absent seems to be decisive.

10. Conclusions

Results of the reliability analysis of 12 study cases of reinforced concrete column show
considerable differences in the reliability level of the column in different structural
arrangements. Considering 50 years life time, wind action and long term imposed load as time
variant actions (short time imposed load being absent) obtained values of the reliability index

ß varies within a broad range from 2,9 up to 6,1 Generally higher values ofß (from 4,2 to
6,5) correspond to the reliability of columns during those days when short term imposed load
is present

It appears that the reliability level of reinforced concrete columns designed according to
Eurocodes may be in some cases insufficient in other cases, depending on actual structural

arrangements, it may become uneconomical To harmonise reliability levels obtained for
various structural members further research on random variable models using available

experimental data and calibration of present generation of Eurocodes to existing structures is

urgently needed.
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Reliability analysis of a reinforced concrete column designed according to
the Eurocodes

Milan Holicky and Ton Vrouwenvelder

Abstract

Reliability analysis of reinforced concrete columns is a part of an extended research activity
on Eurocode Random Variable Models supervised by the Joint Committee for Structural
Safety. Submitted analysis concerns reliability of a built in reinforced concrete column
designed according to Eurocodes 1 and 2. Reliability of a column of the first floor of a
multistorey frame structure is analysed using software product COMREL developed by RCP
München. Preliminary results of the analysis are presented for the total of 12 study cases

corresponding to different structural arrangements.

The design effects of actions are determined in accordance with Eurocode 1 considering the

permanent load due to selfweight and variable load due to wind, long term and short term
imposed load. The column cross sections are designed using a simplified interaction diagram
for axial force and bending moment and material properties specified in Eurocode 2.

Dimensions b and h of rectangular cross sections rounded to 5 10"2 m are chosen such that h/b 2

(in one study case h/b 3). Symmetrical reinforcement having the theoretical area A, rounded
upward to 10'5 m2, which do not necessarily correspond to any specific bar size, is considered
in the reliability analysis.

Using the FORM method of probability integration results of time variant reliability analysis
of columns for long term and short term actions are submitted for the all 12 study cases.

Considering 50 years life time, wind action and long term imposed load as time variant
actions (short time imposed load being absent) obtained values of the reliability index ß
varies within a broad range from 2,9 up to 6,1. Generally higher values ofß (from 4,2 to 6,5)
correspond to the reliability of columns during those days when short term imposed load is
also present.

It appears that the reliability level of reinforced concrete columns designed according to
Eurocodes may be in some cases insufficient in other cases, depending on actual structural

arrangements, it may become uneconomical. To harmonise reliability levels provided for
various structural members further research of random variable models using available

experimental data and calibration ofpresent generation ofEurocodes to existing structures is

urgently needed.
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