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Reliability Analysis of |-Section Steel
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Brazilian Building Codes

This paper presents an evaluation of the safety of I-section steel columns designed
according to the new revision of the Brazlian code for design of steel buildings
(NBR8800) and to the code for loads and safety of structures (NBR8681). The safety
evaluation is based on structural reliability analysis of columns designed to comply with
these codes, and on advanced (FE-based) analysis of actual column resistance. The effects
of geometrical imperfections and residual stresses in column resistance are taken into
account. The uncertainty in yield stress, elasticity modulus, geometrical imperfections and
dead and live loads are considered in the reliability evaluation. Reliability indexes are
obtained for several column configurations. These indexes reflect the safety of the columns
designed according to the two building codes. Reliability indexes are compared with target
reliability indexes used in calibration of the ANS code and with indexes proposed in the
new EUROCODE.

Kegmo.rds steel columns, structural safety, building codes, nonlinear finite element
analysis

the calibration of major modern design codes (EURDE, 2001;
AISC, 2005).

Introduction

Design and construction of steel buildings in Brazsubject to
two building codes: the Brazilian code for the dasiof steel
buildings (NBR8800) and the Brazilian code for Isahd safety of
structures (NBR8681). For the design of steel colsinNBR8800
provides column resistance in consideration of mwlugeometry
(type of cross section, slenderness ratio, impgdies) and
materials (yield stress, residual stresses). Registof the columns
is given by curves adjusted to experimental reswdtsd which
already incorporate some reserve strength. Thesegyrovide a
nominal strength, which already includes a pagafety factor for
the resistance.

In a similar way, NBR8681 provides nominal loadsbto used
in design, partial safety factors for loads anddlambination
factors.

The design format provided by the two building c®de in
essence the Load and Resistance Factor Design (LRéthat
adopted in the American Institute of Steel Condiomc
specifications (AISC, 2005) and in the new EUROCQOR&01), in
which the two Brazilian codes were based.

Although it is clear that the purpose of buildingdes is to
provide adequate safety in the design and coniiruof structures,
the level of safety cannot be measured quantitgtivased on the
codes alone, since they hide a myriad of safetygmarand
conservative approximations. The two Brazilian cdeentioned, in
particular, have been subject to major revisionst jtecently.
NBR8681 has been extensively updated in 2003, @i BIB0OO is
currently under revision. None of the codes hast@eund long
enough for a practical verification of the safety structures
designed to comply with them.

This paper provides limited verification of the esgf of steel
columns designed to comply with NBR8681 and with thvised
text of NBR8800. The study is based on structwetébility theory,
which allows explicit consideration of the uncenmtgi that affects
performance of constructed structures. Structwigbility analysis
results in a quantitative measure of structuragtgafiven in terms
of a failure probability or the related reliabililydex. This is only a
nominal measure of safety, but nevertheless htiésteasure used in
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Nomenclature

A = cross-sectional area, o

width, cm

yield stress test parameter, MPa

section height, cm

dead load, kN

= elasticity modulus of steel, MPa

stress, MPa

column length, cm

axial force, kN

live load, kN

radius of gyration, cm

resistance variables

load variables

thickness, cm

axial displacement, cm

random variable vector in original space
design point, dimensionless

random variable vector in transformed space
Greek Symbols

= sensitivity factor; curve parameter, dimensionless
reliability index, dimensionless

load and resistance factor, dimensionless
imperfection, cm

= fabrication parameter, dimensionless

= slenderness, dimensionless

= cumulative standard normal distribution

= column resistance reduction factor, dimensionless

Subscripts

relative to initial condition
relative to dead load

relative to section flange; failure
relative to gross section

vector index

relative to nominal value
relative to live load

relative to resistance

relative to residual compression
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Rd relative to design resistance
rt relative to residual tension

S relative to load

Sd  relative to design load

w  relative to section web

y relative to yielding

yn relative to nominal yield value

Design of Steel Columns Following NBR8800

The compressive resistance of steel columns isrdigpe on
physical and geometrical properties, which include:
cross-section geometry;
slenderness ratio;
elasticity modulus;
yield stress;
residual stresses;

: geometric imperfections (misalignments).

Geometrical imperfection is characterized by theatgnment
of a column throughout its length, as shown in Eigmperfections
are originated in the fabrication process, in tpams and storage,
and they cause second order bending moments. Téraroe for
geometric imperfections in NBR8800 is up to L/100Mere L is
the column length (ABNT, 1986 and 2007).
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Figure 1. Initial geometric imperfection.

Residual stresses originate in the fabrication ggscespecially
in hot rolled and welded beams. Following Galambod Ketter
(1959), the hot rolling process can originate caapive residual
stresses (f) of the order of 30% of the steel yield stressSf(g).
Based on experimental results, the authors proposemplified
diagram for the distribution of residual stresses section beams,
as shown in Fig. 2. More elaborate diagrams exvsiich admit
non-linear variation of the stresses along the wiwever, it is the
compressive residual stresses at the flanges fieat aompressive
resistance of a column. Therefore, the simplifiedychm is adopted
in this study.
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Figure 2. Residual stress distribution in hot rolled | section beams.

Residual stresses, present at a column prior tdiriga cause
premature plastic deformation when the column &lém. Clearly,
this only happens when the sign of residual andkingrstresses is
the same. Figure 3 shows equilibrium paths of ifegoer
compressed columns with and without residual stsessThe
neglection of residual stresses in this exampleulted in a
compressive strength 8.9% greater than the streogthined by
considering residual stresses. This points ouh&importance of
incorporation residual stresses in the analysis compressed
I-shaped columns.
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Figure 3. Equilibrium paths for an imperfect I-section beam, with and
without consideration of residual stresses.
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Figure 4. Resistance curves (resistance reduction factor X) for | section
columns in compression, NBR8800.
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Column resistance in NBR8800 is given by curvesistégd to
experimental results, as shown in Fig. 4 (I sectoiumns). The
nominal (design) resistance in NBR8800 is given dsneral
expressions like:

gfyn/y

where A is the cross-section areg, fs the nominal value of the
steel yield stress; is a partial safety factor for the resistance é&qu
to 1.1) andy is a reduction factor for the normal load at thlumn,
which takes into account failure due to instabi(ftexural bending
and torsional-flexural bending). Reduction facgoshown in Fig. 4
is given by:

Ngy = %A (1)

1 <1.0 2)

pr(p*-22)"

Where

B =0.51+a(h,~0.2)+12) ®3)

Parametera represents the influence of residual stresses and

initial geometric imperfections. It assumes four défer values,
giving rise to four compression resistance curves (claves!):

0.21 curvea
_10.34 curveb
"~ 10.49 curves

0.76 curved

4

Curvesa andb correspond to instability of | section columns,
with respect to the weak and strong axes, respectiVabse curves
are focused in the present study. Paramateiis the reduced
slenderness ratio, given by:

ho =Alf . /E, )2 (5)
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FE analysis is performed in the software ABAQUS @bit,
Karlsson and Sorenson INC, 2005), with an elastidgtly plastic
material model and using the von Mises yield ddter Hinged
columns were considered, as shown in Fig. 5. Getnet
imperfections were considered explicitly in the Ribdel. The
shape of initial imperfections was assumed parapulith random
amplituded, at the center of the column. The admitted paraboli
shape is more detrimental to column resistance therfection
randomly distributed over column length; hence dperoximation
is conservative in terms of column safety.
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Figure 5. Mechanical model: column geometry and distribution of residual
stresses in the cross-section.

Residual stresses are incorporated in the model sste of
self-equilibrated initial stresses (Fig. 5), defirs the cross-section
integration points (Fig. 6). A special routine wasitten in
FORTRAN to incorporate the residual stresses inrtioelel. The
routine contains values of normal residual stresfas the
integration points shown in Figure 6 (right).

Columns were discretized using 10 three-dimensidredm
elements (B32) with 6 degrees of freedom per ntittee rotations
and three displacements. This discretization ificseifit to represent
the imperfect parabolic shape of the columns.

The element used has more degrees of freedom #eted in a
plane analysis. However, the distribution of in&#gm points in the
cross-section justifies the need for a full 3D edain In order to

where) is the actual slenderness ratio of the column. Thisldhoureproduce the residual stress diagram, it is naogs® have

not be larger than 200, following NBR8800:

A =L/r<200 (6)

integration points at the flanges, as shown in FEidgu

I — ]
5 g o | w 3

The normative procedure just presented allows the sl ol
determination of a particular columns resistanag, ib does not
provide a quantitative estimate of the columnstgafeartial safety ol o
factors and conservative approximations are ina@uiteresistance
curves and in Eq. (1), hence the resulting resigtda a nominal
one, already incorporating some reserve strengththis study, *F *le
non-linear FE analysis (advanced analysis) is usedepresent 1
actual column resistance as closely as possibkhduld be noted | I : ; ; : H

that the advanced analysis described in the nekbses part of the
design procedure recommended by the AISC standAt8C(
2005).

Non-Linear FE Analysisof Column Resistance

Column resistance is evaluated by means of nomlireE
analysis, including elasto-plastic  behavior, geoivait
non-linearity, geometrical imperfections and residstresses. This
type of analysis has been called advanced anabysieesearches
involved in the design of steel buildings (Essa &etinedy, 2000;
Buopanne and Schafer, 2000).
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Figure 6. Integration points in the cross-section: plane elements (left) and
3D element (right).

Critical loads for the columns were obtained withpthcement
control. A total prescribed axial displacement ¢fQ0 was applied
incrementally at the top of the column, with “loadsteps
corresponding to 1% of the total imposed displacgmiEhe critical
load, or column resistance, is obtained as thécakipoint in the
equilibrium path, as shown in Figure 3.

Numerical models were first validated by comparing
numerically predicted column strength with columtresgth
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obtained from Brazilian standard NBR8800. Two dituss were
analyzed:

a. lateral instability due to buckling with respéetthe weak
axis (resistance cungwith a =0.21) and;

b. instability due to buckling with respect to tteong axis
(resistance curvie with 0=0.34).

Considered material properties ajg850 MPa and f£205000
MPa. Geometrical properties of the cross-sectiensaown in Fig.
7.

Results for buckling with respect to both axes gnesented in
Fig. 8. It is clear in Fig. 8 that the non-linedE Fodel considered
properly represents column resistance (or theteggie reduction
factor) for the whole range of slenderness ratiemind that code
curves are based on experimental results). It tsmlze seen that
nominal (normative) resistances either match orslghtly smaller
than numerically predicted resistances. This ibeexpected since
code curves are always drawn as conservative bouods
experimental results.
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Table 1 shows the deviation of nominal resistar{b#R8800
and revised text of same standard) from numericpHgdicted
column resistance.
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Figure 7. Geometrical properties of the cross-section.
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Figure 8. Comparison of column resistance.

Table 1. Deviation (%) of nominal resistances from
numerically predicted column strength.

Buckling about strong axis (x-x)  Buckling about Wexis (y-y)
NBR 8800 Revised text NBR 8800 Revised text
25 -0.9 -1.1 4.9 1.5
50 0.9 -1.0 3.5 -1.5
75 2.7 -0.5 8.2 3.3
100 8.1 -2.8 9.7 7.1
125 11.8 9.6 9.4 7.9
150 12.4 11.5 10.5 9.7
175 12.0 11.7 10.3 9.9

Structural reliability analysis

Column design and actual column performance in tcooed
facilities depends on several uncertain or randamarmpeters. These
include, but are not limited to, material resistaitgield stress and
elasticity modulus), geometric imperfections, staie residual
stresses, boundary conditions, self weight and icenloads.
Structural reliability analysis allows this uncéntg to be explicitly
taken into account, and a quantitative measur¢raétsiral safety to
be derived.

The structural reliability analysis of columns dp®d to

comply with NBR8800 and NBR8681 can be summarized a

follows. For each column configuration considered:
a. nominal resistance (strength) of the columnvialuated from
Eq. 1 and design curves (NBR8800);

J. of the Braz. Soc. of Mech. Sci. & Eng.
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b. axial load at the column is chosen so that delsigd is equal to
design resistance (NBR8681);

c. structural reliability analysis is performed,ns@ering not the
nominal or design values of load and resistancerdpresenting
design parameters as random variables, and evajuatilumn
resistance by means of non-linear FE analysis.

These steps are described in detail in the sequence

Limit State Equation

Random problem parameters are grouped in veXtdfor the
purpose of illustration, this vector can be semarah a vector of
resistance random variableXg] and a vector of load random
variables Xg). A limit state equation is written in terms ofete
variables in such a way as to divide the failure safety domains:

9(X) =R(Xg)-SXs)=0 Q)

In Eq. (7), RKR) is the strength (resistance) of the column,
evaluated by non-linear FE analysis, andsp(s the actual column

load. Column load can be obtained as a sum of ishgi@ loads, as
will be seen in the sequence:

S(Xs)=D" Xs

Data on random variables probability distributiored
distribution parameters is obtained from internadioreferences

(8)

April-June 2008, Vol. XXX, No. 2/ 155



André T. Beck and André S. Déria

such as (Galambos and Ravindra, 1978; VrouwenveRBfi2 and being exceeded. This results in E[D}z0he nominal value of live
Ellingwood et al., 1980). loads should only be exceeded with 25% to 35% fhitiba
Adopting a confidence level of 65%, with a Type Gumbel)
distribution and C.0.V.=0.25, this results in ED.95Q.
A summary of random variables, their probabilitgtdbutions
Following Vrouwenvelder (2002), the yield stressstifuctural and parameters is shown in Table 2.
steel can be described by a log-normal distributiwith
C.0.V.=0.07 and mean given by:

Resistance Random Variables

E[fy] = fynne_uv— C (9) Table 2. Probability distribution and parameters of random variables.
Variable Symbol| Distribution| E[.] C.0.V|
where: Initial geometric imperfection 5, normal 0.00 @
fyn is the nominal resistance; Yield stress f log-normal | 1.05.f [ 0.07
n=1.05 for the web of hot rolled sections aywl.0 otherwise; | Elasticity modulus E log-normal|  1.06 F 0.03
u is a parameter that varies between -1.5 and d2jiending on| Dead load D normal 1.00,0 0.10
the steels production process; Live load Q Gumbel 0.95Q| 0.25
C is a constant that takes into account the diffezebetween (a) Standard deviation equal to L/1000
yield stresses obtained in mill and static testiregpmmended value
is C=20 MPa. Computation of the Reliability I ndex
In this paper, the valug=1 is used, since the contribution of the ] ] - ]
web in the bending resistance of the column is $égsificant than Computation of the failure probability basically anmts to

the contribution of the flanges. Therefore, it isnsidered more evaluating the multi-dimensional integral (Melcher899):
appropriate to use the valuempfcorresponding to the flanges. Due

to the lack of more specific recommendation, patame was set as P = J'fx(x)dx (13)

the medium value of the suggested range (u=-136hstituting glx)<0

these values in Eq. 9, one obtains,Ef.05f,, which coincides

with the mean value proposed by Galambos and Reviii®78). where §(x) is the joint probability density function of tipeoblems
The log-normal distribution is appropriate to regmet yield random variables.

stresses because these have to be strictly positive In the First Order Reliability Method (FORM), thelstion of

For the modulus of elasticity, a log-normal distiibn is equation (13) involves a transformation of randariable vectoiX
considered, with mean ,Eand C.0.V.=0.03 as suggested ininto a set of uncorrelated standard Gaussian Jasah as well as a
Vrouwenvelder (2002). search for the theoretically most probable failpeént (known as
design pointy*). In the transformed space of Y, the most probabl
failure pointy* becomes the point over the limit state surfacsest
to the origin. The distance of the design pointhe origin in the

The design value of the compressive load in thairool is transformed space is known as reliability indgk (At the design
obtained as: point y*, the limit state function is linearized, yieldirtge FORM

approximation of the failure probability as:

Load Random Variables

Ngy = N g (10)
P =®(-H) (14)
where Mg is the column strength given by Eq. 1. The normal
compressive load @) acting on the columns is considered as beinghered(.) is the cumulative standard Gaussian distributindg is

the sum of a dead and a live load: the reliability index. Details of the formulatiomeaomitted here but
can be found elsewhere (Melchers, 1999; Beck arRada, 2006).
Ngg = 75D, +7oQ, (11) A particularity of the reliability problem solved ithis paper is

the fact that limit state equationX€OQ is not given in closed form.
where yp and y, are partial factors for dead and live loadsn this paper, the limit state equation is givermedcally as a
respectively. For the self-weight of steel struesyiNBR8681 gives solution of a non-linear FE model:
¥o=1.35. When variable actions are grouped, the fag{el.5 is
suggested. This results in: g(X)=R(Xz)-gXs)=0 (15)
=R(4,,f,,E)-(D+Q)=0
N, =1.35D,+15Q, (12 (6:5,.E)=(0+Q)
where RKR) is the resistance of the column, evaluated bylim@ar
FE analysis.

This means that algorithms for the solution of #tmictural
reliability problem have to be implemented in the program, just
as described by Beck and da Rosa (2006). With ghipose, an
object-oriented computational code was developeBython. This
code contains routines to:

a. perform the necessary transformation to thedstahGaussian
space;

Eqgs. (10) and (12) are not sufficient to estabtis nominal
values [} and Q of the loads. A proportionality relation between
these loads is needed in order to determinate footih known Ng.

In this study, the relations @D,, Q=2.50, and Q=5.0D, are
investigated.

Probability distributions and distribution paranmetdor loads
are given by Ellingwood et al. (1980). Dead loadejsresented as a
normal distribution with C.0.V.=0.10. The live loasl represented
by an extreme Type | distribution, with mean 0.95@nd 1, oy aate gradients of the limit state function;

C.0.V.=0.25. ' . ; .
i . . ¢. search for the design point using the HLRF allgor;

The nominal values Dand Q of the loads are also given in PR : . -
NBR8681. The nominal value of dead loads has a BB&hce of d. evaluate the reliability index and estimateftieire probability.

156 / Vol. XXX, No. 2, April-June 2008 ABCM
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The numerical limit state equation is evaluatedotigh a
sub-routine (script) that solves the structuralbpem and searches
for the critical load Rg) in the equilibrium path. This is then used
to evaluate the limit state function (Eq. 15).

The structural reliability analysis is performedtive ABAQUS
environment, since the program is capable of imétipg thePython
algorithms, as well as executing the script to tereand solve the
mechanical model. The subroutine that evaluates résdual
stresses is compiled at the beginning of each sisalyFigure 9
displays the organization of the algorithmic praged required in
the solution of the reliability problem.

Definition of column
configuration

Evaluation o Nr4
A

| Resistance R.) |

Evaluation of load R.\

4—" FORM analysis

Reliability index

reliability analysis (R.V.=random

Transformation to Y

spac Solution of mechanical moc I

Figure 9. Flowchart of structural
variables).

Results

The methodology just described was employed touatalthe
reliability of columns designed according to thenstards NBR8800
and NBR8681. A total of 48 representative columnfigurations
were analyzed.

Two nominal values of steel vyield strength,.)(f were
considered: 250 and 350 MPa. Elasticity modulus was as
E,=205000 MPa and the proportionality of dead to livad was

Flexural buckling about x-x axis
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Figure 10. Reliability index (B) as a function of slenderness ratio (A) of
columns subject to compression (X-x axis).

This uniformness of reliability indexes is providdy the
resistance curves of NBR8800. The uniformness isquite the
same in terms of nominal yield stresses.

The reliability indexes shown in Figures 10 and afe
compared with two target reliability values. Annéxof the new
EUROCODE (2001) suggests a minimumPef3.8 for the medium
consequence class (e.g., design of office andessa buildings)
and a 50 year reference period. The American (ANSie for
actions on structures was calibratedBtQy=3.0 for the D+Q load
combination (Ellingwood et al., 1980).

Figures 10 and 11 show that safety of columns desig
according to Brazilian codes compares favorablyjhwiite ANSI
reliability target for the load ratio @D,. Reliability indexes are
below the EUROCODE target, but our experience ti#ikt this
target is hardly met in current practice (Oliveiteaal., to appear).

Two more critical dead-to-live load combinations revealso

first set to Q=D,, Eight cases of slenderness ratios were analyzechnsidered. The ratios€2.50, and Q=5.0D0, were analyzed, but

with values ranging from\=25 to A=200 (the maximum allowed
value). Properties of the cross-section are shovig. 7.

Reliability index resultsf{) are presented in Figs. 10 and 11 as

functions of slendernes)(for the two values of f. Fig. 10 shows
results for buckling with respect to the major {xaxis and Fig. 11
shows results for buckling with respect to the mifyay) axis. The
figures show reliability indexes that are reasopaitnliform over the
range of slenderness ratios, as well as betweddibgdirections.

J. of the Braz. Soc. of Mech. Sci. & Eng.
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only for the most critical cases of flexural buokjiabout y-y axis
and {,=250 MPa. These results are shown in Fig. 12.

Flexural buckling about y-y a

4.5
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Figure 11. Reliability index (B) as a function of slenderness ratio (A) of

columns subject to compression (y-y axis).
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In Fig. 12 it is observed that reliability indexedrop Figure 13 shows sensitivity coefficients;)( for the curve
considerably in comparison to the casg=Q. This result was f,,=350 MPa, buckling with respect to the strong gxis) and for
already expected, and it is a consequence of tttetliat column the case @D, Similar results are obtained for the other design
reliability is more sensitive to live load (extremalue distribution configurations studied in the paper.
with C.0.V.=0.25) then to dead load (normal disttibn with

C.0.V.=0.10). This result is also a consequenctheffact that in 04
modern design codes the same partial load factoes used
regardless of the dead-to-live load ratios. Howgtres reduction on 0.2
reliabilities can also be credited to the specifiartial factors a ool
adopted in NBR8681. The American code (ASCE, 2008¢s g '
Y¥o=1.2 andyy=1.6, whereas the Brazilian code (NBR8681) uses g .02}
¥o=1.35 andyg=1.5. In our opinion, the coefficients used in the 8
American code better reflect the uncertainty insthéoads (greater z 04
variability of the live load in comparison to dedmhd). As a Z o6l
consequence, the American code is able to maimwaire uniform &
reliability when load ratios change (Ellingwoodadt, 1980). Since 0.8 | |
reliability results using the Brazilian codes drefdpconsiderably e T T T e e
bellow the ANSI targetf=3.0), the NBR8681 and NBR8800 code A T e w0 75 100 125 150 178 200
committees should look carefully to the presentiltes Perhaps a Sendernessy
reconsideration of partial factors for loads isdeke A reliability
index of 2.5 corresponds to a nominal failure pholitgt of 6.2 10° Figure 13. Sensitivity coefficients of the problems random variables.
Whether this is enough or not is a matter leftifdaerpretation by
the code committee or by the reader. It is significant to observe that, as the slendssre the column
increases, the contribution of yield stress unagstalecreases and
Flexural buckling about y-y axis the contribution of elasticity modulus increasekisTresult reflects
physical behavior of the problem, since columns whall
4.5 slenderness fail under high levels of plastificaticsquashing),
40l | whereas columns with larger slenderness fail eialbfi
e — - Results in Figure 13 also show that the uncertaintynitial
357 . imperfections is quite significant.
B ol Figure 13 also shows that influence of live load {@failure
E ’ probabilities is larger than the influence of ddadd (D), even
£ 25| &miimgeopyeiiBUT :_-;g'_‘_:g:.'—'é§ when they have the same nominal valug=@). Clearly, this is a
2 20 consequence of the larger variability of live l1o485% comparing
3 —-A—- Qn=2.5Dn i to 10% variability of dead loads). This result iscaa consequence
& 15l —-e--Qn=5.0Dn 1 of the fact that live load is represented by anresme value
—--—- Eurocode target distribution, which has higher probability conteaitthe upper tail
o ANSI target i when compared with the normal distribution of tread load. The
05 | i significant contribution of live load uncertaintyo tfailure
00 probabilities explains the drop in reliability indss for load ratios
o 25 50 75 100 125 150 175 200 Q.=2.50, and Q=5.0D,, as shown earlier.
Slenderness\) Discussion

Figure 12. Reliability index (B) for different dead (D) to live load (Q) ratios. The results observed in Figures 10 to 12 shouldcoate as a

complete surprise. In fact, what one can observhése results is

Important sub-products of a FORM reliability anadyare the the closing of a loop that started in the defimitiof partial safety
sensitivity coefficients ), which give the contribution of factors, based on target reliability indexes, ahithe American and
individual random variables in the failure probé#hil In the the European structural design codes. BraziliareddBR8800 is
transformed space Y, sensitivity coefficients arapdy evaluated largely derived from the American code (AISC, 2Q0B)t uses
as: compression resistance curves based on Europeagriraeptal
results. The structural loads code (NBR8681), endtiner hand, is

_ I]g(yD) (16) heavily based on the European code, from which mpadtal safety
_HDgyD‘ factors for loads were derived. For the=0, load ratio, the
Brazilian codes still reflect the target reliahiliindex used in

calibration of the American codes. For other loatios (Q=2.5D,

where gf*) is the gradient of the limit state function in 8pace ;04 =5.0D,), however, the Brazilian codes may be resulting in
evaluated at the design point. Sensitivity coeffis vary in the jhgyficient reliability. In order to make this aone definite

range {-1,1}. Negative values represent “load” aafes, since an qncjysion, however, studies on the variabilityiioé loads in the
increase in these variables produces a decreatfeeifimit state  ,.,al Brazilian reality would be needed.

function. Positive sensitivity coefficients represe‘resistance” Reliability indexes presented in this paper are inaimeasures
variables. The absolute value of the sensitivitefident is a ot gafety (Melchers, 1999). These indexes are seprative of the
measure of the contribution of the random variaiiards the  gafety introduced by codified design, but they du necessarily
failure probability. represent the reliability of actual constructedictures.

o
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Conclusions

This paper presented a procedure to evaluate faty s steel
columns designed to comply with the Brazilian bimtd codes
NBR8800 and NBR8681. The procedure involves a et FE
analysis of column resistance, including effectsesidual stresses,
initial imperfections, and plastic failure of thelemns. It also
involves a structural reliability analysis for theliability index of
the columns. A computational code was developedBAQUS to
perform reliability analysis of the columns.

Several column configurations were analyzed. Nucaéri
column resistance results were first compared whth resistance
curves of NBR8800. Loads were then obtained follmgaWBR8681.
Probabilistic data on the problems random variallas collected
from the literature.

The results obtained in the paper show that I-seatolumns
designed according to the two building codes presslequate
levels of safety for load ratio ©D,. Resistance curves used in
NBR8800 provide uniform reliability over the alloderange of
slenderness ratios and over buckling directionss Thiformness is
not the same in terms of steels yielding stresses.

For other load ratios common in steel design=@%D, and
Q.=5.0D,), however, the reliability proportioned by Braaili codes
may be insufficient. This is mainly due to the artoad factors
adopted in NBR8681. In the authors opinion, paftiatorsy;=1.35
andyq=1.5 do not properly reflect the uncertainty andalaility of
these loads. As a consequence, the Brazilian cd&iR8881 does
not provide uniform reliability over distinct loadtios.

These conclusions reflect the safety of I-sectitaelscolumns
studied in the paper. More definite conclusions Moequire an
extensive study of other structural applicatiorswell as further
study into uncertainty of dead and live loads ituak Brazilian
reality.
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