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enginesring the use of ﬁvmb”,L“
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vl Ha The mumber increases wiith the

oof the method used. To descoribe what are the
twesn these levels: the concepte of limit state
hahl ihy of ?mlluze mu%t e defined.

T.2.limit State Design

The concept of limit state may be descor 1bwﬁ aw that
')

that state bhey
longer fulfill
which 1t e
reach a limit

ord which a structures or part of 14, can no
the functions or sabisfy the conditions for

grecd . MNamelvs fhm structurs 1s sald to

state when & specific e paramster

attains a threshold value. HAs exasples of witimate limit

states are the
the sitructurs
o Esnlve pla

loss of eguilibrivam of & part or the whole of
considered as a vigid bodys FTaillure or
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T.E.Probabilibty of Faillure

The probability of failurs srwvisaged v limit state

signe vary with the risk of loss of buman livess the
vy of lives aftfected and the sconomic conssquencss.
I uitimate limit states the range of prebabilibty of failurs
adopted le bhebwesen 107 T oevay a 50 ovears design 1ife
of sbtructure. in serviceablliby lsmit wLaiw' the probabiliby
eof failure varies betwsen 107 and 1079, The Tigure. fovr
example: of 107, msans that ons the avwraqwa cut of 1000
rominally identicel bulldings one will orack or d@§&rm

45 Mows 3t is evident that iﬂ oivil ]
1uan+1r1} buitidings rarely ooours sven ﬁ%glﬁﬁyluﬁ ihm
statistically signiftilcant mamber requive samples
&t 19 b #20 timss larger. Moreovers the determinabilon
of these low probabilities veguires exbrapolstions of
statistical propertiss that are @?L?%lm@ ahally known only
arournd the central values of the vandom guantities.  For
thess reasonss bthe probabilities ci fatluwre in civil
7 qsn&er1*a have no real statistical significance and they

e mventional comparative valuss.
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o4, The Use of Limit Btate Design Levels

In consequence of the above considerations the
differences betwsen the methods used in gach of the thres
levels are rather operational than concepiual and there are
o vigid boundaries betwesen theo. Level 3 mesthods require a
complete arnalvsis of the probiem and also the integration of
the joint distribution density of fthe rvandom variables
grtended over the safety domain. They remaln in the fielc
of yvesesrch and are used to check the validiby of
approximations. idealizations and simplificaticns performed
it the other twoe levels. The Level © methods use random
variabhles characterized by their kEnown or assumed
distribution functions, defined in terms of imporiant
paramgters as means and variancess. This aveold %hm
multidimensicnal integration of the previous method.

These methods may be used by enginsers bo solve ﬁ?ﬁﬁlﬁmﬁ of
special technical and economical impovitance and by code
wpmi b tees engaged in drafting and revising standard codes
of practice to svalusats the partial safeby factors. In
.evel 1 methods the prebabilistic aspect of the problem is
represented by chavacteristic valuss of the random variables
involved. Hith these characteristic values partial safeiby
Factore ave devived using Level & methods. They are used by
most engineers where these methods are the basis of their
code Drovisions.







sic Problem Forsulation

Zul.Definitions Tor a Twoe Dimensional Problem

et B and 8 be twoe random variables, where R defines
strength and 8 the actions. Ther the limit stabe funciions
zy e defined as

ol -

Y »

in figure 1 the domain D 1 2 > 0 ) is the safe
domain and D is the fallure domain. The probability of
failures prs: is the probability that a point {(r.s) belongs
te 7. Once the statisbtical distributions of the vrandom
variables R and B are known the rnumsvical sclution of bhe
Following esguation will determing pe.
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Figure 1.06ecmetvic representation of safeby margin .
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F.82.Case of Normal Distribution

fAmasuming both variables. H and 8 have a Daussian
dismbtributions defining v arngd 87 as the mean values and o
arl s as standard deviations. the random variable £ owill
alse be normal with paraneters
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Thens with Fe the cumulative normal distribution function

e o= FOLOF 0 om o {0
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Introducing the standardized variable
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#Z.d.Central Safety Factor

The central saftety factor s defined as

£
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-
i
3
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Dencting the ceefficients of variation of B oand 5

:

Cpe = T 7T @yl O = Ty /ow®

o

and rearranging the squations the central safetb
be expressed in a convenlisnt form

#

3 . G R f e P Y 7 1 B e -
I+ [ g8{ci. +4 i} oo i, ]

v Faohor

;_i - F—3 asvss susns senes susns sesed avers sasss Fesbe srbes S4sss Sbsad Sebes sense SeMe SleRS ARese Seved SHASS GAFH SRASE ASAS SELAG SRS S4AA SMRek S0Des MeALe SOARS SUISH SHIRS SASG ARSRD SMRK S7ise bEed Shess Senah Shese Seate beras

i 0~ fig.®

This corvelation bebween & and Ko de often used by sever

avtthores for different values of - and Cm.

g

ZohCharactevistic Safety Factor

In addition to the central safesid

factoy ancbther

\yl
tvpical parameter is uvsed o classify the structural sa

id oy . g e
Fie ™ Vo,on /0 %o,

Where ro.os 1% bBhe value of vy excesded in 54 and

the value of =
safeby factor is alss defined in other wavs

sasded in only 5%, This characteristic

Fye = (™ = 1 . 645 vm o) /F odam 4+ 1 64B..am, o)

Bre = fHo, = 1688 B, o) /{1 4+ 1,648,010



Level o HMethod

ol cliand-Hasofer Maethod

With Level 2 asethods. safety checks are made alt s
inite number of peints of the safety domain boundary. in
he case where this check is made at only ong point. the
varamster o bhe debtermined ls the sminimum distance betwe
h& oyigin of the syvstem of coordinates of the vardom
riables to the boundary of the safety domain. It is
T ﬁlbie o associate with this distance & precise mesaning
in terms of reliasbility. & ¢ Qi?iﬂd@ derived from this
concept iz the Lind-Hascofer Minimum Distance meithod
described in reference & L0 31& i
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et X0 43 Zmeewass E4 dbe the vechtor of the basic
rarndom variables.: assumed to be uncorrelated: invoelvesd in a
given structural problemn. el 2 0= 0 (Mas HM@soosnns Aﬂ} = i)
= bhe boundary of the ﬁafaty uﬁmﬂiﬁ. The valuss of
53 ) tisty the insgqualiby

-
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belonging te the failure do

The mw+hmd conslests v projscting @oin the space of
standardized variables defined as

P I T R LI SR o T
arnd measurings in this spaces the minimuan distance § of the
transformed surface @ { Wi Umieenss Wem ¢ From the origin of
the sues. 6 design is regarded rellable F £ 2 4%, @@
prescribed by an appropriste code provision. in gecmetrical
terms. the hypersphere having radius 8% and with center at
the origin of bthe axes o, is vequired to lie within the
transformed safety domain, The justification for such
method iz that mest of the joint probability density of the
variables irvolved will sentrated in the hypersphers
mavivg radius &Y and tha sopdently 1t will be ssscocliated
with values of vector X belonging te the safety domain.
Mathematicallys the problem o be sclived is

o= mim { D wEFg, e
arnd

o { Llas Wlses o n e au Llgg bom i




of Lingar HSafedby Margin Function

the safelby houndary
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Figure Z.beocmsivic interpredation of relilability index &.



SG.8.81gorithe for the General Froblem

probien it can
reference to x. of the point e

and that u*, = # @,

Then a typical design problem. wherse an unknowen
deterministic parameter & is to be found such that a btarget
e obrbained,. e scelved ibterabtlively:

“
EX

mafety level

1y Fixw & value of @9,

2y mabtimate ™.
31 compute o, using gliven egquation,
43 calculate m, = WM

* PR S« SR R S,
2oy osoalving g (o o= 0 and

21 determine

v
&1 repesat steps 3 bo D ountil cabrle value of o and »2*

ars ohitainsd.

Level 1 Method

.1 JOharacteristic Valuss

=0} in bhese technigues
of &

The nominal paraosters us
are the characteristic values. defined as fracitiles
nredetermined order of the respecitive distribution
functions., They are low for the mechamical maberial
bies: . g. 0.08: and high for the sobions, &. 9.

The faillure oritericon is expressed in terms of the

Following supression
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safeby ig checked by the verification of the

Following inequsallby
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where e v o= 1y Faae.s B} oare bthe vesisting variables
B 8 = Pdlaeaaaz: Nl are the actions
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Mg LT = s Mae...en PY}oare the characheristic

valuss of the resishing variables

Haw 18 = Ptlaana. nd are the characteristic
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The example of ol
itilustrate bradit
Figure 3 find Goewige #with & safety
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Set.Determination of Frobability of Failure

Some assumptions must be made to shoriten the
0 3u%3ﬁn and to face the lack of reliable data. The type of
distribution is considered normal for the basic random
variables. The formda uwsed to defiy the ultimate load is
the described in 3.1l aldhoeugh cother more accurate
expressions may be Found in curvent literabure. @. g
reference 10. The variables are assumed to be independent
from each cther. The adeopited basic vandom varliables are

W = M y w1 NS =
Ax T PNy s Am & dey AT Am ™ Lldew s g

@ meEan values are s itis! e the specified values., The
andard deviations for the =s0il parameters were devived

from references ©.3 and 7, albthough with uncertainty, and for
the load. sssumsd as deads from reference 4.

Th
=t

jon erae L o e s - ae oape preet) &y 5 ¥
Foeq 138 e = 10 s T = Fa 700 1hb
Py o= S5, T o= B0 s WM = FFLO1H Ib

The saftety margin: = is linear on the variables but the
nrocess desoribed can h@ used with any type of fuﬁatiaﬂ E:3:
shown in example 5.5 of reference 1.

Magae Hom

and  as = 1

sdardizing bthe varlables

Fauns S
L
Py y - i B 3 1

Ly o= g o~ &G S 13

:

W o= (Mg - SO/

P
l‘."

oy ooy

+

Um = fwgm — FFLO18Y 5 WA

&

ard rewIACqu it the function 2. the egquation of the fallurs

hvperplang | . v
¥ G )g‘, . ";, .

..... L)

AELLEw o+ Lwanmug - RO U b ThaWAT =

Applving the formula for the cesing divectors: o, in
function of the standavdized function z. the valuess are

Fobs e owm o~ PO.OP4 /b oand me ow FT70E 7 0k

The comstant bk ie found since of 4 & o ®m + o%g = 1.,

The reliabhility index is



T , o e N T
@ o= LA{76:%67) o SEBTE TR 70ER)
1 e
# o=

fsscciated with this value is a probability of failure of
pae o= Hadow 10O

The procedure here described s valild fovr oall
nes of failure funchtions and the simplified formulas for
perplanes were not delibevrately wsed.  In the : f
reing a nonlinesr function € oand o are Found iheratively or
using any algorithm for unconstrained minisization.

s 3 T v ode

LA Evaluation of

2hy Facthors

Amsuming that & reliability index of 4,
arresponding to & pe o= H.3¥10%, and the 2
g medified to obtain this reliabiliby indesns 41Hd Ehe
adeguate Mg and s the partial safety Factore to be used
it analogous conditions.

x"s

b

Unbnmowrs: Mage Pomg: Fere and B eo. i Mg = 1.
The sensitivity ceefficients are derived in accerdance with

the method described in reference 18, problem 11.3.

Ohag O,y 0 Dipgey O DRI i e = 01,

i

e critical design polints corresponding o Zmams 18

Mo* = &% — {(0,381) (a) (13 = 47,79

i\i‘“"‘ me 0 - i BIY O Ay (i Ry om PRI 1
e = PRL0LE ¢ {0.7Y 04 {TFLTDEY = BELBES 1b

5

.i”;'nﬂ\lm = AR S LT o= 1L G

ey gy

- 7 A
Heoatiey = Lot} /7 b, ue = of. 7w

P 1 3{3

Fem = FE,584 7 772018 = 1.

%

o

Mg may Found from the sguation of the feilure hyperplang
(L.EBE) (77,018 = B.009, 68N, /8,78 + (30,14310468)/71.36 + S1,546
P e

- s

Using Level 2 simplified method for the lingar



pointed oud in
pile strength

The choilce of the adeguate probability of fzolure
for sach tvpe of designed structure has been bhe object of
seearah.  The method ol ted in o reference 1 is the ons
proposed by the Constructicon Industry Fesesarch and

.I‘I‘lil

Information Asscecliations London published in 1 e

where - 1 deperds on the tvpe of buillding

Domesbic.
ﬁl1dm@%,nnuu,nuua".g,nuau.,“.n,,.1,5“,uuuﬁnd

Towers:s mashtes offahore struCbUreS . o e or s s o

i
—d
Lo

i

g the life period of the structure.
- . is the mnumber of people invoelved.

The methods to calibrate the partial safeby
factore to be used in codes are describsd in (hmmﬁﬁr i1 of
reference 18 & particular flowchart for the
usad in BE D0 ie presented.  To devive the partial s
Factors boe be used as Level 1 method sufficient data mus
e chtained from a complete survey of scil paramebers. 1hia
wi?i ﬁrqgtiﬁally inoreass the number of basic random

variables For fthis resast and alse due to bthe correlation
of most of these parvametsrse. the complexity of the solution
will rise substantially. Ther collecting the dalas
statistical and preobabilistic analvsis of these valuss will
folliow to transform it in partlal safety factors. Howsvers
it for a particular proeblem. the significant statistical
paramsters of the scil and lead are known, Level 2 methods
may be used to Find the reliability of that pile on that
particuiar situation.
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