Basic Problem Formulation

.l .Definitions for a Twe Dimensiconal Froblem

Let B and 8§ be twe randoem variables. where F defines
strength and 8 the actions. Then the limit state functions
za is defined as

)

’

In figuwre 1| the domain D ¢ z > O ) is the safe
domain and D° is the failure domain. The pirelaty il 3ty of
failure, pry is the probability that a point (ra.s) belongs

X te D7, Once the statistical distributions of the random
variables R and § are known the numerical solution of the
following equation will determine pe.
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2..Case of Mermal Distribution

Assuming both variables. K and 8, have a Gaussian
distributions defining r™ and " as the mean values and T2
and g as standard deviations. the randem variable & will
alsc be normal with parameters

s

T o e e o gyl e, = (@2, 4 g2 )W

1 <

5



Theny with F. the cumulative normal distribution function
Pr =P { 2 £ 0 3 =F, {(O)
Intreducing the standardized variable
= (g -z /g,
and s

(B/f 2R e = (™ - g™y S g? b gl )
then N .

2.3.Central Safety Factor
The central safety factor is defined as
Pa = r’"l / em
Denctiviy the ceefficients of variation of R and 5 by

Cv = @ 7/ ™ and Cew = Og 7 s

and rearranging the equations the central safety factor may
be expressed in a convenient form
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This correlation between @ and Ko is often used by several
avthors for different values of o and Cw.

.4 Characteristic Safety Factor

In addition to the central safety factor ancther
typical parameter is used to classify the structural safety

Fre = ro.oms / So.os
where ro.om is the value of v exceeded in 25Y% and So.os 15
the value of s exceeded in only S%. This characteristic
satety factor is alse defined in other ways

Fae = 4™ -~ 1.645.vrm.c) / (™ + 1.645 .87, c,)

B = Lo — 1.868.Poer,-) /7 (1 + 1.645.0.)



F.2.Case of Linear Safety Margin Function

In a great number of cases the safety boundary
domain is linear and thewn

zZ = @ % Haws Hmosesown Hpy )

= b b D Aaedae

Thens ¢ can be immediately determined as follows

wen
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and the distance of this hyperplane to the crigin of the is
el =<E F azuum™ + b ) /L2 aZ2,.on2, 1%

A geometric interpretation for a twe dimensional
case is given in figure €. Expressing in terms of the
standardized variables is the same as replacing the
hypersurface by the hyperplane passing through F*. point of
minimum distance.

Figure &.Becmetric interpretation of reliability index 3.
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Level & Method

d.lLind-Hasofer Method

With Level 2 methods. safety checks are made at &
finite number of peints of the safety domain boundary. In
the case where this check is made at only one point. the
parameter to be determined is the minimum distance between
the origin of the system of coordinates of the random
variables to the boundary of the safety domain. It is
peossible to asscciate with this distance a precise meaning
in terms of reliability. A technique derived from this
concept is the Lind-Hasofer Minimum Distance method
described in reference &y 10 and 11.

Let X0 Xas Xmawoos ¥Xm dbe the vector of the basic
random yariabless assumed te be uncorrelateds invelved in a
giver structural problem. et 2 = @ (504 Menessan Hp) = O
be the boundary of the safety domain. The values of X
belenging to the failure domain will satisfy the ineguality

2 =03 ¢ vy £ O
The methoed consists in projecting z in the space of
standardized variables defined as

iy = sty = mm, ) s

and measwrings in this spaces the minimum distance ¢ of the
transformed surface g ( Uiy Umsewaws Un ) From the origin of
the axes. A design is regarded reliable if @ 2 @g*, =
prescribed by an appropriate code provision. In gecometrical
termss the hypersphere having radius 8* and with center at
the origin of the axes W is required to lie within the
transformed safety domain. The justification for such
method is that most of the joint probability density of the
variables invelved will be concentrated in the hypersphere
having radius 2% and that consequently it will be asscciated
with values of vector X belonging to the safety domain.
Mathematicallys the problem to be scolved is

_____ - B o= min ( & u, )=

g { Wlay Wase o nwes Llpy Y = 0



F.3.081 gl the for the General Problem

For the general problem it can be shown that the
divecticon cesines o, in reference to %, of the point P* are
givern by

3
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and that w, = # o..

Then a typical design problem, where an unknown
deterministic parameber @ is to be found such that a target
safety dpuel s ebbained. s scolved ibevatively:

1) fix a value of @,

21 estimate .

3} compute o, using gliven eguaticon.,

4) calculate s, = MM, b Ry @ g

5) determine 9 by solving g ( x ) = O and

&) rvepeat steps 3 toe 5 until stable value of & and g
are cbtained.

Level 1 Mebthod

4.1 .Characteristic Values

The nominal parameters wsed in these technigues
are the characteristic values., defined as fractiles of a
predetermined corder of the respective distribution
Ffunctions., They are low for the mechanical material
properties,. e. g. 0.0%5, and high for the actions. e. g.
0.95. The failure criterion is expressed in terms of the
following expression

@ L%e dewan }':h:l‘éih-l-j_!---u-,ﬂ My ) < i}
and safety analyesis is checked by the verification of the
following inequality

0
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where P v = 1y 2y.0.s h) are the resisting variables
K (5 Mtlsweeesr M) are the actions
Hew 7 = 1y Ba..0e3 ) are the characteristic
values of the resisting variables
Hate (8 = hitly.wees M) are the characteristic
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values of the actions

Pme &re the partial safety factors for the
resisting variables ( & 1 )

Pram are the partial safety factorse for the
acticnms ( =2 1 )

4.2 .General Considerations

These are the basis of present day codes that use
probabilistic concepts. These methods could be in the
future replaced by the Level £ methods it an agreement was
chtained in the following issues: selection of basic random
variables for =sach specific problem, their distribution
types and relative statistical parametersi form of the
variocus limit state eguations and choice of modelss
cperational reliability levels to be adopted in different
design situations. Howevers it must be underlined that the
advantage of Level 1 schemes over Level 2 are thelr great
operaticonal simplicity due to the use of fixed and
constant partial safety factors for a given class of design
situation. The main disadvantage of Level 1 is the
selection of partial safety factors for a given structuwral
class in such a way that the efficiency of the method
preposed is satisfactory. It must assuwre that the deviation
of the reliability of & design made on the basis of the
adopted ceefficients from the desired reliability level laid
down in the code should be acceptable, sacrificing accuwracy.

From reference 11, the probability of failures peo
ard the reliability indexs @, are within certain
approximations related by

% pe = 1 - g { 2 )
where ¢ 1s the function of standardized cumulative nocrmal
distribution. With this relation and expressing Fam and fe
in terms of functioconal relations of the random variables,

these partial safety factors may be derived from a Level 2
proeblem as shown in an example of next chapter.

There are other procedures to find partial safety
factors depending on the decisions of the code commititees.
Te illustrate these differences some examples may be
analysed fraom the ones presented in references 5,8 and 9
applied to the design of reinforced and prestressed
concrete structures. ;
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& fpplication to FPile Desion

H.1.Classical Design of a Pile

The example of class given October. 31 is used to
illustrate traditional design. For the pile described in
figure 3 find Gowwien with a safety factor of 2.

l GQAGWghz

Medium dense sand

LaTaswei ﬁﬁ\\ T T TITSN<77
v G vk oBel ¢ . . weight (w) = 128 pcf
ok -4 r -
. .. o Mg = &9
v . b o ‘
) ‘Lt;\ ¥ e B Mg = 30
2 5 N 3 .":'p !
R B X De: = BD.diam
5L = o 8 / 5
el .
o =
24 A fo = 0,95
i

tan & = 0,45

Figure 3.File parameters.

B = Besp * Berrscoian

Oesp = w r2 (0.3.w.diam.Mg + w.De.Ng) =

H

= g{0.2)20(0.3){128){1){65) + (1288){(20){50)]
=102,491 1b

Urrictsian = & kotand.w.diam.l. =

M= {0L95)(0.45) W (B0 LIEB IR0 / 2 + 1 /7 2]

= 513546 1b
G = 102,491 + S1{54é = 154,037 1b

Uomwiagn = Gu / F.8., = 154,087 / 2 = 77,018 1b
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S.2.Detgrmination of Frobability of Fallure

Some assumpticons must be made to shorten the
solution and to face the lack of reliable data. The type of
distribution is considered normal for the basic random
variables. The formula used to define the wltimate load is
the described in 9.1, although cother more accuwrate
expressions may be found in cuwrrent literatures, e. .
reference 10. The variables are assumed to be independent
from each other. The adopted basic random variables are

)‘:1 w2 Nws X;:a == Nq ancd X:,a‘ = (:‘.c;lmwj,gﬁ

The mean values are assumed to be the specified values. The
standard deviationsg for the soil parameters were derived

from references .3 and 7, although with uncertainty,. and for
the locad. assumed as deads from reference 4.

oy o

10 and o.m = 7.702 1b

i

Wpgn =5 1:3" Woea

H

TRMy o= A8 MM o= B0 and  umy FFL018 1b

The safety margins =, is linear on the variables but the
process described can be used with any type of function as
shown in example 5.5 of reference 12.

i

R

B+ 3,.%1 + 8p.¥a ~ Bop.doe

[

b = 51.546 1lbs &y 30,144, ae = 2009.6 and as = 1

Standardizing the variables

Wy = (x4, - &TH) 7 13

= S 7 10

i
-~
P
Hi

Ll
Ug = (Mg — 77.018) 7/ 7.702

and replacing in the function z, the equation of the failwre
hyperplane is . A

v “?ﬂay azgﬂ )ﬁs

391.87u1 + @0, 090U ~ T2708Un + THFET = O

Applying the formula for the cosine directors, oa s in
functicon of the standardized function z., the values are

%y = = BP1.87 / ks Xxe = - 20,096 7/ k and oe = 72702 / k
The constant k is found since ¥, + 2% + % = 1.
,!..
b= 21525

The reliability index is

g2



R = LL76:767) (L5851 7. {B391.87* + BD,OP6™ + 7, 708%)

3 o= 3,58
Associated with this value is a probability of faillure of
pr = 3.4 % 10O~
The procedure here described is valid for all
types of fallue functicons and the simplified foroulas for
hyperplanes were not deliberately used. In the case of =
Being a nenlingar functicon & and o are found iteratively or
using any algorithm for unconstrained minimization.
5.3.Evaluation of Partial Safety Factors
Assuming that a reliability indesx of 4.
corresponding to a pe = 6.3¥107%, and the parameter N, may
be modified to obtain this reliability indens. find the
adequate Mg and alse the partial safety factors to be used
in analegous conditions.
”ﬁUnknmwna: Mas Pmmng: Fong and Pea. Assume Mg = 1.
The sensitivity ceefficients are derived in accordance with
the method described in reference 182, problem 11.3.
Tngey  + Om P g
g = o~ 0.331 8 e = - 0.8 1 e o= O.7
The critical design pointy corvesponding o Bmawms 18
Mg* = &5 -~ (0.331) (4) (13) = 47,79
Ma™ = 1.0 - {(0.8) (4) (0.8) = 0,34
G = F7,018 + (D,7) {(4) (7,708) = 98,584 1b
S the partial safety factors are
Fmmng = &5 / 47,79 = 1.36

Poma = 1.0 / 0.36 = 2.78

Feo = 98,584 / 77,018 = 1.28

Neg _may found frem the equation of the failure hyperplane

(1.28){77,018) = 2,009.6N,/2.78 + (30,14){(65)/71.36 + 51,546
Ny = 63

Using Level 2 sinplified method for the 1inear
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case, the present value of # i1s evaluated.

~77»018 4 (@009, 6)163) + (Bd,1&)isS) + Si.S568

fl B s s i A i 1 1 0 1 ] i 0 0

EL@,009.62)(12.62) + (3D.142)(132) + 7,7282]

#f = 3.89 8 4 {ok)

.. inal Considerations

fre already pointed owt in clase the sensitivity of
the strength of the pile strength is higher for the
parameter Mg,

The choice of the adequate probability of failure
for each type of designed structure has been the chject of
research. The method cited in reference 1 is the one
proposed by the Constructicon Industry Research and
Information Asscciaticons London published  in 1977.

Pe = 10" U4 T / L
wheré =~ U depends on the type of building

Flaces of public assembly. dams........0.005
Domestics office, travel & industry.....0.08
BT A OER 00000000 090905000599 05 80838000 000005

Towers, masts, offshore strucbuires. o n e se s o0
- T i the life pericd of the structure.
-~ . is the number of peeple invelved.

The methods to calibrate the partial saTety
factors to be used in codes are described in chapter 11 of
reference 12. A particular flowchart for the coefficients
used in BS 5400 ie presented. To derive the partial safety
factors to be used as Level 1 method sufficient data must
be chtained from a complete survey of scil parameters. This
will drastically increase the number of basic random
variables. For this reasen and alse due toe the correlation
of most of these parameters, the complexity of the solution
will rise substantially. After collecting the datas
statistical and probabilistic analysis of these values will
follow to transform it in partial safety factors. However,
if for a particular problems the significant statistical
parameters of the scil and lecad are knowns, Level & methods
may be used to find the reliability of that pile on that
particular situation.
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