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ABSTRACT

Structural design parameters are random in nature to various extents. Deterministic method not
able to address the randomness of these parameters related to material property (yield stress,
modulus of elasticity etc), geometrical property (element’s c/s area, moment of inertia section
modulus etc) and loads. Subsequently Limit State Method considered the probabilistic
approach considering the randomness of these design parameters. However, the effect of these
parameters is not able to address the safety of the structure in a component level.

Reliability based approach may address the safety of the element in a much better quantative
manner. Even in case of indeterminate truss the sequence of elemental failurei.e critical failure
path seems to be significantly important from safety aspect and timely intervention for retrofit.
Many times unnecessary expenditure is incurred for overall retrofit. Reliability estimation and
subsequent detection of critical element provides direction towards better retrofit.

Therefore the objective of study is to reliability estimation of the structural elements of the
truss. Reliability estimation of truss has been made in terms of evaluation of reliability indices
both at the component level aswell as at the system level. Evaluation of critical failure path of
the truss is aso attempted based on reliability approach. A generalised code in MATLAB
platform for linear elastic analysis with incremental loads and subsequent estimation of
reliability indices of truss element at component level and system level is developed. Based on
this reliability approach the focus is to detect the truss element which is more vulnerable
against faillure. Reliability estimation with variation of cross sectional area of one critical
element is also studied. Detection of subsequent critical elements based on abruptly declined
reliability indices is also studied. A nominal 20% of initial value of “E” is designated to
indicate the failure element.

A target reliability index is considered for the initial design parameter by trial and error
estimation.

One statically determinate truss and one indeterminate truss are considered for reliability
estimation at component level as well as system level. Determination of critical failure path for
another indeterminate trussis also considered based on reliability analysis.

It is noted that reliability index gradually reduces with the failure of different critical elements.
However, more study is required to sustain a generalised critical failure path.

Keywords: Randomness, Reliability Index, critical failure path.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL

The main objective of structural engineering is to design a safe structure and that has to
perform well within its design life. While designing any structural element that has to satisfy
certain criteria under applied load otherwise structural component will be considered as in
failure state. The response of the structure i.e member end forces, displacements are the
function of applied load, structural strength and stiffness. In structural design, the supply can be
expressed in terms of resistance, capacity or strength of the member and demand can be
expressed in terms of applied load, load combination and their effect. In case of truss type
structure the basic resistance parameters of an element are the permissible axial capacity in
tension or compression whereas demand of an element may be expressed as the member
internal force in tension or compression. From nodal deflection point of view, the capacity may
be expressed as the maximum alowable deflection and demand may be defined as the
deformation of the node due to load effect.

The aim of structural engineer isto design the structure in most economical and optimal way so
that the structure should satisfy all performance requirements within its design life. But
anaysis and design based on deterministic approach fails to address the randomness of the
design parameters. Since most of the design parameters involved in the design are probabilistic
in nature. The uncertainties includes randomness of load, material properties (e.g Young
Modulus, Yield stress, permissible buckling stress etc), geometrical properties(c/s area, length ,
moment of inertia, section modulus etc), uncertainties of theoretica models due to the
simplification of actual condition, etc. In case of limit state method of structural design, partia
safety factors are applied in load and resistance parameters i.e some probabilistic approach is
applied only in load and resistance parameters. Therefore it is important to perform full
reliability analysis of structure both in component level as well as system level to take into
account the uncertainties involved in structural analysis and design. Truss type structure will be

selected due to ssimplicity in analysis and widely used in the industry

In case of truss type structures the basic random variables are the nodal loads which may be
dead load, live load, wind load and various combination of loadsi.e (DL+LL), (DL+WL) and



load effect i.e internal force/ stress (tensile or compressive according to type of loading
condition) of the truss member. Geometrical property of the truss element i.e cross sectional
area, length, sectional modulus, moment of inertia, Mechanical property i.e Young Modulus
“E”, Yield stress, tensile capacity, compression capacity , load vs. deformation characteristics
are also considered as the random variable. Structural support restrained may aso be

considered as random variable.

There are many modes of failure in structural system since the structural elements may
experience various types of failure depending of structural configuration; loading condition
etc.it is not easy to find out the failure of structure composed of many elements. The failure
mode of truss element for ultimate limit states of collapse are axial tension or compression
failure.i.e only two failure modes has to be considered against ultimate limit states. In case of
truss type structure, the loads (random variable) are applied at the nodes and as a load effect;
internal stresses which are also a random variable (compressive or tensile according to various

types of load and their combination) are developed in the truss elements.
1.2 OBJECTIVE OF THE PRESENT WORK:

The objective of this thesis is to reliability estimation of the truss structures in terms of
evauation of reliability indices both at the component level as well as at the system level.
Using reliability based approach; evaluation of critical failure path of the truss structure is aso
the objective of thesis work. Development of a generalised code in MATLAB platform for
linear elastic analysis with incremental loads and subsequent estimation of reliability indices of

truss element at component level and system level is also the objective of thesis work.
1.3 SCOPE OF WORK:

The thesis focused on complete structura reliability analysis of staticaly determinate and
statically indeterminate truss structure. First order second moment (FORM) is used to
determine the component reliability of all truss structural elements. By estimation of the
reliability index at the elementa level, the probable critical failure path may be possible to
determine by making proper algorithm.

Following methodology will be considered for reliability analysis of truss.

1. Development of Numerical Model of selected Truss structure.



Consideration of Probability Density Function (PDF) of capacity and demand related
parameters. (Here al random variables are considered as normally distributed)
Calculation for of internal forces of elements due for various types of loading based on
finite element method with incremental loading and subsequent development of their
statistical model.

4. Development of Limit state functions for the truss elements.

5. Estimation of the safety margin & determination of reliability index for each element.
6. Estimation of the system reliability based on the critical load path.

This study is limited to truss structures where al the connections are assumed to be hinged.

This means the members of the truss act as bar elements which can only carry axia loads either

in tension or compression. Truss structures were selected for the following reasons:

1.

2.

Truss structures are simpler in terms of analysis, and in case of ultimate limit states of
collapse only compression and tension failure modes of each truss element are to be
considered.

Truss type structure is widely used in construction of bridges, towers etc. Therefore
reliability-based assessment of these structures is essential to judge their safety. The
reliability-based analysis of truss structure is also utilised for optimization of the

structural e ement.

The aims of the thesis can be outlined as stated below:

Development of generalised code in MATLAB platform for linear elastic analysis with
incremental |oads.

Component level reliability analysis of statically determinate and indeterminate truss
structures addressing all dominant limit state functions. Methods like FORM are used
in that case.

System level reliability anaysis (upto level 1) of dsaticaly determinate and
indeterminate truss structures by b -unzipping method.

Detection of critical failure path of the truss structure based on reliability approach.

5. Observations of changes of reliability indices of the truss elements due randomness of

cross sectional area of critical truss element and reduction of the modulus of elasticity
values of the critical failure element to 20% of initial value of “E” which is designated

to indicate the failure element.



Chapter 2

LITERATURE REVIEW

2.0 GENERAL:

Reliability based analysis and design of structure is essential for properly handle the
uncertainties presents in the consideration of loads, material strength, geometrical properties of
structural elements and other matters. Therefore reliability based structural design isincreasing
interest among the structural engineers. In this chapter review of relevant literature on

reliability based analysis of truss structures have been presented.

Y.Murotsu, H.Okada, K.Niwa, S.Miwa (1980) [1] Proposed method of systematicaly
generating the failure criteria of truss structure using Matrix Method. They proposed failure
criteria of both statically determinate and indeterminate truss. The failure criterion for statically
determinate truss is very simple and probability of failure can easily determine. For statically
indeterminate truss there are many possible modes or path to complete failure of structure. The
faillure probability is estimated by evaluating lower and upper bounds. The lower bounds is
evaluated by selecting the dominant modes of failure and calculating their failure probabilities
and upper bound is evauated by assuming that the redundant truss behaves itself like a
statically determinate truss. In determinate structures there are fairly narrow except when the
failure probabilities are presumed to be very low which will be good estimation of the failure
probabilities. They aso proposed formation of limit state equation for different modes of

failure.

In the conclusion they stated that, they proposed systematic method for generation of failure
criteria of the statically determinate truss or statically indeterminate truss for any type of truss
configuration and loading condition using matrix method of structural analysis. The failure
probability of statically determinate truss can be very accurately evaluated. They also proposed
to evaluate the failure probability of statically indeterminate truss by calculating lower and
upper bound. They also proposed that the failure probability is greatly influenced by inclusion
of buckling failure of the compression member.

R.Nakib (1991) [2] Performed analytical investigation into both in deterministic and
reliability based optimization of bridge. In reliability based optimization approach to design of
truss bridges, the uncertainties related to strength and loads are considered and analytically
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optimization of truss structure is done with the concept that minimum weight with structural
reliability constraint and minimum probability of failure with structural weight constraints. He
concluded that component material behavior can have a major impact on the optimum weight
of deterministic truss bridges.

A Karamchandani, X.A Cornell [1992][3] Performed reliability analysis of truss structures
with multi state elements. They studied failure path approach to identify important sequence of
elemental failure leading to collapse of structure and estimation of probability of failure. In this
paper, fallure-path approaches are extended from the two-state element representation (in
which an element is either safe or failed) to a multistate representation in which the element

has piecewise linear force-deformation characteristics.

Hong Li. Ricarddo, 0. Foschi[1998] [4] Proposed to determine design variables using
inverse reliability approach. By fixing the target reliability index, they proposed a method to
determine the design variables using inverse reliability method. They proposed both of single
and multiple design parameter problems. They studied this methodology with examples.

C.K Prasad VermaThampan and C.S Krishnamoorty(2001) [5] Performed system
reliability based configuration optimization of trusses. In their study the reliability based
configuration optimization of trusses with respect to member sizes and con-figuration has been
carried out using GA-based methodologies. The proposed methodology is efficient and capable
of performing reliability-based configuration optimization of practical structures by including

constraints pertaining to total or partial collapse and functional requirements.

F. Necati Catbas, Melih Susoy, Dan M. Frangopol[2008][6] Performed reliability
estimation of the main truss components as well as estimation of system reliability of the whole
structural system of long span bridges. They assessed safety levels of the truss bridges by using

probabilistic approach in terms of component and system reliability indices.

Dan M. Frangopol, Alfred Strauss, Sunyong Kim[2008][7] Proposed reliability assessment
of bridges based on monitoring. They proposed reliability estimation of the structura
component and structural system based on field monitoring data for detecting proper
maintenance, repair, rehabilitation strategies or replacement of the structure.as per evaluated

data of reliability analysis. They provide n approach for the efficient inclusion of monitoring
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data in the structura reliability assessment process and to demonstrate the use of monitored

data for the development of prediction models.

J.Renuka Kumari, K.V.Valsarajan [2016][8] Performed reliability based design and
optimization of trusses by Genetic Algorithms. Optimization is done with a concept that by
minimizing the structural weight and satisfying the reliability index requirement for every
failure mode. They concluded that reliability based design and optimization is very effectivein

obtaining optimal solution for frame structure.

Yogish C.B, V. Devaraj[2017][9] Computed, the reliability index for Pratt truss with post-
tension member of different profiles (straight, one drape and two drape) by method of
Advanced FOSM (Hasofer-Lind method), post-tensioning of truss as a technique of
strengthening and rehabilitation of structurally and functionally deficit bridges. Pratt truss with
post-tension member of different profiles are analyzed to compute reliability index, Load and
resistance factors using MATLAB function program by Hasofer-Lind method. They concluded
that the introduction of post tensioned cable in a pratt truss, the member forces and joint
displacement reduced significantly.by estimating the reliability of the element and compared
with the accepted target reliability for the failure mode and if computed reliabilities is lower
than the target reliability then the structure is less safe otherwise structure is safe.

K. Biabani Hamedani and V.R. Kalatjari[2018][10] Performed structural system
reliability-based optimization of truss structures using genetic algorithm. They developed a
logical framework for system reliability analysis of truss structure and simultaneous size and
geometry optimization of truss structure subjected to structura reliability constraint. The
objective of optimization is is to minimize the total weight of truss against the various

constraint i.e randomness of various design parameters.



21 CRITICAL OBSERVATIONS:

e Systematic method of failure criteria of truss structure has been defined by various

papers.

e Formulation of limit state function for different failure modes of truss e ement has also
been proposed. Consideration of mostly dominant failure modes al so suggested by

various papers.

e Failure probability of truss structure has been estimated by calculating its lower and
upper bound. Failure probability of truss structure is greatly influenced by buckling

failure of compression member.

e System reliability based optimization of has been proposed by various papers using
genetic agorithm.

e Deterministic and reliability based optimization has been proposed by various papers.

e Determination of design variables using inverse reliability approach is proposed by few
papers.

e Some paper proposed reliability analysis of component and system based on monitoring
aswell as observed field data.



Chapter 3
STRUCTURAL RELIABILITY THEORY
3.1 INTRODUCTION:

Factors involved in the design of any structure are not deterministic in nature that means of the
design parameters are random variables i.e these variables are following certain probability
distribution function, here in al cases al random variables are considered as normally
distributed. Structural reliability theory is used to assess whether the element in the structure is
safe or unsafe considering all the uncertainties and randomness associated with that element.
Using the concepts of reliability theory, the reliability index vaue corresponding to a
probability of failure that provides an estimate of the safety of an element.

While planning and design of any structure, the primary objective or basic criteria is that the
element wise supply or resistance of the structure should be greater than the demand. In
structural design, the supply can be expressed in terms of resistance, capacity or strength of the
member and demand can be expressed in terms of applied load, load combination and their
effect. The reliability of the structure can be defined as its ability to fulfil design purpose for
stipulated period of time i.e design period. Most of the structures have several numbers of
possible failure modes. While determining the reliability of structure all possible dominant
failure modes have taken into consideration. In structural reliability analysis, the first step isto
estimate structural reliability with respect to mostly dominant failure modes or in other words
probability of failure of structural elements or structure for various failure modes. And the next
step is to estimate the overall reliability of structure from system point of view .

The reliability of astructureisdenoted b and is defined as
b=(1-P)
Where P, isthe probability that the structure will fail during its design life.

Here level 2 method of reliability analysis will be taken for the structures .In level 2 method of
reliability analysis an approximation of probability of failure of the structure is obtained by
idealization of fallure surface and by simplifying the probabilistic data of the relevant
uncertainty variables. More advance method is the level 3 method is the probabilistic method

of analysis based on knowledge of joint distribution function of all relevant uncertainty



variables. Level 3 method of structural reliability analysis provides exact probability of failure
of structure. In the level 2 method the non- linear failure surface is approximated by a tangent
hyperplane at the point of the failure sur- face closest to the origin, when the surface has been
mapped into a standard normal space. Further, each uncertainty variable is characterized by
two parameters (usually the expected value and the variance) and the correlation between any

pair of variables is characterized by a single measure, namely the covariance.

3.2 Definition of Failure:

While defining the reliability of any structural element, types of failure/ modes of failure of
structural element is to be considered. Different types of failure mode of the element can be
considered in reliability analysis. Each type of failure types can be assessed separately and as a
result we obtained separate probabilities of failure or reliability indices of the element.

For different failure mode of the element, there will be specific limit state function or
performance function (safety margin) which provides specific reliability index corresponding
to a particular failure mode. In structura reliability analysis three types of performance
functions/ limit state function is considered in evaluating component level reliability index.

These performance functions are given below.
1. Performance functions based on ultimate limit state

In case of ultimate limit state, the performance function is evaluated for different mode
of fallure which is fall under ultimate limit states. In case of truss element the
performance function for ultimate limit state is the difference between tensile capacity
and tensile axia force[mode of failure tension] while the element is subjected to tensile
force and another limit state is the difference between compression capacity and axial
of force of element which are in compression[when mode of failure compression]. In
case of beam element, the number of failure element is higher e,g failure mode against
moment/shear at end supports , at any span against moment, and whole structure will
contain huge numbers of failure mode. Therefore while performing reliability analysis
of any structure mostly dominant failure modes have to taken into consideration.

2. Performance functions based on serviceability limit state



Serviceability limit states may also be adopted in structural reliability analysis. The deflection
of a certain element may not exceed permissible limit or the number of cracks developed in a

concrete element may not exceed a certain amount.

3. Performance functions based on fatigue failure

Fatigue limit state refers reduction of strength due to repetitive/cyclic loading. Due to the
cycles of loading and repetition of the applied loads an accumulation of damage and
deterioration can take place which may result collapse of the element. Fatigue can become a
serious issue especialy on railway bridges. Fatigue limit state is not considered in this

research.
3.3 Probability of failure and reliability index
3.3.1 General concept of probability of failure:

The probability of failure of an element is the probability of that the structural element will fail.
It may possible to find the probability of failure of an element (or even probability of failure of
the whole structure as a system) by stochastically evaluating the performance function of that

element relating to the considered different failure modes.

The variables involved in the performance function or limit state are random variables. It
means they follow a specific probability density function. The random variables are denoted by
capital letters (X) and their realization or sample values are shown with lower-case letters (x).
Mostly, the performance function has the following form when the ultimate limit state is

considered.
G=R-S

In the above equation R is considered as resistance (Supply) variable of the element and S is
considered as load effect (Demand) which is aso arandom variable of that element.

Both R and E are in terms of random variables and consequently G(safety margin) isalso in

terms of those random variables. It can be written in the form shown below. If the random

varisblesare X;, X,, X;, X,......X

G(Xy, Xy Xgs Xyorrreans X = R(Xp, Xy X Xgeroooar X, )= S(Xp, X o Xgs Xgrsranss X))
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When the performance function is defined the failure probability can be defined as the
probability thatG<0 . It is shown as P, =P(G<0).If the probability distributions of

resistance (R) and load effect (S) are known, then they can be depicted as shown in the
following Figure.

In case of truss, the failure mode may be tensile failure, compression failure. The ultimate limit
state of any truss element may be expressed when resistance (tensile or compressive) is equal
to the demand of the structurei.e the load effect.

For example let R represent the resistance (Tensile Capacity) and S represent the load effect
(internal tensile force of the element)

Then, the limit State Function or Performance Function for that mode of failureis

G(R, S) =R-S

When g=0 it represents the boundary between the desirable and undesirable performance
against that mode of failure.

If g>0,thenthestructureissafe

And g<0, the structure is not safe (undesirable performance)

The probability of failure P, isegual to the probability of undesirable performance will occur.
Mathematically probability of failure may be expressed as

P, =P(R-S<0)=P(g<0)

The structure is safe, if load effect is less than resistance and failure occurs when load effect is
more than the resistance of structure.

In case of truss type structure, there are several ultimate limit states according to various types

of load and their load combination.

The failure of structure can be expressed using various parameters X, X,, X,,......X, which

are load & resistance parameter such as Dead Load, Live Load, wind load, length, depth,
compressive strength, tensile strength, etc.

For example X, represent the difference axia tensile capacity and tensile internal force of the

truss element. X, Represent the difference axial compressive capacity and compressive internal

force of the truss e ement and so on.

Boundary conditions:

(X, Xy, Xy X, ) > Ofor safe structure
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(X, Xy, Xy X,,) = 0Boundary between safe and unsafe

(X, Xy, Xy X,,) <Ofor failure of structure.

Due to presence of uncertainty both in load and resistance parameters it is not aways satisfy

the design requirement of the structure. in simple case considering two variables relating to

demand of the structure e.g load on the structure “S” and other is the capacity of the structure

“R”. the randomness of R and S can be represented by their meanm,m, and standard

deviation s ands , and corresponding their probability density function fi(s) and  f5(r)

respectively.

Considering normal distribution of both resistance N(m,s ;) and load N(m,s ) and

if we plot probability density function vs resistance and demand in a single plot then
zone of failure can be detected. Another random variable Z=R-S can be introduced.

The distribution of variable G can be plot using norma distribution

N(m, —m,ysz+53) )

Then probability of failure can be defined P, = P(G < 0)

And reliability index is given by=b = (m, —m,)/ /(s 2 +S 2)

But the structure is subjected to various types of load and their combination and
according to that various types of failure may possible.

For combined load case, the reliability index for particular type of failure can be

determined by: (The primary loads are statistically independent to each other)

My = (M + M+ +...... +rrgn)+b\/s,§+(s;+s§2+s§3+ ..... s3)
Where b is the reliability index, my,m, ,m ,.....Mm, are the mean of different primary

load cases and sSg,Sg .S s ae the SD of loads and s, SD of resistance

parameter.

Assumptions for reliability analysis of truss:

1.

All the loads applied on the truss structure are assumed to be static and the response of
the structure is obtained by performing a static linear finite element analysis, thus the
dynamics are ignored.

Resistances of the e ements can be considered as random variabl es.
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3. Geometrica parameters C/S area will be taken as random variable. Length of the
element will not take as random variable.
4. Variation of nodal Loads at the nodes will be fixed type.

3.3.2 Normal Random Variables

One of the common distributions that can be used for a random variable is a normal
distribution. Normal distribution is the most important type of probability distribution in
structural reliability. Its probability density function follows the form:

1

= 1 X~ 2 — 0 0
fx(x)_sx\/Zexplz( s ]] < X<+

3.4 The Fundamental Case:

The reliability of a structure or a structural element is determined by considering only two
independent random variables related to load effect variable S and aresistance variable R and

limit state function isgiven by (r —s) =0 and element will fail when (r —s) <0. Thiscaseis

called the fundamental case and given in the following figure. The probability of failure P, can

easily be calculated in the following way. The probability of the event that the load effect Slies

intheinterval [x - dx/2; x + dx/2] isequal to f (X)dXx . Failure occurs when the resistance R is

lower than x, and the probability of thiseventis F,(X) considering independence of the

variable S and R and assuming that the load is in the interval shown, the probability of failure

+00
isF,(x) f,(X)dx . Therefore, the total probability of failureis Pf = _[_OO FR(X) fS(X)dX_

’ i), fgis)

load effect 5 resistance R

Fig:3.1 The Fundamental case of Reliability
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3.4.1 Thefundamental case of reliability

If R and S are independent and normally distributed N(m,s ;) and N(m,,S ) thenthe
probability of failure can be exactly calculated. Let M =R - S. Then M is normally distributed,
with m, =(m,—m) ands? =(s2+s2)

P, = P(R-S<0)=P(M <0)=f (C);—”“)zf =Tk

o 2 2
M S¢ +Sg

Wheref isthe standard normal distribution function.

For the fundamental case the reliability index b is defined by: b - M (for un-correlated
M

random variables)

Where M= R-S is called the safety margin, m, and s,, the mean value and standard deviation
of M.

P, =f (-b) < b = (P)

Reliability index for correlated random variable R and S is given by in the same form but

standard deviation of M isgivenby s 2 =s2+s2-2r s s
where r isthe correlation coefficient. The correlation coefficient r pisdefined by

. _COV(RS)
S R'S S

Where COV (R, S) isthe covariance of R and S.

3.5 Methods of Structural Reliability Analysis

First order reliability methods are one of the common and effective ways of reliability analysis.
These methods were developed based on the so-called “second moment™ methods that were
mainly developed by Cornell.
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3.5.1 First-Order Second Moment Method (FOSM)

If the limit state function M = f (X, X,, X;,..cc..... X,) is linear that is expressed in the

following form:

M=a,+a.X +a, X, +a,.X;+........... +a,.X

Where 8,,8,,8,,8;........... a, are constants and X,, X, X,, X5 e X, are the normally
distributed uncorrelated basic random variable.

The fundamental case with safety margin M=R-S is the special case of linear safety margin
where 8,=0,8 =1& a,=-1

The reliability index will be given by: b = T4
S

M

Where m, = a, +a,.m +a,.m + a,.M +............ +a,m =3a,+>. a.m
i=1

And s?2 =(a,S,)°+(8,S,)* + (8,5 5)" +crrrereene. +(a,5,)° =Y (as,)’
i=1

Or sy :dzn:(aisi)z

When the normally distributed basic variables are correlated, then m, will remain unchanged

but s,, will be changed in the following form:

S{ =(8,5))"+(2,5,)* + (85 35)" +errrerenne +(@,5,)° D, D Txx, 888 xSy,
i=1 j=1,j#i
COV[X,, X.] . y _ .
Where 1, =————""is the coefficient of correlation between two random variables

SxSx,

[X,X,] .

The above stated equations can be expressed in more convenient way using vector and matrix

notation.
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Var(X,)  COV[X,X,]... COV[X,X,]
COV[X,,X,]  Var(X,)  COV[X,,X,]

.COV[Xn,Xl] L | Var(X.)

Then Limit State function M will be given by:

T

Q|

a, +
a'.

T

Q|

M _
my My

2
SM

ol

a

The probability of failure P, = P(M < 0) = 0(°=") — a>(-b)
S

M

If the limit state function is non-linear, then the limit state function needs to be linearized. One
method for linearization of limit state function is Taylor series expansion. If the Taylor Series

isonly expanded up to the derivative of order one, then it will lead to alinear function.

Let the safety margin M be non-linear and given by:
M = f(X)= (X, Xy, Xgpumrmnnns X.)

Then by expanding M in a Taylor series about linearization point X, = (X7, X3, X, .......... x) and
accepting only linear term we get:

o - df
M = f(X) =f(X,)+ >, —(X; - %)
i dX
Where the derivative :—f i=1to n are evaluated at linearization point X,.
X

Approximate value of m, and s,, can be calculated using following equation:
oy df 0
m, =f(X )+Zd—(mAi -%)
i1 X
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n

And s, ;ZZ“:
=

o

f .ﬂCOV[xi,xj]
X dX

o

The b vaue obtained for a non-linear safety margin will depend on the choice of linearization
point. The better way is to obtain most convenient b value is to use mean point
(MMM m ) as alinearization point. This is a very rough method of Reliability

Index calculation due to existence of invariance problem.

3.5.2 TheHasofer and Lind Réliability I ndex:

The Hasofer-Lind method is a method that was introduced in 1974. This method was proposed

to solve the problem of invariance observed during reliability index calculation.

Consider the fundamental case with independent basic variables R and S and the safety margin
M =R - S. Let mean value of resistance variable R is m, and mean value of load variable is
m, and the standard deviations are Sy and S respectively. Now transform the normally

distributed random variable R and S into standard norma random variable whose means are

zero and unit standard deviation.

SR SS

The failure surface f(r, s) = r - s = 0 will by the transformation be transformed into a straight
line in the normalized (r', ) coordinate system. The failure surface in the (r', s) coordinate
system is given by:

Spl' =S .8+ (m,—m)=0

The shortest distance from the origin to this linear failure surface is equal to:

Sp0-Ss0+(M-m) (m-m) _,

[ 2 2 [ 2 2
Sg+Sg Sp+Sg

Therefore, an aternative geometrical definition of the reliability index b is the shortest

distance from the origin to the linear failure surface. This geometrical interpretation is here

17



shown for alinear safety margin with only two basic variables but can easily be extended to a

linear safety margin with n basic variables.

failure region

safe region

Fig:3.2 Transformation of failure surfaceto standard normal failure space

3.5.2.1 Hasofer-Lind Rdiability index for n-dimensional failure space for n-nos basic
random variable:

It is possible to determine Reliability Index b from non-linear equation of safety margin

which is afunction of n numbers random variable.

Let the basic variablesbe X = (X, X,, X;,.rerrunnne. X,,) and the (non-linear) failure function

f":wnR, where w is the n-dimensional basic variable space. Further, for the sake of

simplicity assume that the basic variables are uncorrelated, i.e. the covariance matrix is

diagonal
sy 0.. 0
c-| 0 !
0 s

where s, isthe standard deviation of basic random variable X;

Let m isthe mean value of basic random variable X
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Let Z=(Z,,Z,,Zgccmmmunn Z)) is the transformation of basic norma variables
X = (X, Xy Xgyerreerenne, X,)

The random variables are normalized in the sense that m, =0and s, =1

The failure surface given by F(X)= Oin x-coordinate system is by linear transformation can

be mapped into failure surface @)= 0in the reduced coordinate (z-coordinate) system. By

transformation the mean values "X — (Mo My s My m,) is mapped into origin. Therefore
origin-O in the normalized z-coordinate system will usually be within the safe region. Further,
the z-coordinate system has an important characteristic, namely a rotational symmetry with

respect to the standard deviation.

failure region

O

3

safe region

failure surface I'i.fl. tg) = [£]

Fig: 3.3 Transformation of nonlinear failure surfaceinto standard normal failure space

Non-linear failure surface is due to non-linear relation between Z, & Z,

The Hasofer and Lind reliability index b is defined as the smallest distance from the origin to
the failure surface in the normalized z-coordinate system. Thisis shown for atwo- dimensional
example in the above figure, where the reliability index is equal to the distance OA. The point
A is called the design point. Clearly, by this definition the reliability index b for a non-linear

failure surface is equal to the reliability index for the linear tangent hyperplane in the design
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point A. The linearization point must be the design point. By relating the definition of the

reliability index b to the failure surface and not to a failure function, a reliability measure is

obtained which is failure function invariant since al equivalent failure functions result in the
same failure surface in the x-coordinate system and therefore, also in the z-coordinate system.

Calculation of the reliability index with a non-linear failure surface will be done by an iterative
method.

The minimum distance from the origin to the limit state surface (b ) can be calculated as

below:

If (x") is considered as a vector including the coordinates of the design point in the

transformed (reduced) coordinate system:

b =y(z")".(")

In the case of a nonlinear performance function, the problem becomes an optimization
problem. The objective of optimization is to minimize the distance from the origin in the

transformed coordinated system to the limit state surface to obtain the so-called design point by
minimizing above equation (b =/(z")".(2") )

To solve this optimization problem the concept of Langrange Multipliers can be used. It will

lead to the following expression to calculate thevalueof b :

ST Lo [
2@

5L dg
B9

The expression (j—g)* is the partial derivative evaluated at the design point, where the
4

coordinates are(z} ,z, ,zj ,.cvveeens Z'") . In other terms, it can be said that the design

point can be obtained from:

Z=-a.b
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And &, can be defined as the directional cosines along the U, coordinate axes.

a, can be calculated as below:

The value of the design point in the original space can be returned by using equation:
X = m -a;.bs,

The procedure to find out the design point was suggested by Rackwitz is given in the following
sequential form:
i) Determination of the appropriate limit state function.
i) Making of preliminary guess for the design point. Usually it is recommended to use the
mean values of the random variables as the preliminary guess.
i) Caculation of the transformed random variable by using equation:

iv) Calculation of the derivative (%)* at the design point as well as the directional

cosine a,
v) Using equation z" =-a,.b to obtain the design point z" in terms of reliability index.

vi) Substituting the value obtained in the previous step in the limit state function (LSF),
And solveittofind b (notethat LSFisintermsof b , and by solving the LSF for b

the reliability index is obtained).
vii)Using the b value obtained in the previous step, calculate a new design point by

utilising equationz” =-a,.b .

viii) Repetition of stepsiii) to vii) until the reliability index value converges.

Thefailure surface will begivenby f(z,z,,z,........ z)=0
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Fig: 3.4 Non-linear failure surface f(z,z,)=0in the two dimensional reduced
variable space

Matrix procedure to determine component reliability index of any structural

element:

1. Formulation of appropriate Limit State Function (Performance Function) of the
failure element and determination of appropriate parameters(Expected value,
Standard Deviation, Correlation coefficients etc) for all associated random
variables.

2. Obtaining initial design points (x,’) by assuming values for (n-1) random
variables X, (mean value will be reasonable as a initial choice). Solving the

limit state equation g=0 for the remaining random variables. This is ensure that
design point liesin the failure boundary.
3. Caculation of the transformed random variables(reduced variates)

corresponding to the design points X by using equation:

4. Determination of the partial derivatives of the limit state function with respect to

: . . dg dg, dX, dg
the reduced variates using the equation = ) )=
reduced variates using the equati (dZi) (dxi)(dz.) (dxi)sxi
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Gl
GZ
GB
G=«. where G = _3_5 to be evaluated at design point.
Gn

. Estimation of Reliability Index b using following formula:

z
(G) .(z) ;
G)'.(Z ;

b=-2 ) \here |Z
J(G)'.(G) z =9

7

. Cdculation of column vector containing the sensitivity factors using following

formula
e
(G)'(G)
. Determination of new design point in the reduced variates for (n-1) variables
using
Z =a,b
. Determination of corresponding design point in the original coordinate system
for (n-1) valuesusing X =m, +7 S
. Determination of remaining random variables by solving limit state function

g=0

10. Repetition of steps 3to 9 until b and design points X converges.

3.6 System Rdiability Evaluation of Truss Structures

Procedure for component level reliability analysis by using Hasofer-Lind Method is formed in

the previous article. The system reliability evaluation of the structure is very complex in nature

and it has been developed for idealized structure. System reliability evaluation is very essential

part when repair optimization of structure is required. According to system reliability

evaluation of structure it may be decided which elements are more important against repair and

renovation work. Computation of system reliability and defining proper failure modes is
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dependent on the material resistance model and behavior of the elements. The material can be
assumed elasto-plastic and the failure can be brittle, semi-brittle or ductile. All of these factors

are crucia in the determination of system reliability.

Using b -Unzipping method evaluation of system reliability of structure is done at number of
different levels. b -Unzipping method is applicable both for two and three dimensional framed

and truss structures.

3.6.1 System Reliability Evaluation at L evel-Zero:

Estimation of the system reliability of the structure on the basis of failure of single structural
element (Element with lowest reliability index of al elements) will be called system reliability
a level zero. At level zero the reliability of the structural system is equals to the lowest
reliability index of the failure element. Evaluation of system reliability at level zero is actually
element reliability analysis and no the system reliability analysis. At level zero each element is
considered isolated from each other and the interaction between the elements is not taken into
account in estimating the reliability. If the structure consist of n failure elements and reliability

index for failure element i be denoted by b, . Then at level 0 the systems reliability index b, is
simply given as:
b, =minb,

i=1,n

3.6.2 System Reliability Evaluation at L evel-one:

More accurate estimate of reliability of structural system can be obtained at level one. In that
case mostly dominant failure modes of the failure element are taken into consideration by
modeling the structural system as a series system with the failure elements as elements. The
probability of failure of that series system is then calculated and corresponding system
reliability has been evaluated as per component level reliability index of the elements i.e

b.,i=12,...,n , and considering the correlation among the safety margins of the failure

i
|

Fig: 3.5 system modeling at reliability level 1
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In the above figure the series system contains n failure elements. The estimation of probability
of failure can be obtained with satisfactory accuracy by considering failure elements with low

b -values. Selection of such failure elements can e.g. be performed by choosing those failure

b, +Ab,]. Ab, will be choosing in proper

min? ~'min

elements with b — values in an interva [[b

way. These considered failure elements are referred as critical failure elements.

It is possible to get sufficiently accurate value of P, if the safety margins M, i=12,3....,n
are perfectly correlated i.e correlation coefficient r; is very close to unity [r; ~1] or the
correlation coefficient between the safety margins of any two elementsisvery small [r; ~ 0]

Lower Bound of Probability of failure:

When the correlation coefficient r; isvery closeto unity [r; ~1]

P, = max P(F)

i=1,2,3,.n

Upper Bound of Probability of failure:

When the correlation coefficient r; isvery closeto unity [r; ~ 0]

P, <1-Y[1-P(F)]
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3.7 GENERATION OF SAFETY MARGIN FOR TRUSS STRUCTURE:

Considering space truss structures which consist of n axialy loaded element. The structural
configuration and material of the truss is assumed to be specific. The truss element will fall
when internal axia force is exceeding the strength of the element. The safety margin is the

difference between strength and internal force which is given in the following form:

M, =R(Cys A) =S (A, Ao A Ly Ly Ly 1 Lyl By By )

Where:
M, =Safety margin of the " member

R =Strength of the ™ member
S = Internal force of thei™ member

C, =Allowable stress of the i™ member determined by the material to be used and the
dimension of the member.

A=Cross sectional area of thei™ member.
|, =Length of thei™ member
L, =External load applied to the structure (j = 1,2, ..., 3l)

n=Number of members

[=Number of nodes

E =Modulus of easticity of the ith member.

The strength of an element R both for tension and compression can easily determine by

specifying the material properties and geometrical properties of the member. Whereas internal

force S in the truss element is very complex to evaluate and that can be calculated by linear

elastic anaysis using finite el ement method.

Let X and d, expressing nodal force and displacement vector of i-th element with respect to

local coordinate system which is shown in following figure:
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R, R
F:iwzi}

R
‘l}

=t}

Fig: 3.6 Member end forces and member end displacementsw.r.t global coordinate system for 3d
spacetruss.

The member stiffness equation will be:
X =k d

Where X = (F>I<_ ’ FYiL’ lei_’ FXF:’ FYiR’ FZ?)
@ = (v v V5 VE VL)

k. =member stiffness matrix in local coordinate system.

1 00-100
0 00000
0 00000

1=EA/I
ki=BAML 1 00 1 00
0 00000
(0 00 0 00

The nodal displacement vector of i member {d} with respect to global coordinate system and

{d.} can be related by transformation using following equation:

d=T.d &
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c c¢cC, cc, -C¢ -CcC, -CG]
cc, ¢ cc -cc  -C -CC,
c,c, ¢, ¢ -c.c, -CcC, -C?
-c? -c,c, -C,c, C! <C.C, C.QC,
-c,c, -¢2 -c,c, ccC, C2 C.C,
-c,c, -c,c, -¢? c,c, C,C, C?

—
Il

Where C, =cosq,;C, = cosq,;C, = cosq, are the cosines of angles of the member with respect

to global coordinate system.

The nodal force vector of i"™ member {X.} with respect to global coordinate system and {x}

can berelated by transformation using following equation:

X = >_(|

Rl

d, =displacement vector of the i"™ member w.r.t global coordinate system and

X, =Nodal force vector of the i" member w.r.t global coordinate system.

Conseguently, the member stiffness equation in the global coordinate system is given by

Al
o

X =

=
=

Where K, =T 'k T =T'k T,

The dtiffness equations of al the members are formed in a similar manner and they are

transformed from the local coordinate system to the global. Next, the globa noda

displacement vector d is formed by rearranging the displacement vectors d, of the individual
members. The global nodal force vector L corresponding to d is also defined. Further, the

total structure stiffness matrix K is generated by superimposing the individual member

stiffness matrices.

Then, the total structure stiffness equation is written as:

where K is given by:

I

d=

Al
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In the above equation Z denotes superimposing the member stiffness matrices of al the
i=1

members.

Solving equation with respect to the nodal displacement vector yields-
{d} =[KT{L}

The displacement of i™ member d, in local coordinate system can be found out by using

equation d, =T..d,.

Consequently, the nodal force vector X of i™ member in local coordinate system can be found

out by following equation:

—

X:

7l

Where (::, = Ef

-1
i

K is the matrix formed by extracting the elements concerned with the i member from the

matrix K.

In case of the truss structure the internal force to be considered is the axial force

S = FXRi =—F>i‘i
3

S :Zle Lj
J:

Where b, is the element of the matrix(zti . It should be noted that the coefficients b, of a

statically determinate truss are constant while those of a statically indeterminate truss become

functions of e.g. the cross-sectional areas A of the element.

Now limit state equation becomes:
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M, =R(C, A)-San(S)Y b,L,

Theyield stress s, is taken as the alowable stress C;  in above equation when the member

fails in tension or compression while the buckling stress s, is taken when instability in the

compression member is considered.

Next consider a failure criterion of the structural system. In case of a staticaly determinate
truss, structural failure arises when anyone member is subjected to failure. Consequently, the

structural failure criterion is given by
M, <0forVvie[1,2,3,...n]

where Vi € means anyone element contained inthe set {l, 2, ..., n}.

In case of a staticaly indeterminate truss structure, failure in anyone member does not
necessarily result in structural failure. Structural failure is defined to occur when the structure
is turned into a mechanism. Failure mode is generated as in the following manner. When
anyone member fails, redistribution of the internal forces arises among the membersin surviva
and a member next to fail is determined. For the stress analysis after failure in any member, the

residua strength R = (C,, A) corresponding the type of failure is applied as an artificial force

representing the post-failure load-carrying capacity of the member, and its member stiffness
matrix is put to zero. After repeating the similar processes, structural failure results when the

members up to some specified number p, €.9. members r,,1,,1;,......1, arelost. Formation of a

mechanism is determined by investigating the singularity of the total structure stiffness matrix

(Iqu) form with (n- p,) membersin survival.

That is, acriterion for structura failureis given by

The safety margins for the members in survival after some members have failed are given in

the following form:
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When 11,15, ... have failed, then their individual stiffness matrix [ﬁ] =0 and their

residua strength R =(C,,,A)are applied to the connected node of the failed member as

it
artificial force corresponding to the mode of failure. When a member of a brittle materia fails
in tension, the residual strength is put to zero while in case of a ductile material the yield
strength of the member is taken as the residua strength. In case of a buckling failure, the
treatment is similar to that of a brittle member. Then, the stress analysis of the structure is
carried out once again by using the matrix method, and the internal forces of the members in

survival are determined as follows:

3

3l

p — PP _— p p p p

(I’l,l’2 ........ I'(p_l)) - Zhj .LJ - Zlhj .LJ _qulR'l _ql’z .RZ T _air(p_l).R(p—l)
J:

=1

Where g are the co-efficient of influence and where suffix (r,,r,,1;,......1,,_,)) denotes a set of

failed members and the sequential order of failure. Consequently, the safety margins are given
by:

p — _ Qb
Mttt = Ci A = St

Structural failure of the redundant truss occurs when al of the p, members, eg.
1213013, @r€ subjected to failure. Hence, a criterion of structural failure is also expressed

by using the safety margins of the failed members:

M P <0(P=12 ..,p,)

Tp (MLl e o) —
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Chapter 4

COMPONENT LEVEL RELIABILITY ANALYSISOF TRUSS
4.1 General

In this chapter the focus is to develop computer algorithm for determination of Reliability
Index for different limit state functions both for statically determinate and statically
indeterminate truss. First-Order Second Moment Method (FOSM) of reliability analysisis used
to determine the component level reliability analysis of truss element.

4.1.1 Flow chart for evaluation of component reliability of truss structure.

Following flowchart showing the methodology to determine the component reliability of a

truss element:

Selection of geometrical configuration of Truss

Discretization of truss structure

(Truss subdivided into convenient number of smaller element)

Numbering the nodes and elements
Defining joint coordinates and member connectivity between the nodes

Finding total number of nodes and number of members of the selected truss model

Define the Material behavior

(i.e Cross sectiona area of member, Moment of Inertia, modulus of elasticity and density of material)
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Elemental Stiffness matrix

Stiffness properties of each member are calcul ated based on nature of member (axial, bending or both) and
DOF of each node.

[Elemental Stiffness matrix (6x6) depending on length of the member, modulus of elasticity, c/s area and
cosines of the member w.r.t global coordinate system.]

Assembled stiffness matrix

Augmentation of element stiffness matrix into a single matrix which govern the entire idealized structure

Applying Boundary condition

Supporting condition are applied to avoid singularity problem as assembled matrix is asingular matrix

Application of initial Nodal Forces(Mean forces) at the various nodes as per load calculation of primary
load casesi.e DL,LL,WL

Linear Elastic Analysis of Truss Structure due to incremental |oad from (Mean-3* SD) to (Mean+3* SD)
with incremental load of 0.50* SD for each primary load cases.

(my, —3*s . )to(m, +3*s ) withincrement of load0.50*s
(m, —3*s)to(m, +3*s,) withincrement of load 0.50*s

(m, —3*s,, ) to(m, +3*s,, ) withincrement of load 0.50*s,,
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Solution of unknown displacementsin all nodes for each load increment for all load cases for a particular
nodal force.

eg displacementsdéh in al nodes due to nodal load at nodei.
(M, —3*s . ) to(m,, +3*s ) withincrement of load0.50*s
(m, —3*s, )to(m, +3*s ) withincrement of load 0.50*s

(M, —3*s ) to(m, +3*s,,. ) withincrement of load 0.50*s

Solution of member end forcesin al members for each load increment for all load cases for a particular
nodal force.

e.g member end forces FDL in all members due to nodal load at nodei.
(M, —3*s ' ) to(ml, +3*s 1, ) withincrement of load0.50%s ',
(', —3*s ' )to(m, +3*s’ ) withincrement of load 0.50*s '

(my,, —3*s !, ) to(ml, +3*s ), ) with increment of load 0.50*s ',

Using Method of Least Square, correlation between Member end forces and joint forces are determined

FDL- = aij + hi PDjL
Fl_jLi = aij + qj PLjL
Fa, =& +0'R).

FDL = Member end force in member i duetojoint load at nodej for primary load case DL
FLL = Member end force in member i dueto joint load at node j for primary load case LL

F\,\L = Member end force in member i dueto joint load at nodej for primary load case WL




Total member end forces of the i™ member for all nodal forces in terms of j™ nodal forces for a particular
load case.

FDH = Member end force in i™ member dueto all joint loads for primary load case DL

FoL =Zhi-F’DL similarly
i=1

Fu. :Z;cl'.PLL & Ry, :Z;di'.Pv\L
i= i=

Total member end forces of the i-th member for al nodal forcesin terms of j-th nodal forces due to
combination of primary load cases.

FoL.11y, = Member end forcein ith member dueto &l joint loads due to combination of primary load
casesDL & LL

n n
— i D i DI ..
F(DL+LL)i —Zh -F)DLi +ZC, 'PLLa similarly
j=1 j=1

FooLw, = Z o] .Pgh + Z d .P\AL
j=1 j=1

Component Reliability Analysis of Truss Element by Hasofer Lind Method

Formulation of appropriate Limit State Function (Performance Function) of the failure el ement
and determination of appropriate parameters (Expected value, Standard Deviation, Correlation
coefficients etc) for al associated random variables.

G(X,, X,, X;) =R —§ for Tension Member
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G(Af,S)=A.f, -5
G(X,, X,, X;) =R +§ for Compression Member

G(Af,,S) = factor.A.f, +S

y’

Considering A,f & S arethe random variables.

Calculation of Mean and Standard deviation of ith Member end forces due to various load cases and load

combinations using following formula:

eg Fp, =by+b. X, +0,. X, + b, X+ +b,. X,
My, =0y +b.m +b,m, +bm+ . +b,m, =h,+>_h.my
i=1
Ste=(0,S )"+ (b, 5 1,)" +(DyS 3) e +(0,5)* =2 (B sp)?
i=1

When the normally distributed basic variables are correlated, then 1M, will remain unchanged but S ,, will

be changed in the following form:

SZ=(0,8:) +(0,8 )"+ (0,5 15)" + v, + (0,8 6) D D Tux BBS S e

i=1 j=1j=i

Transformation of all random variables into standard normal variables space with its mean equals to zero

and Standard Deviation equals to unit.

Obtaining initial design points (xi*) by assuming values for (n-1) random variables X; (mean value will

be reasonable as aiinitia choice). Solving the limit state equation g=0 for the remaining random variables.
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Q)

O

G=A. Where G = —g—g to be evaluated at design point.

Estimation of Reliability Index b using following formula

A

(G)'.(2) -

b ) 2) , where Z,
J(G).(G) Z =1,

zZ

Calculation of column vector containing the sensitivity factors using following formula:

fa)=
(G)".(G)

Determination of new design point in the reduced variates for (n-1) variables using

Z =a,b l

Determination of corresponding design point in the original coordinate system for (n-1) values using
X = +7 Sy

Determination of remaining random variables by solving limit state function g=0
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Convergence

ﬂ

Display b

4.2 FORMULATION FOR COMPONENT RELIABILITY OF TRUSSELEMENT:

Estimation of Reliability Index at component level against Ultimate Limit States of Failure:

The first step of component reliability analysis is to determine the co-efficient of Influence of

all relevant nodal forces acting at different nodes of the truss. Let S isthe Member end force

of the ith element due the effect of nodal forces P, j=1,2,3...,k acting at 1 to k-th node.

k
Then, S =) a,P , where a, is the coefficient of influence is determined by linear elastic

i1

anaysis using finite e ement method.

In that case, C/S area of the trusselement " A = X/" , Mechanical property of the steel metal i.e
yield stress " f = X," and member end force of the truss element § =X, are taken as
random variables for component level reliability analysis.

Initially, using following formula the mean and standard deviation of the load effect i.e MEF
are determined:

M, = 8, + .M +8,.M, + 85, + v +a,m=2a+> a.m
i=1
AndsZ=(a5s,)’+(8,5,)" +(8S3)° + e +(a,5,)°=Y.(as)’
i=1

Limit state function against tension failure is given:
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Kk

9(X;, X, X)) =R -§=A.f, —§ =Af, - > a,.P = X. X, - X,
j=1

Limit state function against compression faillureis given:
k

9(X, X5, X)) =R+S=A.f, +§=A.f;+D a.P = X.X,+ X,
j=1

Heretensile force is taken as positive and compressive force is taken as negative.

The next step is transformation of al random variables into standard normal variables with its

Xi—”k .
S x

mean equal s to zero and Standard Deviation equalsto unit. Z, =

Zl*le_rn(1
le

Z;:XZ_rrkz
sz

Z;:XS_nl(3
SX

For first iteration

e

X R X, X,
1l
3 3

I
=

m.

For limit state function

g=X.X,=X;=0= X, = X..X,

Now partial derivatives of Limit State Function with respect to reduced variatesis given by:
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G- d9_ dgdx_
' dz, dx, dz 2= x,

d dg d
Gz__dg__ g' 2 15 x,

z, dx, dz

d dg d .
° dZ_ di'dz—_( Ds,, =S, (Tension)
e ok e~ D8 =S campresion

G,
G=1G,

G3

4.3 Flow chart for reliability based evaluation of critical failure path of truss elements

and system reliability of thetrussupto level at zero.

Determination of coefficient of influence on member end forces of the truss
elements due to all nodal forces acting on different nodes

a, j Coefficient of influence on member end forces of the i truss elements due

to nodal force acting at j™ node

S isthe stochastic variable describing the load effect of thei™ element.
Kk
S= Z;qj P, where g, the coefficient of influence is determined by linear
j=

elastic analysis using finite e ement method.

Formation of safety margin M, for the failure element i

M, =min[(R"-S),(R +S)]

Failure criteria for failure element “i”
M. <0

Component Level Reliability Index of element i=
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System Reliability at Level zero
bS = ml ni:l..to...n(bi)
Where n isthe number of failure el ement.

Identification of critical failure element whose component level reliability
index is Minimum.

Removing the failure element from member connectivity matrix.
Similarly modifying the all input vector i.e areavector, E-vector , Elemental
stiffness matrix etc.

Modifying the global stiffness matrix after eliminating the stiffness of the
failure el ement.

Calculation of modified nodal displacements and member end forces for
different load cases as per their variations as described earlier.

Modifying the influence factor with respect to external loads

Formation of appropriate limit state function.
L SF isthe function of c/s area of the truss element, yield stress of the material
and nodal forces acting at different nodes on the truss.
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Reliability analysis of the remaining failure element.

Similar procedure may follow to get next failure el ement.

The procedure may continue until structure become determinate due to
reduction of truss element one by one.

The said structure will bein failure state when any one of the remaining truss
elementsfails further.
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Chapter 5

RESULT & DISCUSSION

5.1 Component Level Reliability Analysisof statically determinate Truss

511 (Example: 01) Reliability Analysis of the 21-bar statically determinate truss model:

In the first case study a statically determinate 21 bar steel truss has been considered which are

made of structural steel of rectangular and square hollow sections. The detailed structural

model with node numbers, element numbers are shown in the following figures:

Figure-5.1joint/node numbers of 21 bar truss.

Bdm "“\x

r:‘-—-x
]

.
i

L3lm

L3lm

a,
0.8




Figure-5.3 (a) & (b) showing dimension of 21 bar truss

F5.ET4 kN

032 kN
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Figure-5.4 Mean Nodal load for DL condition.
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264 ki [\
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Figure-5.5 Mean Nodal load for LL condition.
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Figure-5.6 Mean Nodal load for WL condition.




5.1.2 Finite element modeling of the 21 bar statically determinate truss in MATLAB
platform to obtain Component L evel Rdiability Index.:

Table-5.1 Nodal coordinate Table-5.2 Member connectivity between
joint coordinate Member Connectivity
Node X- Y- Z- Member | Starting Ending
No coordinate | coordinate | coordinate No Node Node
(in m) (in m) (in m) 1 1 2
1 0 0 0 ) ) 3
2 0.892 0 0 3 3 4
3 2.4382 0 0 4 7 4
4 3.75 0 0 5 6 7
5 7.5 0 0 6 g 6
6 6.608 0 0 7 1 )
7 5.0618 0 0 3 ) 3
8 0.8395 0.2099 0 9 3 8
9 6.6605 0.2099 0 10 7 9
10 2.2948 0.5737 0 1 6 9
11 5.2052 0.5737 0 12 5 9
12 3.75 0.9375 0 13 3 10
14 7 11
15 8 10
16 9 11
17 12 3
18 4 12
19 12 7
20 10 12
21 11 12

Table-5.3 c/sarea of bars& bar desanation

Member
Member No area(mean) in m2 Remarks
1 6.71E-04 SHS 60X60X2.6
2 6.71E-04 SHS 60X60X2.6
3 6.71E-04 SHS 60X60X2.6
4 6.71E-04 SHS 60X60X2.6
5 6.71E-04 SHS 60X60X2.6
6 6.71E-04 SHS 60X60X2.6
7 4.76E-04 SHS 50x50x2.6
8 2.16E-04 SHS 25x25x2.6
9 2.88E-04 SHS 32X32X2.6
10 2.88E-04 SHS 32X32X2.6
11 2.16E-04 SHS 25x25x2.6
12 4.76E-04 SHS 50x50x2.6
13 2.16E-04 SHS 25x25x2.6
14 2.16E-04 SHS 25x25x2.6
15 4.76E-04 SHS 50x50x2.6
16 4.76E-04 SHS 50x50x2.6
17 5.25E-04 SHS 32X32X3.2
18 2.16E-04 SHS 25x25x2.6
19 5.25E-04 SHS 32X32X3.2
20 4.76E-04 SHS 50x50x2.6
21 4.76E-04 SHS 50x50x2.6
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Table-5.4 E-value of truss elements

Moduls of Elasticity
of truss members
Member | E-value in
No kN/m2

1 2.05E+08
2 2.05E+08
3 2.05E+08
4 2.05E+08
5 2.05E+08
6 2.05E+08
7 2.05E+08
8 2.05E+08
9 2.05E+08
10 2.05E+08
11 2.05E+08
12 2.05E+08
13 2.05E+08
14 2.05E+08
15 2.05E+08
16 2.05E+08
17 2.05E+08
18 2.05E+08
19 2.05E+08
20 2.05E+08
21 2.05E+08

Randomness of the Design variables(normal):

CoV of Load P

Mean Yield Stress( fy ) 310 Mpa
covof f, 0.1
COV of C/S area of element 0.1
(A)
0.1

Table-5.5 applied load (DL) at different nodes

Mean Nodal Forces in kN under DL calculation
Node Noc!al Noda'l Noc!al
No forcein X- | forcein | forceinz-
dir Y-dir dir
1 0 -0.965 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 -0.965 0
6 0 0 0
7 0 0 0
8 0 -2.637 0
9 0 -2.637 0
10 0 -3.091 0
11 0 -3.091 0
12 0 -5.674 0

Table-5.6 applied load (LL) at different nodes

Mean Nodal Forces in kN under LL calculation

Node No

Nodal
force in X-
dir

Nodal
force in Y-
dir

Nodal
force in Z-
dir

o

-1.194

o

| (IN/OO V| WIN| R

[any
o

[EY
=

[any
N

oO|l0o|0oj0ojOojlo|l0Oo|0O|jO|O|O

oOjlo|lojojlojojlo|jo|o|o|o©
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Table-5.7 applied load (WL) at different nodes

Mean Nodal Forces in kN under WL
calculation
Nodal Nodal Nodal
Node No | forcein forcein forcein
X-dir X-dir X-dir
1 -0.068 3.798 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0.068 3.798 0
6 0 0 0
7 0 0 0
8 -0.185 10.347 0
9 0.185 10.347 0
10 -0.234 13.097 0
11 0.234 13.097 0
12 0 6.548 0

Table-5.9 Standard Deviation of applied load

(LL) at different nodes

Table-5.8 Standard Deviation of applied load (DL)
at different nodes

SD of Nodal Forces under DL calculation

Node
No

SD of
Nodal
force in X-
dir

SD of
Nodal
force in Y-
dir

SD of
Nodal
force in Z-
dir

o

0.097

o

0.264

O | N[O LD |WIN|F

0.264

[
o

0.309

[EEY
[EEY

0.309

[ERN
N

O |O|0O|0O|0O |0 |0O|O0|O |0 |Oo

0.284

O |O|0o|©0 |0 |0 |0 |0 |0 |O |O

Table-5.10 Standard Deviation of applied load
(WL) at different nodes

SD of Nodal Forces under LL calculation
SD of SD of SD of
Node Nodal Nodal Nodal
No forcein X- | forceinY- | forcein z-
dir dir dir
1 0.119 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0.119 0
6 0 0 0
7 0 0 0
8 0 0.326 0
9 0 0.326 0
10 0 0.383 0
11 0 0.383 0
12 0 0.351 0

SD of Nodal Forces under WL calculation
SD of Nodal SD of SD of Nodal
Node . Nodal .
force in X- . force in Z-
No . force in Y- .
dir . dir
dir
1 0.007 0.38 0
2 0 0
3 0 0
4 0 0
5 0.007 0.38 0
6 0 0 0
7 0 0 0
8 0.019 1.035 0
9 0.019 1.035 0
10 0.023 1.31 0
11 0.023 1.31 0
12 0.012 0.327 0
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Table-5.11 (a) Section properties and resistance properties of 21 bar Truss

Moment of Inertia in | Radius of Gyration in
c/s cm4 cm
?\IA(;{ DESIGNA-TION THI%(NE ATI\IIEA hox Iy o vy Lemda Fy
cm2 about about about xx | aboutyy N/mm2
XX- axis YY-axis axis axis j (Mean
E Value)
1 SHS 60X60X2.6 2.6 5.8 31.33 31.33 2.33 2.33 0.468 310
2 SHS 60X60X2.6 2.6 5.8 31.33 31.33 2.33 2.33 0.812 310
3 SHS 60X60X2.6 2.6 5.8 31.33 31.33 2.33 2.33 0.689 310
4 SHS 60X60X2.6 2.6 5.8 31.33 31.33 2.33 2.33 0.689 310
5 SHS 60X60X2.6 2.6 5.8 31.33 31.33 2.33 2.33 0.812 310
6 SHS 60X60X2.6 2.6 5.8 31.33 31.33 2.33 2.33 0.468 310
7 SHS 50x50x2.6 2.6 4.76 17.47 17.47 1.92 1.92 0.551 310
8 SHS 25x25x2.6 2.6 2.16 1.72 1.72 0.89 0.89 0.297 310
9 SHS 32X32X2.6 2.6 2.88 4.02 4.02 1.18 1.18 1.671 310
10 SHS 32X32X2.6 2.6 2.88 4.02 4.02 1.18 1.18 1.671 310
11 SHS 25x25x2.6 2.6 2.16 1.72 1.72 0.89 0.89 0.297 310
12 SHS 50x50x2.6 2.6 4.76 17.47 17.47 1.92 1.92 0.551 310
13 SHS 25x25x2.6 2.6 2.16 1.72 1.72 0.89 0.89 0.813 310
14 SHS 25x25x2.6 2.6 2.16 1.72 1.72 0.89 0.89 0.813 310
15 SHS 50x50x2.6 2.6 4.76 17.47 17.47 1.92 1.92 0.956 310
16 SHS 50x50x2.6 2.6 4.76 17.47 17.47 1.92 1.92 0.956 310
17 SHS 32X32X3.2 3.2 3.42 4.54 4.54 1.15 1.15 1.715 310
18 SHS 25x25x2.6 2.6 2.16 1.72 1.72 0.89 0.89 1.288 310
19 SHS 32X32X3.2 3.2 3.42 4.54 4.54 1.15 1.15 1.715 310
20 SHS 50x50x2.6 2.6 4.76 17.47 17.47 1.92 1.92 0.955 310
21 SHS 50x50x2.6 2.6 4.76 17.47 17.47 1.92 1.92 0.955 310
Table-5.11 (b) Section properties and resistance properties of 21 bar Truss
LENGTH R min design
BAR | DESIGNATI IN Mtr incm safet | compre
NO ON K y ssive
factor | stressin
E in |i| EI re(sjttrj?ron sI?ern N/ﬁﬁ
KN/M2 | apha phai factor gth '
1 | SHS 60X60X2.6 1 0.892 2.33 210000 0.49 0.675 0.861 1 266.91
2 | SHS 60X60X2.6 1 1.5462 2.33 210000 0.49 0.98 0.654 1 202.74
3 | SHS 60X60X2.6 1 1.3118 2.33 210000 0.49 0.857 0.732 1 226.92
4 | SHS 60X60X2.6 1 13118 2.33 210000 0.49 0.857 0.732 1 226.92
5 | SHS 60X60X2.6 1 1.5462 2.33 210000 0.49 0.98 0.654 1 202.74
6 | SHS 60X60X2.6 1 0.892 2.33 210000 0.49 0.675 0.861 1 266.91
7 SHS 50x50x2.6 1 0.865343 1.92 210000 0.49 0.738 0.814 1 252.34
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LENGTH R min design
BAR | DESIGNATI IN Mtr incm Safet | compre
NO ON K y ssive
factor | stressin
|£| EI Stress for N/mm2
E in reduction | stren ﬂ
KN/M2 | alpha | phai factor gth o
8 | SHS 25x25x2.6 1 0.216366 0.89 210000 0.49 0.568 0.95 1 294.5
9 | SHS32X32X2.6 1 1.61242 1.18 210000 0.49 2.257 0.265 1 82.15
10 | SHS32X32X2.6 1 1.61242 1.18 210000 0.49 2.257 0.265 1 82.15
11 | SHS 25x25x2.6 1 0.216366 0.89 210000 0.49 0.568 0.95 1 294.5
12 | SHS 50x50x2.6 1 0.865343 1.92 210000 0.49 0.738 0.814 1 252.34
13 | SHS 25x25x2.6 1 0.59135 0.89 210000 0.49 0.981 0.654 1 202.74
14 | SHS 25x25x2.6 1 0.59135 0.89 210000 0.49 0.981 0.654 1 202.74
15 | SHS 50x50x2.6 1 1.500083 1.92 210000 0.49 1.142 0.566 1 175.46
16 | SHS 50x50x2.6 1 1.500083 1.92 210000 0.49 1.142 0.566 1 175.46
17 | SHS32X32X3.2 1 1.612366 1.15 210000 0.49 2.342 0.254 1 78.74
18 | SHS 25x25x2.6 1 0.9375 0.89 210000 0.49 1.596 0.394 1 122.14
19 | SHS32X32X3.2 1 1.612366 1.15 210000 0.49 2.342 0.254 1 78.74
20 | SHS 50x50x2.6 1 1.499986 1.92 210000 0.49 1.141 0.566 1 175.46
21 | SHS 50x50x2.6 1 1.499986 1.92 210000 0.49 1.141 0.566 1 175.46
Table -5.12 Member end force (axial force) of element no-01 due to variation of load (DL) at
different nodes.
MEMBER END FORCES OF THE TRUSS ELEMENTS AGAINST DL CONDITION
MEMBER END FORCE(IN KN) OF MEM 1 AGAINST DL CONDITION
NODAL
NODAL NODAL NODAL NODAL FORCE | MEMBER | MEMBER | MEMBER | MEMBER
FORCE FORCE MEMBER END
FORCE AT AT NODE FORCE AT AT NODE AT END END END END FORCE AT
NODE 8 9 NODE 10 1 NODE | FORCEAT | FORCE AT | FORCE AT | FORCE AT NODE 12
IN KN in NN | INKNinY- S 12 NODE 8 NODE 9 NODE 10 | NODE 11 N KN
Y-dir X dir X IN KN IN KN IN KN IN KN IN KN
Y-dir Y-dir . .
in Y-dir
-3.428 -3.428 -4.018 -4.018 -7.376 7.182 -3.460 4.209 -2.028 -0.001
-3.296 -3.296 -3.864 -3.864 -7.093 6.906 -3.326 4.047 -1.950 -0.001
-3.164 -3.164 -3.709 -3.709 -6.809 6.629 -3.193 3.885 -1.872 -0.001
-3.033 -3.033 -3.555 -3.555 -6.525 6.353 -3.060 3.723 -1.794 -0.001
-2.901 -2.901 -3.400 -3.400 -6.241 6.077 -2.927 3.561 -1.716 -0.001
-2.769 -2.769 -3.246 -3.246 -5.958 5.801 -2.794 3.399 -1.638 0.000
-2.637 -2.637 -3.091 -3.091 -5.674 5.525 -2.661 3.238 -1.560 0.000
-2.505 -2.505 -2.936 -2.936 -5.390 5.248 -2.528 3.076 -1.482 0.000
-2.373 -2.373 -2.782 -2.782 -5.107 4.972 -2.395 2.914 -1.404 0.000
-2.241 -2.241 -2.627 -2.627 -4.823 4.696 -2.262 2.752 -1.326 0.000
-2.110 -2.110 -2.473 -2.473 -4.539 4.420 -2.129 2.590 -1.248 0.000
-1.978 -1.978 -2.318 -2.318 -4.256 4,143 -1.996 2.428 -1.170 0.000
-1.846 -1.846 -2.164 -2.164 -3.972 3.867 -1.863 2.266 -1.092 0.000
-2.637 -2.637 -3.091 -3.091 -5.674 Mean nodal force in KN
0.264 0.264 0.309 0.309 0.567 SD OF NODAL FORCE
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Table -5.13 Member end force (axial force) of element no-01 due to variation of load (LL) at
different nodes.

MEMBER END FORCES IN ALL TRUSS ELEMENTS AGAINST LL CONDITION
MEMBER END FORCE(IN KN) OF MEM 1 AGAINST LL CONDITION
NODAL NODAL
NODAL FORCE NODAL NODAL FORCE | MEMBER | MEMBER | MEMBER | MEMBER MEMBER
FORCE AT AT FORCE AT | FORCE AT AT END END END END END FORCE
NODE 8 NODE9 | NODE10 | NODE 11 NODE | FORCEAT | FORCEAT | FORCEAT | FORCEAT | oo "
INKNinY- | | INKNin Y- | INKN in Y- 12 NODE 8 NODE 9 NODE 10 | NODE 11 IN KN
dir ) dir dir IN KN in IN KN IN KN IN KN IN KN
Y-dir .
Y-dir
-4.243 -4.243 -4.974 -4.974 -9.131 8.890 -4.282 5.210 -2.510 -0.001
-4.080 -4.080 -4.783 -4.783 -8.780 8.548 -4.117 5.009 -2.413 -0.001
-3.917 -3.917 -4.591 -4.591 -8.429 8.206 -3.953 4.809 -2.317 -0.001
-3.660 -3.660 -4.290 -4.290 -7.875 7.864 -3.788 4.609 -2.220 -0.001
-3.590 -3.590 -4.209 -4.209 -7.726 7.522 -3.623 4.408 -2.124 -0.001
-3.427 -3.427 -4.017 -4.017 -7.375 7.180 -3.459 4.208 -2.027 -0.001
-3.264 -3.264 -3.826 -3.826 -7.024 6.838 -3.294 4.007 -1.931 -0.001
-3.101 -3.101 -3.635 -3.635 -6.673 6.496 -3.129 3.807 -1.834 -0.001
-2.938 -2.938 -3.443 -3.443 -6.322 6.154 -2.965 3.607 -1.738 -0.001
-2.774 -2.774 -3.252 -3.252 -5.970 5.812 -2.800 3.406 -1.641 0.000
-2.611 -2.611 -3.061 -3.061 -5.619 5.470 -2.635 3.206 -1.544 0.000
-2.448 -2.448 -2.870 -2.870 -5.268 5.129 -2.470 3.006 -1.448 0.000
-2.285 -2.285 -2.678 -2.678 -4.917 4.787 -2.306 2.805 -1.351 0.000
-3.264 -3.264 -3.826 -3.826 -7.024 Mean nodal force in KN
0.326 0.326 0.383 0.383 0.702 | SD OF NODAL FORCE
Table -5.14 Member end force (axial force) of element no-01 due to variation of load (WL) at
different nodes.
MEMBER END FORCES IN ALL TRUSS ELEMENTS AGAINST WL CONDITION
MEMBER END FORCE(IN KN) OF MEM 1 AGAINST WL CONDITION
NODAL NODAL NODAL NODAL NODAL NODAL NODAL NODAL NODAL Remarks
FORCE AT FORCE FORCE FORCE FORCE FORCE FORCE FORCE FORCE
AT NODE | AT NODE | ATNODE | ATNODE | ATNODE | ATNODE | AT NODE | AT NODE
NODE 8
INKN in . 8 9 9 10 10 11 11 12
dir INKNin | INKNin | INKNin | INKNin | INKNin | INKNin | INKNin | INKNin
Y-dir x-dir Y-dir x-dir Y-dir x-dir Y-dir Y-dir
-0.241 7.243 0.130 7.243 -0.304 9.168 0.164 9.168 4,584 (MEAN-3.0*SD):
-0.231 7.760 0.139 7.760 -0.293 9.823 0.176 9.823 4911 (MEAN-2.5*SD):
-0.222 8.278 0.148 8.278 -0.281 10.478 0.187 10.478 5.238 (MEAN-2.0*SD):
-0.213 8.795 0.157 8.795 -0.269 11.132 0.199 11.132 5.566 (MEAN-1.5*SD):
-0.204 9.312 0.167 9.312 -0.257 11.787 0.211 11.787 5.893 (MEAN-1.0*SD):
-0.194 9.830 0.176 9.830 -0.246 12.442 0.222 12.442 6.221 (MEAN-0.5*SD):
-0.185 10.347 0.185 10.347 -0.234 13.097 0.234 13.097 6.548 (MEAN):
-0.176 10.864 0.194 10.864 -0.222 13.752 0.246 13.752 6.875 (MEAN-+0.5*SD):
-0.167 11.382 0.204 11.382 -0.211 14.407 0.257 14.407 7.203 (MEAN+1.0*SD):
-0.157 11.899 0.213 11.899 -0.199 15.062 0.269 15.062 7.530 (MEAN+1.5*SD):
-0.148 12.416 0.222 12.416 -0.187 15.716 0.281 15.716 7.858 (MEAN+2.0*SD):
-0.139 12.934 0.231 12.934 -0.176 16.371 0.293 16.371 8.185 (MEAN-+2.5*SD):
-0.130 13.451 0.241 13.451 -0.164 17.026 0.304 17.026 8.512 (MEAN-+3.0*SD):
-0.185 10.347 0.185 10.347 -0.234 13.097 0.234 13.097 6548 | Mean ir::’s;' force
0.019 1.035 0.019 1.035 0.023 1.310 0.023 1.310 0.655 SD CF)EQICOEDAL
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Table -5.15 Member end force (axial force) of element no-01 due to variation of load (WL) at
different nodes.

MEMBER MEMBER MEMBER MEMBER MEMBER MEMBER MEMBER MEMBER MEMBER
END END END END END END END END END
FORCE AT | FORCE AT | FORCE AT | FORCE AT | FORCE AT | FORCE AT | FORCE AT | FORCE AT | FORCE AT
NODE 8 NODE 8 NODE 9 NODE 9 NODE 10 NODE 10 NODE 11 NODE 11 NODE 12
INKNinx- | INKNinY- | INKNinx- | INKNinY- | INKNinx- | INKNinY- | INKNinx- | INKNinY- | INKNinY-
dir dir dir dir dir dir dir dir dir
-0.126 -15.174 0.033 7.309 -0.080 -9.603 0.021 4.626 0.000
-0.121 -16.258 0.035 7.831 -0.077 -10.289 0.022 4.957 0.000
-0.116 -17.342 0.037 8.353 -0.074 -10.974 0.024 5.287 0.000
-0.111 -18.425 0.040 8.876 -0.070 -11.660 0.025 5.617 0.000
-0.107 -19.509 0.042 9.398 -0.067 -12.346 0.027 5.948 0.000
-0.102 -20.593 0.044 9.920 -0.064 -13.032 0.028 6.278 0.001
-0.097 -21.677 0.047 10.442 -0.061 -13.718 0.030 6.609 0.001
-0.092 -22.761 0.049 10.964 -0.058 -14.404 0.031 6.939 0.001
-0.087 -23.845 0.051 11.486 -0.055 -15.090 0.032 7.270 0.001
-0.082 -24.929 0.054 12.008 -0.052 -15.776 0.034 7.600 0.001
-0.078 -26.012 0.056 12.530 -0.049 -16.462 0.035 7.931 0.001
-0.073 -27.096 0.058 13.052 -0.046 -17.148 0.037 8.261 0.001
-0.068 -28.180 0.061 13.574 -0.043 -17.834 0.038 8.591 0.001

Table -5.16 Member end force (axial force) of all elements due to variation of all joint load (DL and
LL) at different nodes.

NODAL LOAD
IN ALL MEMBER END FORCE IN KN

CONSIDERED

NODAL POINT | (DL+LL) condition
(MEAN-3.0*SD): 13.210 13.210 -24.552 -24.552 13.210 13.210 -102.724 0.000 -20.280 -20.280
(MEAN-2.5*SD): 12.702 12.702 -23.608 -23.608 12.702 12.702 -98.773 0.000 -19.500 -19.500
(MEAN-2.0*SD): 12.193 12.193 -22.664 -22.664 12.193 12.193 -94.822 0.000 -18.720 -18.720
(MEAN-1.5*SD): 11.685 11.685 -21.719 -21.719 11.685 11.685 -90.872 0.000 -17.940 -17.940
(MEAN-1.0*SD): 11.177 11.177 -20.775 -20.775 11.177 11.177 -86.921 0.000 -17.160 -17.160
(MEAN-0.5*SD): 10.669 10.669 -19.831 -19.831 10.669 10.669 -82.970 0.000 -16.380 -16.380
(MEAN): 10.161 10.161 -18.886 -18.886 10.161 10.161 -79.019 0.000 -15.600 -15.600
(MEAN-
+0.5*SD): 9.653 9.653 -17.942 -17.942 9.653 9.653 -75.068 0.000 -14.820 -14.820
(MEAN+1.0*SD): 9.145 9.145 -16.998 -16.998 9.145 9.145 -71.117 0.000 -14.040 -14.040
(MEAN+1.5*SD): 8.637 8.637 -16.053 -16.053 8.637 8.637 -67.166 0.000 -13.260 -13.260
(MEAN+2.0*SD): 8.129 8.129 -15.109 -15.109 8.129 8.129 -63.215 0.000 -12.480 -12.480
(MEAN-
+2.5*SD): 7.621 7.621 -14.165 -14.165 7.621 7.621 -59.264 0.000 -11.700 -11.700
(MEAN-
+3.0%SD): 7.113 7.113 -13.220 -13.220 7.113 7.113 -55.313 0.000 -10.920 -10.920
MEMBER NO

1 2 3 4 5 6 7 8 9 10
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MEMBER END FORCE IN KN

NODAL LOAD
IN ALL
CONSIDERED (DL+LL) condition
NODAL POINT
(MEAN-3.0*sD): | 0.000 | -102.724 | -8.725 | -8.725 | -81.997 | -81.997 | 19.098 | 0.000 | 19.098 | -79.816 | -79.816
(MEAN-2.5*sD): | 0.000 | -98.773 | -8.389 | -8.389 | -78.843 | -78.843 | 18364 | 0.000 | 18.364 | -76.746 | -76.746
(MEAN-2.0*sD): | 0.000 | -94.822 | -8.054 | -8.054 | -75.689 | -75.689 | 17.629 | 0.000 | 17.629 | -73.676 | -73.676
(MEAN-1.5*sD): | 0.000 | -90.872 | -7.718 | -7.718 | -72.536 | -72.536 | 16.895 | 0.000 | 16.895 | -70.607 | -70.607
(MEAN-1.0*sD): | 0.000 | -86.921 | -7.383 | -7.383 | -69.382 | -69.382 | 16.160 | 0.000 | 16.160 | -67.537 | -67.537
(MEAN-0.5*sD): | 0.000 | -82.970 | -7.047 | -7.047 | -66.228 | -66.228 | 15.426 | 0.000 | 15.426 | -64.467 | -64.467
(MEAN): 0.000 | -79.019 | -6.712 | -6.712 | -63.074 | -63.074 | 14.691 | 0.000 | 14.691 | -61.397 | -61.397
i'\é"ES’;‘gl‘)): 0.000 | -75.068 | -6.376 | -6.376 | -59.921 | -59.921 | 13.956 | 0.000 | 13.956 | -58.327 | -58.327
(MEAN+1.0"SD) | 9000 | -71.117 | -6.040 | -6.040 | -56.767 | -56.767 | 13.222 | 0.000 | 13.222 | -55.257 | -55.257
(MEAN+1.5*SD) | 9000 | -67.166 | -5.705 | -5.705 | -53.613 | -53.613 | 12.487 | 0.000 | 12.487 | -52.188 | -52.188
(MEAN+2.0"SD) | 9000 | -63.215 | -5.369 | -5.369 | -50.460 | -50.460 | 11.753 | 0.000 | 11.753 | -49.118 | -49.118
i“;.iégéy; 0.000 | -59.264 | -5.034 | -5.034 | -47.306 | -47.306 | 11.018 | 0.000 | 11.018 | -46.048 | -46.048
9:,2/:26); 0.000 | -55313 | -4.698 | -4.698 | -44.152 | -44.152 | 10.284 | 0.000 | 10.284 | -42.978 | -42.978
MEMBERNO | 44 12 13 14 15 16 17 18 19 20 21
Table -5.17 Member end force (axial force) of all elements due to variation of all joint loads (DL
and WL) at different nodes
NODAL LOAD IN MEMBER END FORCE IN KN
ALL
CONSIDERED | (DL+WL)
NODAL POINT
(MEAN-3.0%SD): -7.090 -7.090 | 13.047 | 13.047 | -6.950 | -6.950 | 31.144 | -0.152 | 10.247 | 10.173
(MEAN-2.5%SD): -8.223 8223 | 15174 | 15174 | -8.105 | -8.105 | 38426 | -0.205 | 11.957 | 11.896
(MEAN-2.0*SD): -9.355 9355 | 17.301 | 17.301 | -9.261 | -9.261 | 45708 | 0.049 | 13.667 | 13.618
(MEAN-1.5%SD): | -10.488 | -10.488 | 19.428 | 19.428 | -10.417 | -10.417 | 52.991 | -0.027 | 15377 | 15.341
(MEAN-1.0*SD): | -11.620 | -11.620 | 21.554 | 21.554 | -11573 | -11573 | 60.273 | 0.136 | 17.088 | 17.063
(MEAN-0.5*SD): | -12.753 | -12.753 | 23.681 | 23.681 | -12.729 | -12.729 | 67.556 | 0.047 | 18.798 | 18.786
(MEAN): -13.885 | -13.885 | 25.808 | 25.808 | -13.885 | -13.885 | 74.838 | 0.052 | 20.508 | 20.508
%'Eﬁ:;): -15.018 | -15.018 | 27.935 | 27.935 | -15.041 | -15.041 | 82.121 | -0.033 | 22.219 | 22.231
(MEAN+1.0*SD): | -16.150 | -16.150 | 30.061 | 30.061 | -16.197 | -16.197 | 89.403 | -0.018 | 23.929 | 23.954
(MEAN+1.5*SD): | -17.283 | -17.283 | 32.188 | 32.188 | -17.353 | -17.353 | 96.686 | 0.149 | 25.639 | 25676
(MEAN+2.0*SD): | -18.415 | -18.415 | 34315 | 34315 | -18509 | -18.509 | 103.968 | -0.035 | 27.350 | 27.399
i'\z/'.i/igé): -19.548 | -19.548 | 36.442 | 36.442 | -19.665 | -19.665 | 111.251 | -0.099 | 29.060 | 29.121
(MEAN-
+3.0%5D): -20680 | -20.680 | 38.568 | 38.568 | -20.821 | -20.821 | 118533 | -0.129 | 30.770 | 30.844
MEMBER NO 1 2 3 4 5 6 7 8 9 10
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NODAL LOAD IN

MEMBER END FORCE IN KN

ALL CONSIDERED

NODAL POINT | (PL¥WL)

(MEAN-3.0%SD): | -0.054 | 31.258 | 5070 | 5036 | 20.919 | 20.994 | -10.753 | 0.000 | -10.680 | 19.966 | 19.904
(MEAN-2.5%*SD): | 0.133 | 38521 | 5852 | 5.824 | 26.444 | 26.506 | -12.442 | 0.000 | -12.381 | 25.283 | 25.232
(MEAN-2.0*SD): | 0.085 | 45785 | 6.635 | 6.612 | 31.969 | 32.019 | -14.130 | 0.000 | -14.082 | 30.600 | 30.559
(MEAN-1.5%*SD): | -0.110 | 53.048 | 7.417 | 7.400 | 37.494 | 37.531 | -15.819 | 0.000 | -15.782 | 35.917 | 35.887
(MEAN-1.0*SD): | 0.000 | 60.312 | 8200 | 8.189 | 43.019 | 43.044 | -17.507 | 0.000 | -17.483 | 41.235 | 41.214
(MEAN-0.5*SD): | -0.127 | 67.575 | 8982 | 8977 | 48544 | 48.556 | -19.196 | 0.000 | -19.184 | 46.552 | 46.542
(MEAN): 0.140 | 74.838 | 9765 | 9.765 | 54.069 | 54.069 | -20.885 | 0.000 | -20.885 | 51.869 | 51.869
(MEAN-+0.5*SD): | -0.133 | 82.102 | 10.547 | 10.553 | 59.594 | 59.581 | -22.573 | 0.000 | -22.585 | 57.187 | 57.197
(MEAN+1.0*SD): | -0.257 | 89.365 | 11.330 | 11.341 | 65.118 | 65.094 | -24.262 | 0.000 | -24.286 | 62.504 | 62.524
(MEAN+1.5%SD): | -0.177 | 96.629 | 12.112 | 12.129 | 70.643 | 70.606 | -25.950 | 0.000 | -25.987 | 67.821 | 67.852
(MEAN+2.0*SD): | -0.046 | 103.892 | 12.895 | 12.918 | 76.168 | 76.118 | -27.639 | 0.000 | -27.687 | 73.138 | 73.179
(MEAN-+2.5*SD): | -0.078 | 111.156 | 13.677 | 13.706 | 81.693 | 81.631 | -29.327 | 0.000 | -29.388 | 78.456 | 78.507
(MEAN-+3.0*SD): | 0.000 | 118.419 | 14.460 | 14.494 | 87.218 | 87.143 | -31.016 | 0.000 | -31.089 | 83.773 | 83.834
MEMBER NO 11 12 13 14 15 16 17 18 19 20 21

Table: 5.18 Component L evel Reliability Indicesand probability of failure of the truss
elementsfor different load cases:

MEMBER RELIABILITY INDEX FOR | RELIABILITY INDEX FOR Probability of failure FOR | Probability of failure FOR
NO DLLL DLWL DL+LL DL+WL

1 9.397 8.865 0.0000 0.0000
2 10.613 8.462 0.0000 0.0000
3 8.444 8.642 0.0000 0.0000
4 8.444 8.642 0.0000 0.0000
5 10.613 8.462 0.0000 0.0000
6 10.613 8.866 0.0000 0.0000
7 2.633 3.785 0.0493 0.0493
8 10.000 10.000 0.0000 0.0000
9 2.904 6.763 0.0000 0.0000
10 2.904 6.763 0.0000 0.0000
11 10.000 10.000 0.0000 0.0000
12 2.633 3.785 0.0493 0.0493
13 8.298 8.290 0.0000 0.0000
14 8.298 8.290 0.0000 0.0000
15 1.880 5.252 0.0014 0.0014
16 1.880 5.252 0.0014 0.0014
17 8.784 1.715 0.0000 0.0000
18 INFINITE INFINITE - -

19 8.784 1.715 0.0000 0.0000
20 2.049 5.439 0.0009 0.0009
21 2.049 5.439 0.0009 0.0009
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Table: 5.19 M EF condition of the truss elementsfor different load cases

MEMBER  Condition against MEMBER Condition against
NO DL+LL load case NO DL+W.L load case
1 Tension 1 Compression
2 Tension 2 Compression
3 Compression 3 Tension
4 Compression 4 Tension
5 Tension 5 Compression
6 Tension 6 Compression
7 Compression 7 Compression
8 Tension 8 Tension
9 Compression 9 Tension
10 Compression 10 Tension
11 Compression 11 Tension
12 Compression 12 Tension
13 Compression 13 Tension
14 Compression 14 Tension
15 Compression 15 Tension
16 Compression 16 Tension
17 Tension 17 Compression
18 Tension 18 Tension
19 Tension 19 Compression
20 Compression 20 Tension
21 Compression 21 Tension
Table: 5.20 Coefficient of Influence of nodal loads(DL/LL) on member end force of
truss elements
Coefficient of | Coefficient of | Coefficient of | Coefficient of | Coefficient of
influence influence influence influence influence
C/S Area of against MEF against MEF against MEF against MEF against MEF
MEMBER NO | the member when NODAL | when NODAL | when NODAL | when NODAL | when NODAL
in sqm load .(DL/LL) load _(DL/LL) load .(DL/LL) load _(DL/LL) load .(DL/LL)
acting at acting at acting at acting at acting at
NODE 8 NODE 9 NODE 10 NODE 11 NODE 12
in Y-dir in Y-dir in Y-dir in Y-dir in Y-dir
1 0.00058 -2.095 1.009 -1.047 0.500 0.000
2 0.00058 -2.095 1.009 -1.047 0.500 0.000
3 0.00029 1.009 1.009 0.504 0.500 0.000
4 0.00029 1.009 1.009 0.504 0.500 0.000
5 0.00058 1.009 -2.095 0.505 -1.050 0.000
6 0.00058 1.009 -2.095 0.505 -1.050 0.000
7 0.000238 3.661 0.461 2.861 1.260 2.061
8 0.000216 0.000 0.000 0.000 0.000 0.000
9 0.000144 2.645 0.000 0.000 0.000 0.000
10 0.000144 0.000 2.645 0.000 0.000 0.000
11 0.000108 0.000 0.000 0.000 0.000 0.000
12 0.000238 0.461 3.661 1.261 2.860 2.061
13 0.000108 0.000 0.000 0.970 0.000 0.000
14 0.000108 0.000 0.000 0.000 0.970 0.000




15 0.000238 0.958 0.462 2.862 1.260 2.062
16 0.000238 0.462 0.958 1.262 2.860 2.062
17 0.000342 -0.592 0.000 -1.619 0.000 0.000
18 0.000216 0.000 0.000 0.000 0.000 0.000
19 0.000342 0.000 -0.592 0.000 -1.620 0.000
20 0.000238 0.958 0.462 2.619 1.260 2.062
21 0.000238 0.462 0.958 1.262 2.620 2.062
Mean Nodal Load(DL) -2.637 -2.637 -3.091 -3.091 -5.674
Table:5.21 Mean and standard deviation of axial force of truss elements
Mean
of Mean of Mean of | Mean of SD of SD of SD of SD of
memb | member Mean of member | member | member | member SD of member member
BAR | erend | end force member end force | end force | end force | end force member end force | end force
NO force against en<':| force against against against against enc'j force against against
agains LL ag"’;:]“;tl\lWL DL+LL | DL+WL DL LL ag"’;'n”z\lWL DL+LL DL+WL
t DL in KN in KN in KN in KN in KN in KN in KN
in KN
1 4.541 5.62 -18.426 10.161 -13.885 0.711 0.88 2.847 1.131 2.935
2 4.541 5.62 -18.426 10.161 -13.885 0.711 0.88 2.847 1.131 2.935
3 -8.44 -10.446 34.248 -18.886 25.808 0.436 0.54 1.747 0.694 1.801
4 -8.44 -10.446 34.248 -18.886 25.808 0.436 0.54 1.747 0.694 1.801
5 4.541 5.62 -18.426 10.161 -13.885 0.711 0.88 2.847 1.131 2.935
6 4.541 5.62 -18.426 10.161 -13.885 0.711 0.88 2.847 1.131 2.935
7 -35.31 | -43.708 110.149 -79.019 74.838 1.803 2.231 5.76 2.868 6.035
8 0 0 0 0 0 0 0 0 0 0
9 -6.971 -8.629 27.48 -15.6 20.508 0.697 0.863 2.737 1.11 2.824
10 | -6.971 -8.629 27.48 -15.6 20.508 0.697 0.863 2.737 1.11 2.824
11 0 0 0 0 0 0 0 0 0 0
12 | -35.31 | -43.708 110.149 -79.019 74.838 1.803 2.231 5.76 2.868 6.035
13 | -2.999 -3.712 12.764 -6.711 9.765 0.3 0.371 1.271 0.477 1.306
14 -2.999 -3.712 12.764 -6.711 9.765 0.3 0.371 1.271 0.477 1.306
15 28._185 -34.889 82.254 -63.074 54.069 1.543 1.91 4.451 2.456 4.711
16 28.-185 -34.889 82.254 -63.074 54.069 1.543 191 4.451 2.456 4.711
17 6.565 8.126 -27.449 14.691 -20.884 0.524 0.649 2.207 0.834 2.268
18 0 0 0 0 0 0 0 0 0 0
19 6.565 8.126 -27.449 14.691 -20.884 0.524 0.649 2.207 0.834 2.268
20 27.2136 -33.961 79.305 -61.397 51.869 1.501 1.859 4.187 2.389 4.448
21 27.2136 -33.961 79.305 -61.397 51.869 1.501 1.859 4.187 2.389 4.448

55




Table: 5.22 coefficient of influence of nodal loads against member end for ces of truss

element for primary load cases (WL).

Coefficien Coefficie | Coefficie | Coefficie | Coefficie | Coefficie | Coefficie | Coefficie | Coefficie
t of . nt of . nt of . nt of . nt of . nt of . nt of . nt of . nt of

influence |nf|u§nc |nf|u¢?nc |nf|u§nc |nf|u§nc |nf|u¢?nc |nf|u§nc |nf|u¢?nc |nf|u¢?nc

against e against | eagainst | eagainst | eagainst | eagainst | eagainst | eagainst | e against
VIEF MEF MEF MEF MEF MEF MEF MEF MEF
MEMBER when when when when when when when when when

NO NODAL NODAL NODAL NODAL NODAL NODAL NODAL NODAL NODAL
load (WL) load load load load load load load load
acting at (WL) (Wt) (WL) (WL) (Wt) (WL) (Wt) (Wt)

NODE 8 actingat | actingat | actingat | actingat | actingat | actingat | actingat | actingat

in X-dir NODE 8 NODE 9 NODE 9 NODE 10 | NODE 10 | NODE 11 | NODE 11 | NODE 12

in Y-dir in X-dir in Y-dir in X-dir in Y-dir in X-dir in Y-dir in X-dir
1 0.524 -2.095 0.252 1.009 0.262 -1.047 0.126 0.505 0.000
2 0.524 -2.095 0.252 1.009 0.262 -1.047 0.126 0.505 0.000
3 -0.252 1.009 0.252 1.009 -0.126 0.504 0.126 0.504 0.000
4 -0.252 1.009 0.252 1.009 -0.126 0.504 0.126 0.504 0.000
5 -0.252 1.009 -0.524 -2.095 -0.126 0.505 -0.262 -1.047 0.000
6 -0.252 1.009 -0.524 -2.095 -0.126 0.505 -0.262 -1.047 0.000
7 0.115 3.661 0.115 0.461 0.315 2.861 0.315 1.261 2.061
8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9 -0.661 2.645 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.661 2.645 0.000 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 -0.115 0.461 -0.115 3.661 -0.315 1.261 -0.315 2.861 2.061
13 0.000 0.000 0.000 0.000 -0.243 0.970 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000 0.000 0.243 0.970 0.000
15 -0.240 0.958 0.115 0.462 0.315 2.862 0.315 1.262 2.062
16 -0.115 0.462 0.240 0.958 -0.315 1.262 -0.315 2.862 2.062
17 0.148 -0.592 0.000 0.000 0.405 -1.619 0.000 0.000 0.000
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
19 0.000 0.000 -0.148 -0.592 0.000 0.000 -0.405 -1.619 0.000
20 -0.240 0.958 0.115 0.462 -0.655 2.619 0.315 1.262 2.062
21 -0.115 0.462 0.240 0.958 -0.315 1.262 0.655 2.619 2.062

Mean
Nodal -0.185 10.347 0.185 10.347 -0.234 13.097 0.234 13.097 6.548
Load(WL)
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Table: 5.23 Limit State Equations of truss elementsfor different failure mode (DD+LL

CONDITION):

LSF_Member_1-DLLL

Aleyt[(-z.OQS)XPSYDL +(1.009)X P9yDL +(-1’047)XP10VDL +(0'5)XP11VDL+(0)X PlzyDL+(-
2.095)xPg,i; +(1.009)x Py +(-1.047)XP10y11+(0.5)%P11y1:+(0)X P1oyi1]

LSF_Member_2-DLLL

Axf,£[(-2.095)xPg,p, +(1.009)x Pgyp +(-1.047)xP14,p, +(0.5)%P11yp, +(0)X Pyoypi+(-
Z.OQS)XPSVLL +(1.009)X P9yLL+('1'047)XP10VLL+(0‘5)XP11VLL+(0)X PlZyLL]

LSF_Member_3-DLLL

Asxf,*[(1.009)xPg,p, +(1.009)x Pgyp +(0.504)xP1g,p +(0.5)XP 11y +(0)x
P12yp1+(1.009)xPg, +(1.009)X Pgyy+(0.504)%P1gy11+(0.5)XP1 1,1, +{0)X P1oyii]

LSF_Member_4-DLLL

Axfy+[(1.009)xPg,p +(1.009)x Poyp, +(0.504)xP1gyp1 +(0.5)%P11,p +(0)x
P12yp1+(1.009)xPgyi, +(1.009)X Pgyy+(0.504)%P1gy11+(0.5)XP1 1,11 +{0)X P1oyii]

LSF_Member_5-DLLL

A5xfyt[(1.009)xP8yD|_ +('2.095)X P9yDL +(0'505)XP10VDL +('1‘05)XP11VDL+(0)X
P12yp1+(1.009)xPgyy, +(-2.095)% Py +(0.505)%P gy, +(-1.05)%P 111, +(0)x Pypyi]

LSF_Member_6-DLLL

Agxf, £[(1.009)xPgp, +(-2.095)x Pgyp +(0.505)xP10yp, +(-1.05)%P;1,p, +(0)x
P12yp1+(1.009)xPgyy, +(-2.095)x Py +(0.505)%P gy, +(-1.05)%P 1111 +(0)x Pypyu]

LSF_Member_7-DLLL

A7xfy+[(3.661)xPg,p +(0.461)x Pgyp +(2.861)xP1g,pL +(1.26)XP11yp+(2.061)x
PlZyDL+(3'661)XP8yLL +(O461)X P9yLL+(2'861)XP10yLL+(1'26)XP11yLL+(2'061)X PlZyLL]

LSF_Member_8-DLLL

A8xfy+[(0)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8yLL
+(0)x P9yLL+(0)xP10yLL+(0)xP11yLL+(0)x P12yLL]

LSF_Member_9-DLLL

A9xfy+[(2.645)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x
P12yDL+(2.645)xP8yLL +(0)x POyLL+(0)xP10yLL+(0)xP11yLL+(0)x P12yLL]

LSF_Member_10-DLLL

A10xfy+[(0)xP8yDL +(2.645)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x
P12yDL+(0)xP8yLL +(2.645)x P9yLL+(0)xP10yLL+(0)xP11yLL+(0)x P12yLL]

LSF_Member_11-DLLL

Allxfy£[(0)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8yLL
+(0)x P9yLL+(0)xP10yLL+(0)xP11yLL+(0)x P12yLL]

LSF_Member_12-DLLL

A12xfy+[(0.461)xP8yDL +(3.661)x P9yDL +(1.261)xP10yDL +(2.86)xP11yDL+(2.061)x
P12yDL+(0.461)xP8yLL +(3.661)x P9yLL+(1.261)xP10yLL+(2.86)xP11yLL+(2.061)x
P12yLL]

LSF_Member_13-DLLL

A13xfy[(0
P12yDL+(0

—

xP8yDL +(0)x P9yDL +(0.97)xP10yDL +(0)xP11yDL+(0)x
XP8yLL +(0)x P9yLL+(0.97)xP10yLL+(0)xP11yLL+(0)x P12yLL]

—

LSF_Member_14-DLLL

A14xfy+[(0)xP8yDL +(0)x PO9yDL +(0)xP10yDL +(0.97)xP11yDL+(0)x
P12yDL+(0)xP8yLL +(0)x POyLL+(0)xP10yLL+(0.97)xP11yLL+(0)x P12yLL]

—_ =

LSF_Member_15-DLLL

A15xfy+[(0.958)xP8yDL +(0.462)x P9yDL +(2.862)xP10yDL +(1.26)xP11yDL+(2.062)x
P12yDL+(0.958)xP8yLL +(0.462)x P9yLL+(2.862)xP10yLL+(1.26)xP11yLL+(2.062)x
P12yLL]

LSF_Member_16-DLLL

Al16xfy+[(0.462)xP8yDL +(0.958)x P9yDL +(1.262)xP10yDL +(2.86)xP11yDL+(2.062)x
P12yDL+(0.462)xP8yLL +(0.958)x P9yLL+(1.262)xP10yLL+(2.86)xP11yLL+(2.062)x
P12yLL]

LSF_Member_17-DLLL

A17xfy+[(-0.592)xP8yDL +(0)x P9yDL +(-1.619)xP10yDL +(0)xP11yDL+(0)x P12yDL+(-
0.592)xP8yLL +(0)x P9yLL+(-1.619)xP10yLL+(0)xP11yLL+(0)x P12yLL]

LSF_Member_18-DLLL

A18xfy+[(0)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8yLL
+(0)x P9yLL+(0)xP10yLL+(0)xP11yLL+(0)x P12yLL]

LSF_Member_19-DLLL

A19xfy+[(0)xP8yDL +(-0.592)x P9yDL +(0)xP10yDL +(-1.62)xP11yDL+(0)x
P12yDL+(0)xP8yLL +(-0.592)x P9yLL+(0)xP10yLL+(-1.62)xP11yLL+(0)x P12yLL]

LSF_Member_20-DLLL

A20xfy+[(0.958)xP8yDL +(0.462)x P9yDL +(2.619)xP10yDL +(1.26)xP11yDL+(2.062)x
P12yDL+(0.958)xP8yLL +(0.462)x P9yLL+(2.619)xP10yLL+(1.26)xP11yLL+(2.062)x
P12yLL]

LSF_Member_21-DLLL

A21xfy+[(0.462)xP8yDL +(0.958)x P9yDL +(1.262)xP10yDL +(2.62)xP11yDL+(2.062)x
P12yDL+(0.462)xP8yLL +(0.958)x P9yLL+(1.262)xP10yLL+(2.62)xP11yLL+(2.062)x
P12yLL]
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Table: 5.24 Limit State Equations of truss elementsfor different failure mode (DD+WL

CONDITION):

LSF_Member_1-

DLWL

Alxfy£[(-2.095)xP8yDL +(1.009)x P9yDL +(-1.047)xP10yDL +(0.5)xP11yDL+(0)x
P12yDL+(0.524)xP8XWL +(-2.095)x P8yWL +(0.252)xP9xWL +(1.009)x POyWL +(0.262)xP10xWL +-
1.047x P10yWL +0.126xP11xWL +0.505x P11yWL +0x P11yWL +0x P11yWL +0x P12yWL ]

LSF_Member_2-

DLWL

A2xfy+[(-2.095)xP8yDL +(1.009)x P9yDL +(-1.047)xP10yDL +(0.5)xP11yDL+(0)x
P12yDL+(0.524)xP8XWL +(-2.095)x P8yWL +(0.252)xPI9xWL +(1.009)x POyWL +(0.262)xP10xWL +-
1.047x P10yWL +0.126xP11xWL +0.505x P11yWL +0x P11yWL +0x+0x P12yWL ]

LSF_Member_3-

DLWL

A3xfy+[(1.009)xP8yDL +(1.009)x P9yDL +(0.504)xP10yDL +(0.5)xP11yDL+(0)x P12yDL+(-
0.252)xP8xWL +(1.009)x P8yWL +(0.252)xP9xWL +(1.009)x POyWL +(-0.126)xP10xWL +0.504x
P10yWL +0.126xP11xWL +0.504x P11yWL +0x P11yWL +0x+0x P12yWL ]

LSF_Member_4-

DLWL

Adxfy+[(1.009)xP8yDL +(1.009)x P9yDL +(0.504)xP10yDL +(0.5)xP11yDL+(0)x P12yDL+(-
0.252)xP8xWL +(1.009)x P8yWL +(0.252)xP9xWL +(1.009)x POyWL +(-0.126)xP10xWL +0.504x
P10yWL +0.126xP11xWL +0.504x P11yWL +0x P11yWL +0x+0x P12yWL ]

LSF_Member_5-

DLWL

A5xfy+[(1.009)xP8yDL +(-2.095)x P9yDL +(0.505)xP10yDL +(-1.05)xP11yDL+(0)x P12yDL+(-
0.252)xP8xWL +(1.009)x P8yWL +(-0.524)xPI9XWL +(-2.095)x POyWL +(-0.126)xP10xWL +0.505x
P10yWL +-0.262xP11xWL +-1.047x P11yWL +0x P11yWL +0x+0x P12yWL ]

LSF_Member_6-

DLWL

A6xfy+[(1.009)xP8yDL +(-2.095)x P9yDL +(0.505)xP10yDL +(-1.05)xP11yDL+(0)x P12yDL+(-
0.252)xP8xWL +(1.009)x P8yWL +(-0.524)xP9XWL +(-2.095)x PO9yWL +(-0.126)xP10xWL +0.505x
P10yWL +-0.262xP11xWL +-1.047x P11yWL +0x P11yWL +0x+0x P12yWL ]

LSF_Member_7-

DLWL

A7xfy+[(3.661)xP8yDL +(0.461)x P9yDL +(2.861)xP10yDL +(1.26)xP11yDL+(2.061)x
P12yDL+(0.115)xP8XWL +(3.661)x P8yWL +(0.115)xP9xWL +(0.461)x P9yWL +(0.315)xP10xWL
+2.861x P10yWL +0.315xP11xWL +1.261x P11yWL +2.061x P11yWL +2.061x+2.061x P12yWL ]

LSF_Member_8-

DLWL

A8xfy+[(0)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8xWL +(0)x P8yWL
+(0)xP9XWL +(0)x P9yWL +(0)xP10xWL +0x P10yWL +0xP11xWL +0x P11yWL +0x P11yWL +0x+0x
P12yWL ]

LSF_Member_9-

DLWL

A9xfy+[(2.645)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(-0.661)xP8xWL
+(2.645)x P8YyWL +(0)xP9xWL +(0)x P9yWL +(0)xP10xWL +0x P10yWL +0xP11xWL +0x P11yWL +0x
P11yWL +0x+0x P12yWL ]

LSF_Member_10-

DLWL

A10xfy£[(0)xP8yDL +(2.645)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8xWL +(0)x
P8YWL +(0.661)xP9XWL +(2.645)x POyWL +(0)xP10xWL +0x P10yWL +0xP11xWL +0x P11yWL +0x
P11yWL +0x+0x P12yWL ]

LSF_Member_11-

DLWL

Al1xfy+[(0)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8xWL +(0)x P8yWL
+(0)xP9XWL +(0)x P9yWL +(0)xP10xWL +0x P10yWL +0xP11xWL +0x P11yWL +0x P11yWL +0x+0x
P12yWL ]

LSF_Member_12-

DLWL

A12xfy+[(0.461)xP8yDL +(3.661)x PO9yDL +(1.261)xP10yDL +(2.86)xP11yDL+(2.061)x P12yDL+(-
0.115)xP8xWL +(0.461)x P8yWL +(-0.115)xP9xWL +(3.661)x P9yWL +(-0.315)xP10xWL +1.261x
P10yWL +-0.315xP11xWL +2.861x P11yWL +2.061x P11yWL +2.061x+2.061x P12yWL ]

LSF_Member_13-

DLWL

A13xfy+[(0)xP8yDL +(0)x P9yDL +(0.97)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8xWL +(0)x PSyWL
+(0)xP9XWL +(0)x POyWL +(-0.243)xP10xWL +0.97x P10yWL +0xP11xWL +0x P11yWL +0x P11yWL
+0x+0x P12yWL ]

LSF_Member_14-

DLWL

Al14xfy+[(0)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0.97)xP11yDL+(0)x P12yDL+(0)xP8xWL +(0)x P8yWL
+(0)xP9XWL +(0)x P9yWL +(0)xP10xWL +0x P10yWL +0.243xP11xWL +0.97x P11yWL +0x P11yWL
+0x+0x P12yWL ]
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LSF_Member_15-
DLWL

A15xfy+[(0.958)xP8yDL +(0.462)x P9yDL +(2.862)xP10yDL +(1.26)xP11yDL+(2.062)x P12yDL+(-
0.24)xP8xWL +(0.958)x P8yWL +(0.115)xP9xWL +(0.462)x P9yWL +(0.315)xP10xWL +2.862x
P10yWL +0.315xP11xWL +1.262x P11yWL +2.062x P11yWL +2.062x+2.062x P12yWL ]

LSF_Member_16-
DLWL

Al16xfy+[(0.462)xP8yDL +(0.958)x P9yDL +(1.262)xP10yDL +(2.86)xP11yDL+(2.062)x P12yDL+(-
0.115)xP8xWL +(0.462)x P8yWL +(0.24)xP9xWL +(0.958)x POyWL +(-0.315)xP10xWL +1.262x
P10yWL +-0.315xP11xWL +2.862x P11yWL +2.062x P11yWL +2.062x+2.062x P12yWL ]

LSF_Member_17-
DLWL

Al17xfy£[(-0.592)xP8yDL +(0)x P9yDL +(-1.619)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0.148)xP8xWL
+(-0.592)x P8yWL +(0)xP9xWL +(0)x P9yWL +(0.405)xP10xWL +-1.619x P10yWL +0xP11xWL +0x
P11yWL +0x P11yWL +0x+0x P12yWL ]

LSF_Member_18-
DLWL

A18xfy+[(0)xP8yDL +(0)x P9yDL +(0)xP10yDL +(0)xP11yDL+(0)x P12yDL+(0)xP8xWL +(0)x P8yWL
+(0)xP9XWL +(0)x P9yWL +(0)xP10xWL +0x P10yWL +0xP11xWL +0x P11yWL +0x P11yWL +0x+0x
P12yWL ]

LSF_Member_19-
DLWL

A19xfy+[(0)xP8yDL +(-0.592)x P9yDL +(0)xP10yDL +(-1.62)xP11yDL+(0)x P12yDL+(0)xP8XWL +(0)x
P8yWL +(-0.148)xP9xWL +(-0.592)x PO9yWL +(0)xP10xWL +0x P10yWL +-0.405xP11xWL +-1.619x
P11yWL +0x P11yWL +0x+0x P12yWL ]

LSF_Member_20-
DLWL

A20xfy+[(0.958)xP8yDL +(0.462)x P9yDL +(2.619)xP10yDL +(1.26)xP11yDL+(2.062)x P12yDL+(-
0.24)xP8xWL +(0.958)x P8yWL +(0.115)xP9xWL +(0.462)x POyWL +(-0.655)xP10xWL +2.619x
P10yWL +0.315xP11xWL +1.262x P11yWL +2.062x P11yWL +2.062x+2.062x P12yWL ]

LSF_Member_21-
DLWL

A21xfy+[(0.462)xP8yDL +(0.958)x P9yDL +(1.262)xP10yDL +(2.62)xP11yDL+(2.062)x P12yDL+(-
0.115)xP8xWL +(0.462)x P8yWL +(0.24)xP9xWL +(0.958)x POyWL +(-0.315)xP10xWL +1.262x
P10yWL +0.655xP11xWL +2.619x P11yWL +2.062x P11yWL +2.062x+2.062x P12yWL ]
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Fig: 5.7 variation of MEF of element 1 dueto variation of nodal loads(DL)
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PLOT OF NODAL FORCE DUE TD WL VE MEMBER END FORCE FOR MEM 1
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Fig: 5.9 variation of MEF of element 1 dueto variation of nodal loadsin X-dir (WL)

PFLOT OF NODAL FORCE DUE TO WL V5 MEMBER END FORCE FOR MEM 1 WHEN LOAD
AT NODE 8,8,10,11,12 ACTING -v& GLOBAL Y-DIRECTION
157 T T T T T T T r T T T T

T L

=
¥ S
= —=—WHERM LOAD ACTING AT NODE 8 % IN VE Y.OIR
E o i —e—WHEM LOAD ACTING AT NODE 8 ¥ IN -VE Y-DIR
1] —f—WHEMN LOAD ACTIMNG AT MODE 10 ¥ IN WVE -0l
© —p—WHERM LOAD ACTING AT NODE 11 ¥ IN VE ¥.0uR
E & —F—'WHEM LOAD ACTING AT NODE 13 ¥ IN-YE ¥Y-0iR
]
= 0 -
1T}
W
E A8 -
= -0
28
30 | i i L | 1 | ! L | 1 "l | d
4 1] [} T B 8 10 11 12 13 14 15 18 v 1B

NODAL FORCE IN KN
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PLOT OF MEMBER END FORCE FOR ALL MEM (1,2.3.7.8,9,13,15,17,20) V5 LOAD CASES
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Fig: 5.11(a) Variation of MEF of elements dueto combined effect of all nodal loads (variable)
For (DL+LL) condition
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Reliabllity Index for load case DLLL

Raliability Index for load case DLWL
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Fig: 5.12 Reliability Index of Truss Element for (DI+LL) case
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Fig: 5.13 Reliability Index of Truss Element for (DI+WL) case
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Fig: 5.14 Coefficient of influence of nodal loads on axial force of element 1 for all primary load
cases (DI,LL,WL)

5.1.3 System Reliability at level 1

For the analysis result, the system reliability of the said truss at level 1
The Ditlevsen bound for the system failure probability at level one are...
The lower bound is: 0.030087

The upper bound is: 0.10787

Ditlevsen bounds for the system reliability at level one are:

The Upper Rl Bound is: 1.8795

The Lower RI Boundis: 1.2379

Here Ab =3.00

Critical faillure e ements are

7 | 9 | 10 | 12 | 15 | 16 | 20 | 21 |

Here correlation coefficient r; of the safety margin between any two failure element in very

near to zero, for evauation of system reliability upper bound value is taken

Upper Bound of Probability of failure:

P <1- Z[l— P(F)] =0.10787 and corresponding Reliability index is 1.8795

i=1



5.1.4 Discussion on Result of Example 1

In Example 1, a 7.50 m span statically determinate truss which is made of rectangular and
sguare hollow section is considered. One agorithm has been prepared for reliability analysis
the truss type structure. As per structural input and variability of the various design
parameters, reliability analysis has been made and accordingly Reliability indices are
determined for all elements for different load cases. As per analysis result of the said truss, it
has been found that element no 17 and 19 have minimum reliability index of value 1.715

which is governed under load case (DL+WL).

The system reliability at level 1 of the said structure is 1.8795 and corresponding probability
of failureis0.108.

Reliability estimation of truss elements depends on types of failure mode; numbers of
variable considered and limit state equation used. i.e for different failure mode of the element

different reliability index is observed.
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5.2 Evaluation of critical failure path of a statically indeterminate truss based on
reliability approach

5.2.1 (Example 02) Reliability Analysis of the 26-bar statically indeterminate truss model:
In case study 2, one statically indeterminate 26 bar steel truss has been considered which are

made of structural steel 1SA. The detailed structural model with node numbers, element
numbers, loads etc are shown in the following figures:

] J1 12 3
P 2 3 4 5 P8

Fig:5.15 Joint numbers of the 26-barstruss
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Fig: 5.17 Dimension of the 26-barstruss
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Fig: 5.18 Mean Nodal load for DL condition of the 26-barstruss.
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Fig: 5.20 Mean Nodal load for WL condition of the 26-barstruss.



5.2.2 Finite element modeling of the 26 bar statically indeterminate trussin MATLAB

platform to obtain Component L evel Reiability Index.:

Table-5.25 Nodal coordinate

Table-5.26 Member connectivity between

Joint Coordinate in mtr Member Connectivity
Node X- Y- . Member Starting Ending
. . Z-coordinate
No coordinate coordinate No Node Node
1 0 0 0 1 1 2
2 1.5 0 0 2 2 3
3 3 0 0 3 3 4
4 4.5 0 0 4 4 5
5 6 0 0 5 5 6
6 7.5 0 0 6 2 7
7 2.25 0.75 0 7 7 3
8 3.75 0.75 0 8 3 8
9 5.25 0.75 0 9 8 4
10 1.5 1.5 0 10 4 9
11 3 1.5 0 11 9 5
12 4.5 1.5 0 12 1 10
13 6 1.5 0 13 10 2
14 11 3
Randomness of the Design variables: 15 12 4
16 13 5
17 13 6
Mean Yield Stress( fy ) 250 Mpa 18 10 7
0.05 19 7 11
covof f, >0 m s
COV of C/S area of element 0.05 21 8 12
22 12 9
( A) 23 9 13
COV of Load R 0.05 24 11 10
25 12 11
26 13 12
Table-5.27 Mean of applied load (DL ) at Table-5.28 Mean of applied load (LL) at
different nodes different nodes

Mean Nodal Forces(in kN) under DL condition
Nodal Nodal Nodal
Node No force in force in force in Z-
X-dir Y-dir dir
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 -5 0
11 0 -5 0
12 0 -5 0
13 0 -5 0

Mean Nodal Forces(in kN) under LL condition
Node Noda.I Noda.I Nodal force in
No forcg in force_ in 7-dir
X-dir Y-dir

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

7 0 0 0

8 0 0 0

9 0 0 0

10 0 -7 0

11 0 -7 0

12 0 -6 0

13 0 -6 0
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Table-5.29 Mean of applied load (WL) at

different nodes

Mean Nodal Forces(in kN) under WL
condition
Nodal Nodal Nodal
Node No | forcein force in force in
X-dir X-dir X-dir
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 -5 20 0
11 -5 20 0
12 4 20 0
13 4 20 0

Table-5.31 SD of applied load (LL) at

different nodes

SD Nodal Forces under LL condition

Nodal Nodal Nodal
Node No | forcein forcein | forcein Z-

X-dir Y-dir dir

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

7 0 0 0

8 0 0 0

9 0 0 0

10 0 0.35 0

11 0 0.35 0

12 0 0.3 0

13 0 0.3 0

Table-5.30 SD of applied load (DL ) at
different nodes

SD of Nodal Forces(in kN) under DL
condition
Nodal Nodal Nodal
Node No | forcein | forcein forcein
X-dir Y-dir Z-dir
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0.25 0
11 0 0.25 0
12 0 0.25 0
13 0 0.25 0

Table-5.32 SD of applied load (WL) at

different nodes

SD of Nodal Forces under WL condition
Nodal Nodal Nodal
Node No force in force in force in Z-
X-dir Y-dir dir
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0.25 1 0
11 0.25 1 0
12 0.2 1 0
13 0.2 1 0
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Table-5.33 (a) Section propertiesand resistance properties of 26 bar Truss

Member Member Member E-value in kN/m2 | Length of truss elementinm

No area(mean) in m2 Designation

1 0.000929 ISA 80X80X6 2.05E+08 1.500
2 0.000929 ISA 80X80X6 2.05E+08 1.500
3 0.000929 ISA 80X80X6 2.05E+08 1.500
4 0.000929 ISA 80X80X6 2.05E+08 1.500
5 0.000929 ISA 80X80X6 2.05E+08 1.500
6 0.002022 ISA 130X130X8 2.05E+08 1.061
7 0.002022 ISA 130X130X8 2.05E+08 1.061
8 0.000929 ISA 80X80X6 2.05E+08 1.061
9 0.000929 ISA 80X80X6 2.05E+08 1.061
10 0.002022 ISA 130X130X8 2.05E+08 1.061
11 0.002022 ISA 130X130X8 2.05E+08 1.061
12 0.003459 ISA 150X150X12 2.05E+08 2.121
13 0.000929 ISA 80X80X6 2.05E+08 1.500
14 0.000929 ISA 80X80X6 2.05E+08 1.500
15 0.000929 ISA 80X80X6 2.05E+08 1.500
16 0.000929 ISA 80X80X6 2.05E+08 1.500
17 0.003459 ISA 150X150X12 2.05E+08 2.121
18 0.002022 ISA 130X130X8 2.05E+08 1.061
19 0.002022 ISA 130X130X8 2.05E+08 1.061
20 0.000929 ISA 80X80X6 2.05E+08 1.061
21 0.000929 ISA 80X80X6 2.05E+08 1.061
22 0.002022 ISA 130X130X8 2.05E+08 1.061
23 0.002022 ISA 130X130X8 2.05E+08 1.061
24 0.002022 ISA 130X130X8 2.05E+08 1.500
25 0.003459 ISA 150X150X12 2.05E+08 1.500
26 0.002022 ISA 130X130X8 2.05E+08 1.500
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Table-5.33(b) Section propertiesand resistance properties of 26 bar Truss

Fy
C/S (Mean- Mean
DESIGNATION AREA Yield Design.
IN Stress) Stress Compressive
cm?2 in Reduction Stress in
SL No N/mm?2 Factor N/mm?2
1 ISA 80X80X6 9.290 | 250.000 0.575 143.750
2 ISA 80X80X6 9.290 | 250.000 0.575 143.750
3 ISA 80X80X6 9.290 | 250.000 0.575 143.750
4 ISA 80X80X6 9.290 | 250.000 0.575 143.750
5 ISA 80X80X6 9.290 | 250.000 0.575 143.750
6 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
7 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
8 ISA 80X80X6 9.290 | 250.000 0.746 186.500
9 ISA 80X80X6 9.290 | 250.000 0.746 186.500
10 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
11 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
ISA
12 150X150X12 34.590 | 250.000 0.665 166.250
13 ISA 80X80X6 9.290 | 250.000 0.575 143.750
14 ISA 80X80X6 9.290 | 250.000 0.575 143.750
15 ISA 80X80X6 9.290 | 250.000 0.575 143.750
16 ISA 80X80X6 9.290 | 250.000 0.575 143.750
ISA
17 150X150X12 34.590 | 250.000 0.665 166.250
18 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
19 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
20 ISA 80X80X6 9.290 | 250.000 0.746 186.500
21 ISA 80X80X6 9.290 | 250.000 0.746 186.500
22 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
23 ISA 130X130X8 | 20.220 | 250.000 0.867 216.750
24 ISA 130X130X8 | 20.220 | 250.000 0.591 147.750
ISA
25 150X150X12 34.590 | 250.000 0.665 166.250
26 ISA 130X130X8 | 20.220 | 250.000 0.591 147.750
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Table-5.34 Member end force (axial force) of element no-10 dueto variation of load

(DL) at different nodes.

MEMBER END FORCE OF ELEMENT NO 10 IN KN AGAINST DL CONDITION

NODAL
NODAL NODAL | FORCE | MEMBER | MEMBER | MEMBER | MEMBER
NODAL FORCE AT FORCE AT | FORCE AT AT END END END END
NODE 10 NODE 11 NODE 12 NODE FORCE AT | FORCE AT | FORCE AT | FORCE AT
IN KN in Y-dir INKNinY- | INKNin 13 NODE10 | NODE11 | NODE12 | NODE 13
dir Y-dir IN KN in IN KN IN KN IN KN IN KN
Y-dir
-5.750 -5.750 -5.750 -5.750 0.482 1.415 1.909 -1.123
-5.625 -5.625 -5.625 -5.625 0.471 1.384 1.867 -1.099
-5.500 -5.500 -5.500 -5.500 0.461 1.353 1.826 -1.074
-5.375 -5.375 -5.375 -5.375 0.450 1.322 1.784 -1.050
-5.250 -5.250 -5.250 -5.250 0.440 1.292 1.743 -1.025
-5.125 -5.125 -5.125 -5.125 0.429 1.261 1.701 -1.001
-5.000 -5.000 -5.000 -5.000 0.419 1.230 1.660 -0.977
-4.875 -4.875 -4.875 -4.875 0.408 1.199 1.618 -0.952
-4.750 -4.750 -4.750 -4.750 0.398 1.169 1.577 -0.928
-4.625 -4.625 -4.625 -4.625 0.387 1.138 1.535 -0.903
-4.500 -4.500 -4.500 -4.500 0.377 1.107 1.494 -0.879
-4.375 -4.375 -4.375 -4.375 0.366 1.076 1.452 -0.854
-4.250 -4.250 -4.250 -4.250 0.356 1.046 1.411 -0.830
-5.000 -5.000 -5.000 -5.000 Mean nodal force in KN
0.250 0.250 0.250 0.250 SD OF NODAL FORCE

Table-5.35 Member end force (axial force) of element no-10 dueto variation of load

(LL) at different nodes.

MEMBER END FORCE OF ELEMENT NO 10 IN KN AGAINST LIVE LOAD CONDITION
NODAL
NODAL | NopAL | ronce | MEMBER | MEMEER | MEMBER | MEMBER
NODAL FORCE AT FORCE AT | FORCE AT AT

NODE 10 NODE11 | NODE12 | NODE | | ORCE | FORCE 1 FORCE | FORCE

IN KN in Y-dir IN KN in IN KN in 13 ATNODE | ATNODE | ATNODE | ATNODE

Y-dir Y-dir IN KN in 10 1 12 13
v-dir IN KN IN KN IN KN IN KN
-8.050 -8.050 -6.900 -6.900 0.674 1.981 2.290 -1.348
-7.875 -7.875 -6.750 -6.750 0.659 1.938 2.241 -1.318
-7.700 -7.700 -6.600 -6.600 0.645 1.895 2.191 -1.289
-7.525 -7.525 -6.450 -6.450 0.630 1.851 2.141 -1.260
-7.350 -7.350 -6.300 -6.300 0.616 1.808 2.091 -1.230
-7.175 -7.175 -6.150 -6.150 0.601 1.765 2.041 -1.201
-7.000 -7.000 -6.000 -6.000 0.586 1.722 1.992 -1.172
-6.825 -6.825 -5.850 -5.850 0.572 1.679 1.942 -1.143
-6.650 -6.650 -5.700 -5.700 0.557 1.636 1.892 -1.113
-6.475 -6.475 -5.550 -5.550 0.542 1.593 1.842 -1.084
-6.300 -6.300 -5.400 -5.400 0.528 1.550 1.792 -1.055
-6.125 -6.125 -5.250 -5.250 0.513 1.507 1.743 -1.025
-5.950 -5.950 -5.100 -5.100 0.498 1.464 1.693 -0.996
-7 -7 -6 -6 Mean nodal force in KN
0.350 0.350 0.300 0.300 SD OF NODAL FORCE
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Table-5.36 Member end force (axial force) of element no-10 dueto variation of load

(WL) at different nodes.

NODAL FORCE IN KN

NODAL | NODAL | NODAL | NODAL | NODAL | NODAL
NODAL FORCE | FORCE | FORCE | FORCE | FORCE | FORCE
NODAL FORCE | FORCE AT AT AT AT AT AT AT
ATNODE10 | NODE10 | NODE | NODE | NODE | NODE | NODE | NODE
IN KN in x-dir | INKNin Y- 1 11 12 12 13 13
dir INKNin | INKNin | INKN | INKNin | INKN | INKNin
x-dir Y-dir in Y-dir x-dir in x-dir Y-dir
-5.750 17.000 5750 | 17.000 | 3.400 | 17.000 | 3.400 | 17.000 | (MEAN-3.0*SD):
5.625 17.500 5.625 | 17.500 | 3.500 | 17.500 | 3.500 | 17.500 | (MEAN-2.5*SD):
-5.500 18.000 5500 | 18.000 | 3.600 | 18.000 | 3.600 | 18.000 | (MEAN-2.0*SD):
5.375 18.500 5.375 | 18.500 | 3.700 | 18.500 | 3.700 | 18.500 | (MEAN-1.5*SD):
-5.250 19.000 5250 | 19.000 | 3.800 | 19.000 | 3.800 | 19.000 | (MEAN-1.0*SD):
5.125 19.500 5.125 | 19.500 | 3.900 | 19.500 | 3.900 | 19.500 | (MEA-0.50*SD):
-5.000 20.000 5000 | 20.000 | 4.000 | 20.000 | 4.000 | 20.000 (MEAN):
-4.875 20.500 4875 | 20500 | 4.100 | 20.500 | 4.100 | 20.500 | (MEAN+0.5*SD):
-4.750 21.000 4750 | 21.000 | 4.200 | 21.000 | 4.200 | 21.000 | (MEAN+1.0*SD):
-4.625 21.500 4625 | 21.500 | 4.300 | 21.500 | 4.300 | 21.500 | (MEAN+1.5*SD):
-4.500 22.000 4500 | 22.000 | 4.400 | 22.000 | 4.400 | 22.000 | (MEAN+2.0*SD):
4375 22.500 4375 | 22500 | 4.500 | 22.500 | 4.500 | 22.500 | (MEAN+2.5*SD):
-4.250 23.000 4250 | 23.000 | 4.600 | 23.000 | 4.600 | 23.000 | (MEAN+3.0*SD):
MEAN OF
-5.000 20.000 5.000 | 20.000 | 4.000 | 20.000 | 4000 | 20.000 | o0
0.250 1.000 0250 | 1.000 | 0200 | 1.000 | 0.200 | 1.000 SD OF NODAL
FORCE
MEMBER | \EMBEREND | MEMBER END MEMBER END MEMBER END MEMBER END
END FORCE AT FORCE AT FORCE ATNODE | FORCE ATNODE | FORCE AT NODE
FORCE NODE 10 NODE 11 11 13 13
AT NODE
10 IN KN in x-dir IN KN in X-dir IN KN in x-dir IN KN in X-dir IN KN in Y-dir
-0.482 1.424 -0.512 -4.183 0.281 -5.643
0.471 -1.466 -0.501 -4.306 0.290 -5.809
-0.461 -1.507 -0.490 -4.429 0.298 5.975
-0.450 -1.549 0.479 -4.552 0.306 6.141
-0.440 -1.591 -0.468 -4.675 0.314 -6.307
-0.429 -1.633 -0.456 -4.798 0.323 -6.473
-0.419 -1.675 -0.445 -4.921 0.331 -6.639
-0.408 1.717 -0.434 -5.044 0.339 -6.805
-0.398 1.759 -0.423 5.167 0.348 6.971
-0.387 -1.801 0.412 -5.290 0.356 7.137
0.377 -1.842 -0.401 -5.413 0.364 -7.303
-0.366 -1.884 -0.390 5.536 0.372 -7.469
-0.356 -1.926 -0.379 -5.659 0.381 -7.635
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Table-5.37 Member end force (axial force) of element no-10 dueto variation of load
(DL+LL) at different nodes.

MEMBER END FORCE OF MEM 10 IN KN AGAINST (DL+LL) CONDITION
NODAL NODAL NODAL NODAL MEMBER MEMBER MEMBER MEMBER
FORCEAT | FORCEAT | FORCEAT | FORCEAT | ENDFORCE | ENDFORCE | ENDFORCE | END FORCE
NODE10 | NODE1l | NODE12 | NODE13 | ATNODE10 | ATNODE1l | ATNODE12 | ATNODE 13
IN Kglirin Y- | IN K(l;lirin v- | IN K(lj\lirin Y- | IN K(l;lirin Y- IN KN IN KN IN KN IN KN
-13.800 -13.800 -12.650 -12.650 1.156 3.395 4.199 -2.471
-13.500 -13.500 -12.375 -12.375 1.131 3.322 4.108 -2.417
-13.200 -13.200 -12.100 -12.100 1.105 3.248 4.017 -2.363
-12.375 -12.375 -11.375 -11.375 1.080 3.174 3.925 -2.310
-12.600 -12.600 -11.550 -11.550 1.055 3.100 3.834 -2.256
-12.300 -12.300 -11.275 -11.275 1.030 3.026 3.743 -2.202
-12.000 -12.000 -11.000 -11.000 1.005 2.952 3.651 -2.148
-11.700 -11.700 -10.725 -10.725 0.980 2.879 3.560 -2.095
-11.400 -11.400 -10.450 -10.450 0.955 2.805 3.469 -2.041
-11.100 -11.100 -10.175 -10.175 0.930 2.731 3.378 -1.987
-10.800 -10.800 -9.900 -9.900 0.904 2.657 3.286 -1.934
-10.500 -10.500 -9.625 -9.625 0.879 2583 3.195 -1.880
-10.200 -10.200 -9.350 -9.350 0.854 2510 3.104 -1.826
-12.000 -12.000 -11.000 -11.000 | MEAN OF NODAL FORCE
0.6 0.6 0.55 0.55 SD OF NODAL FORCE

Table -5.38 Member end force (axial force) of element no-10 dueto variation of load
(DL+WL) at different nodes.

MEMBER END FORCE OF MEM 10 IN KN AGAINST (DL+WL) CONDITION

NODAL | NODAL | NODAL | . . | NODAL | NODAL | NODAL | NODAL

FORCE AT | FORCE AT | FORCEAT | """ | FORCEAT | FORCE AT | FORCE AT | FORCE AT

NODE 10 | NODE 10 | NODE 11 NODE 12 | NODE12 | NODE 13 | NODE 13

INKNin | INKNin | INKNin o INKNin | INKNin | INKNin | INKNin
x-dir Y-dir x-dir IN KN in Y-dir x-dir y-dir x-dir Y-dir
-5.750 12750 | -5.750 12.750 3.400 12.750 3.400 12.750 | (MEAN-3.0*SD):
5.625 13.125 5.625 13.125 3.500 13.125 3.500 13.125 | (MEAN-2.5%SD):
-5.500 13500 | -5.500 13.500 3.600 13.500 3.600 13500 | (MEAN-2.0*SD):
5.375 14.625 5.375 14.625 3.625 14.625 3.625 14.625 | (MEAN-1.5%SD):
5.250 14250 | -5.250 14.250 3.800 14.250 3.800 14250 | (MEAN-1.0*SD):
5.125 14.625 5.125 14.625 3.900 14.625 3.900 14.625 | (MEA-0.50*SD):
-5.000 15.000 | -5.000 15.000 4.000 15.000 4.000 15.000 (MEAN):
-4.875 15.375 -4.875 15.375 4.100 15.375 4.100 15375 | (MEAN+0.5*SD):
-4.750 15750 | -4.750 15.750 4.200 15.750 4.200 15.750 | (MEAN+1.0*SD):
4.625 16.125 4.625 16.125 4.300 16.125 4.300 16.125 | (MEAN+L1.5*SD):
-4.500 16500 | -4.500 16.500 4.400 16.500 4.400 16.500 | (MEAN+2.0*SD):
4.375 16.875 4.375 16.875 4.500 16.875 4.500 16.875 | (MEAN+2.5*SD):
~4.250 17.250 | -4.250 17.250 4.600 17.250 4.600 17.250 | (MEAN+3.0*SD):
-5.000 15.000 -5.000 15.000 4.000 15.000 4.000 15.000 | MEANOF

NODAI FEORCF

0.250 0.750 0.250 0.750 0.200 0.750 0.200 0.750 igSCFENODAL
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MEMBER
MEMBER MEMBER MEMBER MEMBER END MEMBER MEMBER MEMBER
END END FORCE END FORCE END FORCE FORCE END FORCE END FORCE END FORCE

FORCE ATNODE10 | ATNODE11 | ATNODE11 | ATNODE | ATNODE12 | ATNODE13 | AT NODE 13

AT NODE 12

10 IN KN in Y-dir | INKNinx-dir | IN KN in Y-dir 'NX_K(;?r'” IN KN inY-dir | INKNinx-dir | INKNin Y-dir

-0.482 -0.942 -0.512 -2.768 0.281 -3.734 0.664 2.197
-0.471 -0.994 -0.501 -2.922 0.290 -3.942 0.684 2.319
-0.461 -1.047 -0.490 -3.075 0.298 -4.149 0.703 2.441
-0.450 -1.099 -0.479 -3.229 0.306 -4.357 0.723 2.563
-0.440 -1.151 -0.468 -3.383 0.314 -4.564 0.742 2.686
-0.429 -1.204 -0.456 -3.537 0.323 -4.772 0.762 2.808
-0.419 -1.256 -0.445 -3.691 0.331 -4.979 0.781 2.930
-0.408 -1.309 -0.434 -3.844 0.339 -5.187 0.801 3.052
-0.398 -1.361 -0.423 -3.998 0.348 -5.394 0.820 3.174
-0.387 -1.413 -0.412 -4.152 0.356 -5.602 0.840 3.296
-0.377 -1.466 -0.401 -4.306 0.364 -5.809 0.859 3.418
-0.366 -1.518 -0.390 -4.459 0.372 -6.016 0.879 3.540
-0.356 -1.570 -0.379 -4.613 0.381 -6.224 0.898 3.662

Table:5.39 Coefficient of Influence of nodal loads(DL/L L) on member end force of truss

elements
Coefficient of Coefficient of (;oefficient of Coefficient of influence
C/S Area of influence for NODAL | influence for NODAL influence for
MEMBER the member | load (LL)when acting | load (LL)when acting NODAL load for NODAI.' load
NO : . (LL)when acting at 13
in sqm at10 at11 (LL)when acting IN KN i Y-dir
IN KN in Y-dir IN KN in Y-dir at 12
1 0.000929 -0.288 0.121 0.321 0.310
2 0.000929 -0.212 -0.221 0.105 0.190
3 0.000929 0.002 -0.327 -0.327 0.000
4 0.000929 0.186 0.105 -0.221 -0.210
5 0.000929 0.312 0.321 0.121 -0.290
6 0.002022 -0.107 0.484 0.306 0.180
7 0.002022 0.176 -0.364 -0.260 -0.100
8 0.000929 -0.126 -0.215 0.351 0.160
9 0.000929 0.157 0.351 -0.215 -0.130
10 0.002022 -0.104 -0.260 -0.364 0.180
11 0.002022 0.179 0.306 0.484 -0.110
12 0.003459 1.131 0.849 0.566 0.280
13 0.000929 0.076 -0.342 -0.216 -0.130
14 0.000929 -0.035 0.409 -0.065 -0.040
15 0.000929 -0.037 -0.065 0.409 -0.040
16 0.000929 -0.126 -0.216 -0.342 0.080
17 0.003459 0.283 0.566 0.849 1.130
18 0.002022 0.176 -0.364 -0.260 -0.100
19 0.002022 -0.107 0.484 0.306 0.180
20 0.000929 0.157 0.351 -0.215 -0.130
21 0.000929 -0.126 -0.215 0.351 0.160
22 0.002022 0.179 0.306 0.484 -0.110
23 0.002022 -0.104 -0.260 -0.364 0.180
24 0.002022 0.676 0.858 0.584 0.270
25 0.003459 0.489 0.952 0.952 0.490
26 0.002022 0.274 0.584 0.858 0.680
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PLOT OF NODAL FORCE DL VS MEMBER END FORCE
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Fig: 5.21 variation of MEF of element 10 dueto variation of nodal loads (DL )
PLOT OF NODAL FORCE FOR LL W5 MEMBER END FORCE
o OF MEMBEER 10 WHEN LOAD AT NODE 10,11,12,13 ACTING IN -ve GLOBAL Y-DIRECTION
T ¥ T T T T T T T T T T T
2 =
=
X 15 =
=
Ly
QO 1 =
e
=] - PP
w e — F N
o 05} "
&
e ol "—a— VARIATION OF AXIAL FORCE IN ELE 10 WHEN VARMABLE LOAD AT NODE 10 ACTING I -VE ¥.OR -
i == VARIATION OF AXIAL FORCE INELE 10 WHEN VARIABLE LOAD AT NODE 11 ACTING N VE v-DIRt
E —4— VARIATION OF AXIAL FORCE N ELE 10 WHEN VARIABLE LOAD AT NODE 12 ACTIMNG BY VE Y-DIR
W 05— e Y ARIATION OF AXIAL FORCE IN ELE 10 WHEN VARIMBLE LOAD AT NODE 13 ACTING I VE Y.DIR =
=
T ._’__.__._.__.—-——'l—"'_"—‘—‘_. =
A I L 1 i 1 I | I i L | i |
E.E £35 & J.75 T 725 T & TE £.5 B35 ] &.T6 B 5. 25 &

NODAL FORCE IN KN

Fig: 5.22 variation of MEF of element 10 dueto variation of nodal loads (LL)
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PLOT OF NODAL FORCE FOR WL V'S MEMBER END FORCE

—OF MEMBER 10 HFEU.QHPAIHEHE.&ILiz.‘IIMTqIE IH.!I#ME.GLDF.IL K-DIRECTION.

=y

i / |
=
= 0Bl -
o |r—¢—wHEN LOAD ACTING AT NODE 10 IN VE X-DiR
O 04l | —#—WHEN LOAD ACTING AT NODE 11 IN -VE X.DR il
® | ——WHEN LOAD ACTING AT NODE 12 1N +VE X DiR "__,,w"‘
2 | —F—WHEN LOAD ACTING AT NODE 131N +VE X-DIR
o 92 - T
=
11}
e o .
w
@
=

M_M ]

i ] 1 1 1 1 1 I 1
06g = 4 £ 2 o 2 3 4 ] [

A 1
NODAL FORCE IN KN

Fig: 5.23 (a) variation of MEF of element 10 due to variation of nodal loads (WL)
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PLOT OF MEMEER END FORCE OF DIFF MEM VS ALL LOADS LOADS
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Fig: 5.24(a) variation of MEF of element 10 dueto variation of all nodal loads (for DL+LL)
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COEFFICIENT OF INFLUENCE
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Fig: 5.25 coefficient of influence of nodal loads on axial force of element 10 for all primary load

COEFFICIENT OF INFLUENCE

cases (DI & LL)
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Fig: 5.26 coefficient of influence of nodal loads on axial force of element 10 for all primary load

cases (DI & WL)
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Table: 5.40 Limit State Equations of truss elementsfor different failure mode (DD+LL
CONDITION):

LSF_Member_1-DLLL

Alxfy£[(-0.288)xP10yDL +(0.121)xP11yDL +(0.321)xP12yDL +(0.31)xP13yDL +()xP10yLL +(-
0.288)xP11yLL +(0.121)xP12yLL +(0.321)xP13yLL ]

LSF_Member_2-DLLL

A2xfy+[(-0.212)xP10yDL +(-0.221)xP11yDL +(0.105)xP12yDL +(0.19)xP13yDL +()xP10yLL +(-
0.212)xP11yLL +(-0.221)xP12yLL +(0.105)xP13yLL ]

LSF_Member_3-DLLL

A3xfy£[(0.002)xP10yDL +(-0.327)xP11yDL +(-0.327)xP12yDL +(0)xP13yDL +()xP10yLL
+(0.002)xP11yLL +(-0.327)xP12yLL +(-0.327)xP13yLL ]

LSF_Member_4-DLLL

Adxfy+[(0.186)xP10yDL +(0.105)xP11yDL +(-0.221)xP12yDL +(-0.21)xP13yDL +()xP10yLL
+(0.186)xP11yLL +(0.105)xP12yLL +(-0.221)xP13yLL ]

LSF_Member_5-DLLL

A5xfy+[(0.312)xP10yDL +(0.321)xP11yDL +(0.121)xP12yDL +(-0.29)xP13yDL +()xP10yLL
+(0.312)xP11yLL +(0.321)xP12yLL +(0.121)xP13yLL ]

LSF_Member_6-DLLL

A6xfy£[(-0.107)xP10yDL +(0.484)xP11yDL +(0.306)xP12yDL +(0.18)xP13yDL +()xP10yLL +(-
0.107)xP11yLL +(0.484)xP12yLL +(0.306)xP13yLL ]

LSF_Member_7-DLLL

A7xfy[(0.176)xP10yDL +(-0.364)xP11yDL +(-0.26)xP12yDL +(-0.1)xP13yDL +()xP10yLL
+(0.176)xP11yLL +(-0.364)xP12yLL +(-0.26)xP13yLL ]

LSF_Member_8-DLLL

A8xfyx[(-0.126)xP10yDL +(-0.215)xP11yDL +(0.351)xP12yDL +(0.16)xP13yDL +()xP10yLL +(-
0.126)xP11yLL +(-0.215)xP12yLL +(0.351)xP13yLL ]

LSF_Member_9-DLLL

A9xfy+[(0.157)xP10yDL +(0.351)xP11yDL +(-0.215)xP12yDL +(-0.13)xP13yDL +()xP10yLL
+(0.157)xP11yLL +(0.351)xP12yLL +(-0.215)xP13yLL ]

LSF_Member_10-DLLL

A10xfy+[(-0.104)xP10yDL +(-0.26)xP11yDL +(-0.364)xP12yDL +(0.18)xP13yDL +()xP10yLL +(-
0.104)xP11yLL +(-0.26)xP12yLL +(-0.364)xP13yLL ]

LSF_Member_11-DLLL

A11xfy+[(0.179)xP10yDL +(0.306)xP11yDL +(0.484)xP12yDL +(-0.11)xP13yDL +()xP10yLL
+(0.179)xP11yLL +(0.306)xP12yLL +(0.484)xP13yLL |

LSF_Member_12-DLLL

A12xfy+[(1.131)xP10yDL +(0.849)xP11yDL +(0.566)xP12yDL +(0.28)xP13yDL +()xP10yLL
+(1.131)xP11yLL +(0.849)xP12yLL +(0.566)xP13yLL ]

LSF_Member_13-DLLL

A13xfy+[(0.076)xP10yDL +(-0.342)xP11yDL +(-0.216)xP12yDL +(-0.13)xP13yDL +()xP10yLL
+(0.076)xP11yLL +(-0.342)xP12yLL +(-0.216)xP13yLL ]

LSF_Member_14-DLLL

A14xfy+[(-0.035)xP10yDL +(0.409)xP11yDL +(-0.065)xP12yDL +(-0.04)xP13yDL +()xP10yLL +(-
0.035)xP11yLL +(0.409)xP12yLL +(-0.065)xP13yLL ]

LSF_Member_15-DLLL

A15xfy+[(-0.037)xP10yDL +(-0.065)xP11yDL +(0.409)xP12yDL +(-0.04)xP13yDL +()xP10yLL +(-
0.037)xP11yLL +(-0.065)xP12yLL +(0.409)xP13yLL ]

LSF_Member_16-DLLL

A16xfy+[(-0.126)xP10yDL +(-0.216)xP11yDL +(-0.342)xP12yDL +(0.08)xP13yDL +()xP10yLL +(-
0.126)xP11yLL +(-0.216)xP12yLL +(-0.342)xP13yLL |

LSF_Member_17-DLLL

A17xfy£[(0.283)xP10yDL +(0.566)xP11yDL +(0.849)xP12yDL +(1.13)xP13yDL +()xP10yLL
+(0.283)xP11yLL +(0.566)xP12yLL +(0.849)xP13yLL ]

LSF_Member_18-DLLL

A18xfy+[(0.176)xP10yDL +(-0.364)xP11yDL +(-0.26)xP12yDL +(-0.1)xP13yDL +()xP10yLL
+(0.176)xP11yLL +(-0.364)xP12yLL +(-0.26)xP13yLL ]

LSF_Member_19-DLLL

A19xfy+[(-0.107)xP10yDL +(0.484)xP11yDL +(0.306)xP12yDL +(0.18)xP13yDL +()xP10yLL +(-
0.107)xP11yLL +(0.484)xP12yLL +(0.306)xP13yLL ]

LSF_Member_20-DLLL

A20xfy+[(0.157)xP10yDL +(0.351)xP11yDL +(-0.215)xP12yDL +(-0.13)xP13yDL +()xP10yLL
+(0.157)xP11yLL +(0.351)xP12yLL +(-0.215)xP13yLL ]

LSF_Member_21-DLLL

A21xfy+[(-0.126)xP10yDL +(-0.215)xP11yDL +(0.351)xP12yDL +(0.16)xP13yDL +()xP10yLL +(-
0.126)xP11yLL +(-0.215)xP12yLL +(0.351)xP13yLL ]

LSF_Member_22-DLLL

A22xfy+[(0.179)xP10yDL +(0.306)xP11yDL +(0.484)xP12yDL +(-0.11)xP13yDL +()xP10yLL
+(0.179)xP11yLL +(0.306)xP12yLL +(0.484)xP13yLL ]

LSF_Member_23-DLLL

A23xfy+[(-0.104)xP10yDL +(-0.26)xP11yDL +(-0.364)xP12yDL +(0.18)xP13yDL +()xP10yLL +(-
0.104)xP11yLL +(-0.26)xP12yLL +(-0.364)xP13yLL ]

LSF_Member_24-DLLL

A24xfy+[(0.676)xP10yDL +(0.858)xP11yDL +(0.584)xP12yDL +(0.27)xP13yDL +()xP10yLL
+(0.676)xP11yLL +(0.858)xP12yLL +(0.584)xP13yLL ]

LSF_Member_25-DLLL

A25xfy+[(0.489)xP10yDL +(0.952)xP11yDL +(0.952)xP12yDL +(0.49)xP13yDL +()xP10yLL
+(0.489)xP11yLL +(0.952)xP12yLL +(0.952)xP13yLL |

LSF_Member_26-DLLL

A26xfy+[(0.274)xP10yDL +(0.584)xP11yDL +(0.858)xP12yDL +(0.68)xP13yDL +()xP10yLL
+(0.274)xP11yLL +(0.584)xP12yLL +(0.858)xP13yLL ]
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Table: 5.41 Limit State Equations of truss elementsfor different failure mode (DD+WL
CONDITION):

LSF_Member_1-DLWL

Alxfy+[(-0.288)xP10yDL +(0.121)xP11yDL +(0.321)xP12yDL +(0.31)xP13yDL +(0.288)xP10XWL +(-
0.288)xP10yWL +(0.297)xP11XWL +(0.121)xP11yWL +(0.303)xP12XDL +(0.321)xP12YWL +0.312xP13XWL
+0.312xP13yWL ]

LSF_Member_2-DLWL

A2xfy+[(-0.212)xP10yDL +(-0.221)xP11yDL +(0.105)xP12yDL +(0.19)xP13yDL +(0.212)xP10XWL +(-
0.212)xP10yWL +(0.17)xP11XWL +(-0.221)xP11yWL +(0.178)xP12XDL +(0.105)xP12YWL +0.186xP13XWL
+0.186xP13yWL ]

LSF_Member_3-DLWL

A3xfy+[(0.002)xP10yDL +(-0.327)xP11yDL +(-0.327)xP12yDL +(0)xP13yDL +(-0.002)xP10XWL
+(0.002)xP10yWL +(0.013)xP11XWL +(-0.327)xP11yWL +(-0.013)xP12XDL +(-0.327)xP12YWL
+0.002xP13XWL +0.002xP13yWL ]

LSF_Member_4-DLWL

Adxfy+[(0.186)xP10yDL +(0.105)xP11yDL +(-0.221)xP12yDL +(-0.21)xP13yDL +(-0.186)xP10XWL
+(0.186)xP10yWL +(-0.178)xP11XWL +(0.105)xP11yWL +(-0.17)xP12XDL +(-0.221)xP12YWL +-
0.212xP13XWL +-0.212xP13yWL ]

LSF_Member_5-DLWL

AS5xfy+[(0.312)xP10yDL +(0.321)xP11yDL +(0.121)xP12yDL +(-0.29)xP13yDL +(-0.312)xP10XWL
+(0.312)xP10yWL +(-0.303)xP11XWL +(0.321)xP11yWL +(-0.297)xP12XDL +(0.121)xP12YWL +-
0.288xP13XWL +-0.288xP13yWL ]

LSF_Member_6-DLWL

A6Xxfy£[(-0.107)xP10yDL +(0.484)xP11yDL +(0.306)xP12yDL +(0.18)xP13yDL +(0.107)xP1OXWL +(-
0.107)xP10yWL +(0.18)xP11XWL +(0.484)xP11yWL +(0.176)xP12XDL +(0.306)xP12YWL +0.179xP13XWL
+0.179xP13yWL ]

LSF_Member_7-DLWL

A7xfy+[(0.176)xP10yDL +(-0.364)xP11yDL +(-0.26)xP12yDL +(-0.1)xP13yDL +(-0.176)xP10XWL
+(0.176)xP10yWL +(-0.102)xP11XWL +(-0.364)xP11yWL +(-0.107)xP12XDL +(-0.26)xP12YWL +-
0.104xP13XWL +-0.104xP13yWL ]

LSF_Member_8-DLWL

A8xfy+[(-0.126)xP10yDL +(-0.215)xP11yDL +(0.351)xP12yDL +(0.16)xP13yDL +(0.126)xP1OXWL +(-
0.126)xP10yWL +(0.119)xP11XWL +(-0.215)xP11yWL +(0.164)xP12XDL +(0.351)xP12YWL +0.157xP13XWL
+0.157xP13yWL ]

LSF_Member_9-DLWL

A9xfy£[(0.157)xP10yDL +(0.351)xP11yDL +(-0.215)xP12yDL +(-0.13)xP13yDL +(-0.157)xP10XWL
+(0.157)xP10yWL +(-0.164)xP11XWL +(0.351)xP11yWL +(-0.119)xP12XDL +(-0.215)xP12YWL +-
0.126xP13XWL +-0.126xP13yWL ]

LSF_Member_10-DLWL

A10xfy+[(-0.104)xP10yDL +(-0.26)xP11yDL +(-0.364)xP12yDL +(0.18)xP13yDL +(0.104)xP10XWL +(-
0.104)xP10yWL +(0.107)xP11XWL +(-0.26)xP11yWL +(0.102)xP12XDL +(-0.364)xP12YWL +0.176xP13XWL
+0.176xP13yWL ]

LSF_Member_11-DLWL

A11xfy+[(0.179)xP10yDL +(0.306)xP11yDL +(0.484)xP12yDL +(-0.11)xP13yDL +(-0.179)xP10XWL
+(0.179)xP10yWL +(-0.176)xP11XWL +(0.306)xP11yWL +(-0.18)xP12XDL +(0.484)xP12YWL +-
0.107xP13XWL +-0.107xP13yWL]

LSF_Member_12-DLWL

A12xfy+[(1.131)xP10yDL +(0.849)xP11yDL +(0.566)xP12yDL +(0.28)xP13yDL +(0.283)xP10XWL
+(1.131)xP10yWL +(0.283)xP11XWL +(0.849)xP11yWL +(0.283)xP12XDL +(0.566)xP12YWL
+0.283xP13XWL +0.283xP13yWL ]

LSF_Member_13-DLWL

A13xfy+[(0.076)xP10yDL +(-0.342)xP11yDL +(-0.216)xP12yDL +(-0.13)xP13yDL +(-0.076)xP10XWL
+(0.076)xP10yWL +(-0.128)xP11XWL +(-0.342)xP11yWL +(-0.125)xP12XDL +(-0.216)xP12YWL +-
0.126xP13XWL +-0.126xP13yWL]

LSF_Member_14-DLWL

Al14xfy+[(-0.035)xP10yDL +(0.409)xP11yDL +(-0.065)xP12yDL +(-0.04)xP13yDL +(0.035)xP10XWL +(-
0.035)xP10yWL +(-0.012)xP11XWL +(0.409)xP11yWL +(-0.04)xP12XDL +(-0.065)xP12YWL +-
0.037xP13XWL +-0.037xP13yWL ]

LSF_Member_15-DLWL

A15xfy+[(-0.037)xP10yDL +(-0.065)xP11yDL +(0.409)xP12yDL +(-0.04)xP13yDL +(0.037)xP10XWL +(-
0.037)xP10yWL +(0.04)xP11XWL +(-0.065)xP11yWL +(0.012)xP12XDL +(0.409)xP12YWL +-0.035xP13XWL
+-0.035xP13yWL ]

LSF_Member_16-DLWL

A16xfy+[(-0.126)xP10yDL +(-0.216)xP11yDL +(-0.342)xP12yDL +(0.08)xP13yDL +(0.126)xP10XWL +(-
0.126)xP10yWL +(0.125)xP11XWL +(-0.216)xP11yWL +(0.128)xP12XDL +(-0.342)xP12YWL
+0.076xP13XWL +0.076xP13yWL ]

LSF_Member_17-DLWL

A17xfy+[(0.283)xP10yDL +(0.566)xP11yDL +(0.849)xP12yDL +(1.13)xP13yDL +(-0.283)xP10XWL
+(0.283)xP10yWL +(-0.283)xP11XWL +(0.566)xP11yWL +(-0.283)xP12XDL +(0.849)xP12YWL +-
0.283xP13XWL +1.131xP13yWL ]

LSF_Member_18-DLWL

A18xfy+[(0.176)xP10yDL +(-0.364)xP11yDL +(-0.26)xP12yDL +(-0.1)xP13yDL +(-0.176)xP10XWL
+(0.176)xP10yWL +(-0.102)xP11XWL +(-0.364)xP11yWL +(-0.107)xP12XDL +(-0.26)xP12YWL +-
0.104xP13XWL +-0.104xP13yWL ]

LSF_Member_19-DLWL

A19xfy+[(-0.107)xP10yDL +(0.484)xP11yDL +(0.306)xP12yDL +(0.18)xP13yDL +(0.107)xP10XWL +(-
0.107)xP10yWL +(0.18)xP11XWL +(0.484)xP11yWL +(0.176)xP12XDL +(0.306)xP12YWL +0.179xP13XWL
+0.179xP13yWL ]

LSF_Member_20-DLWL

A20xfy+[(0.157)xP10yDL +(0.351)xP11yDL +(-0.215)xP12yDL +(-0.13)xP13yDL +(-0.157)xP1OXWL
+(0.157)xP10yWL +(-0.164)xP11XWL +(0.351)xP11yWL +(-0.119)xP12XDL +(-0.215)xP12YWL +-
0.126xP13XWL +-0.126xP13yWL ]

LSF_Member_21-DLWL

A21xfy£[(-0.126)xP10yDL +(-0.215)xP11yDL +(0.351)xP12yDL +(0.16)xP13yDL +(0.126)xP1OXWL +(-
0.126)xP10yWL +(0.119)xP11XWL +(-0.215)xP11yWL +(0.164)xP12XDL +(0.351)xP12YWL +0.157xP13XWL
+0.157xP13yWL ]
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LSF_Member_22-DLWL

A22xfy+[(0.179)xP10yDL +(0.306)xP11yDL +(0.484)xP12yDL +(-0.11)xP13yDL +(-0.179)xP10XWL
+(0.179)xP10yWL +(-0.176)xP11XWL +(0.306)xP11yWL +(-0.18)xP12XDL +(0.484)xP12YWL +-
0.107xP13XWL +-0.107xP13yWL]

LSF_Member_23-DLWL

A23xfy+[(-0.104)xP10yDL +(-0.26)xP11yDL +(-0.364)xP12yDL +(0.18)xP13yDL +(0.104)xP10XWL +(-
0.104)xP10yWL +(0.107)xP11XWL +(-0.26)xP11yWL +(0.102)xP12XDL +(-0.364)xP12YWL +0.176xP13XWL
+0.176xP13yWL ]

LSF_Member_24-DLWL

A24xfy+[(0.676)xP10yDL +(0.858)xP11yDL +(0.584)xP12yDL +(0.27)xP13yDL +(-0.676)xP10XWL
+(0.676)xP10yWL +(0.272)xP11XWL +(0.858)xP11yWL +(0.275)xP12XDL +(0.584)xP12YWL
+0.274xP13XWL +0.274xP13yWL |

LSF_Member_25-DLWL

A25xfy+[(0.489)xP10yDL +(0.952)xP11yDL +(0.952)xP12yDL +(0.49)xP13yDL +(-0.489)xP10XWL
+(0.489)xP10yWL +(-0.484)xP11XWL +(0.952)xP11yWL +(0.484)xP12XDL +(0.952)xP12YWL
+0.489xP13XWL +0.489xP13yWL ]

LSF_Member_26-DLWL

A26xfy+[(0.274)xP10yDL +(0.584)xP11yDL +(0.858)xP12yDL +(0.68)xP13yDL +(-0.274)xP10XWL
+(0.274)xP10yWL +(-0.275)xP11XWL +(0.584)xP11yWL +(-0.272)xP12XDL +(0.858)xP12YWL
+0.676xP13XWL +0.676xP13yWL |

Table 5.42 Component Level Reliability Indices of all truss elementsfor different load

condition/ modes of failure.

MEMBER RELIABILITY | RELIABILITY Probability
NO INDEX FOR | INDEX FOR | Probability | of failure
DLLL DLWL of failure FOR
FOR DL+LL | DL+WL
1 19.195 19.369 2.04E-82 7.06E-84
2 25.275 19.481 3.04E-141 7.89E-85
3 23.291 18.525 2.72E-120 6.46E-77
4 25.720 19.591 3.53E-146 9.20E-86
5 19.070 22.637 2.24E-81 9.30E-114
6 19.497 23.382 5.82E-85 3.23E-121
7 25.362 19.706 3.31E-142 9.62E-87
8 19.843 24.785 6.29E-88 6.51E-136
9 19.744 24.551 451E-87 2.12E-133
10 25.313 19.685 1.15E-141 1.45E-86
11 19.493 23.277 6.31E-85 3.81E-120
12 18.814 21.913 2.91E-79 9.68E-107
13 23.096 18.389 2.52E-118 8.07E-76
14 19.572 24.675 1.33E-85 9.92E-135
15 19.644 24.709 3.27E-86 4.23E-135
16 23.078 18.312 3.83E-118 3.33E-75
17 18.856 21.834 1.32E-79 5.52E-106
18 25.362 19.706 3.31E-142 9.62E-87
19 19.497 23.382 5.82E-85 3.23E-121
20 19.744 24.551 4.51E-87 2.12E-133
21 19.843 24.785 6.29E-88 6.51E-136
22 19.493 23.277 6.31E-85 3.81E-120
23 25.313 19.685 1.15E-141 1.45E-86
24 18.102 20.259 1.54E-73 1.47E-91
25 18.808 21.223 3.26E-79 2.94E-100
26 18.151 20.249 6.32E-74 1.82E-91
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From the above result, it has been observed that element no 24 has minimum reliability index
having value 18.102 and corresponding probability of failureis 1.54E-73.

Therefore considering first failure member is element no: 24
After detecting the first failure element, the member connectivity of the failure element has
been removed and global stiffness matrix of the whole structure has been reconstructed. The
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modified structure has been reanalysed and component level reliability indices of the

remaining e ementsis evaluated.

Table 5.43 Component Level Reliability Indices of the remaining truss elements after
failure of element 24.

MEMBER | RELABILITY | RELIABILITY Probability
NO INDEX FOR | INDEX FOR | Probability | of failure
DLLL DLWL of failure | FOR
FOR DL+LL | DL+WL
1 17.563 14.922 2.376-69 | 1.191E-50
2 5.544 19.481 1.48E-08 | 7.890E-85
3 15.202 14.918 1.73E-52 | 1.260E-50
4 17.593 16.940 1.39E-69 | 1.149E-64
5 17.919 14.782 4.20E-72 | 9.523E-50
6 19.497 23.382 582685 | o231
121
7 25.362 19.706 3.31E-142 | 9.624E-87
8 15.136 14.425 4.68E-52 | 1.789E-47
9 15.029 14.506 2.36E-51 | 5.591E-48
10 18.444 18.931 2.93E-76 | 3.143E-80
11 19.497 17.571 5.84E-85 | 2.068E-69
12 18.173 20.112 4.19E-74 | 2.920E-90
13 3.765 18.389 8.33E-05 | 8.074E-76
14 3.742 24.675 911605 | 0023
135
15 19.389 18.288 4.81E-84 | 5.186E-75
16 19.406 14.647 3.45E-84 | 7.066E-49
17 18.216 20.060 1.92E-74 | 8.247E-90
18 25.362 19.706 3.31E-142 | 9.624E-87
19 19.497 23.382 582685 | 231E
121
20 15.029 14.506 2.36E-51 | 5.591E-48
21 15.136 14.425 4.68E-52 | 1.789E-47
22 19.497 17.571 5.84E-85 | 2.068E-69
23 18.444 19.685 2.93E-76 | 1.453E-86
25 21.725 17.560 5.90E-105 | 2.492E-69
26 16.292 19.556 5.58E-60 | 1.847E-85

From the above result, it has been observed that next element no 14 having minimum
reliability index having value 3.742 and corresponding probability of failureis 9.11E-05.
Therefore considering second failure member is element no: 14

After detecting the second failure element, the member connectivity of the failure element
has been removed and globa stiffness matrix of the whole structure has been further
reconstructed. The modified structure has been reanalysed and component level reliability

indices of the remaining elements is evaluated.
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Table: 5.44 Component Level Reliability Indices of the remaining truss elements after

failure of dement 24 & 14.

Probability
MEMBER RELIABILITY | RELIABILITY Probability | of failure
NO INDEX FOR | INDEX FOR offailurey FOR
DLLL LWL FOR DL+LL | DL+WL
1 17.56289 18.143026 | 2.370E-69 | 7.29E-74
2 16.22348 11.149631 | 1.721E-59 | 3.60E-29
3 14.68988 16.100174 | 3.742E-49 | 1.27E-58
4 19.16448 16.500181 | 3.665E-82 | 1.83E-61
5 16.45278 18.407193 4.005E-61 | 5.75E-76
6 16.57605 16.139471 | 5.191E-62 | 6.73E-59
7 17.43697 17.387925 | 2.162E-68 | 5.09E-68
8 15.29505 11.513356 | 4.125E-53 | 5.65E-31
9 15.38828 11.577747 9.809E-54 | 2.67E-31
10 19.06046 20.469938 | 2.690E-81 | 2.00E-93
11 18.26059 18.985081 | 8.521E-75 | 1.13E-80
12 18.17343 20.111611 | 4.190E-74 | 2.92E-90
13 15.46521 9.859618 2.979E-54 | 3.11E-23
15 14.09046 15.609904 2.174E-45 | 3.12E-55
16 18.20229 14.918193 | 2.475E-74 | 1.25E-50
17 18.00149 20.227542 | 9.482E-73 | 2.80E-91
18 16.81685 17.713532 | 9.184E-64 | 1.65E-70
19 16.57605 16.139471 5.191E-62 | 6.73E-59
20 15.15475 12.420232 3.524E-52 | 1.01E-35
21 15.29505 11.513356 | 4.125E-53 | 5.65E-31
22 18.04204 19.235504 | 4.556E-73 | 9.34E-83
23 19.06046 20.469938 | 2.690E-81 | 2.00E-93
25 17.82069 17.83091 2.442€-71 | 2.03E-71
26 17.32232 18.95204 1.596E-67 | 2.12E-80

From the above result, it has been observed that next element no is 13 having minimum

reliability index having value 9.859 and corresponding probability of failureis 3.112E-23.

As per above observation it may be stated that probabilistic procedure of critical failure path
isgiven in the following sequence:

1% failure member is element no: 24 (having Reliability Index=18.102)

2" failure member is element no: 14 (Reliability Index=3.742)

Followed by 3" failure element is 13(Reliability Index=9.85)

4" failure element is 20 (Reliability Index=11.008)

Note: subsequent failure of member 24, 14, 13 & 20 makes the structure statically

determinate and failure of any member results total failure of structure.
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Table:5.45 Component Level Reliability Indices of the remaining truss elements after
failure of element 24,14 & 13.

MEMBER RELIABILITY RELIABILITY . . .
NO INDEX FOR DLLL INDEX FOR DLWL 'Probablllty of Probability of failure
failure FOR DL+LL | FOR DL+WL
1 16.735 12.223 3.64E-63 1.178E-34
2 16.652 11.985 1.47E-62 2.128E-33
3 19.107 16.810 1.10E-81 1.032E-63
4 13.260 14.922 1.98E-40 1.180E-50
5 13.691 15.351 5.75E-43 1.749E-53
6 18.871 19.428 9.96E-80 2.246E-84
7 18.258 18.601 8.90E-75 1.580E-77
8 18.255 15.347 9.39E-75 1.854E-53
9 14.668 15.990 5.16E-49 7.494E-58
10 19.095 18.687 1.40E-81 3.178E-78
11 20.493 19.660 1.24E-93 2.357E-86
12 18.891 21.124 6.73E-80 2.379E-99
15 19.426 19.199 2.34E-84 1.896E-82
16 18.429 14.842 3.83E-76 3.891E-50
17 21.384 17.828 9.51E-102 2.131E-71
18 21.365 17.258 1.43E-101 4.887E-67
19 18.781 20.734 5.41E-79 8.542E-96
20 15.380 11.008 1.11E-53 1.754E-28
21 16.924 16.673 1.49E-64 1.035E-62
22 17.459 16.266 1.48E-68 8.665E-60
23 18.405 19.369 5.97E-76 7.060E-84
25 21.080 19.099 6.02E-99 1.286E-81
26 19.156 17.855 4.32E-82 1.315E-71

Table:5.46 Component Level Reliability Indices of the remaining truss elements after
failure of element 24,14 ,13 & 20.

RELIABILITY | RELIABILITY
MEl\'\IA;ER INDEX FOR | INDEX FOR

DLLL DLWL
1 7.512 8.976
2 3.318 6.330
3 1.004 failed
4 19.039 failed
5 9.028 1.901
6 11.244 15.863
7 10.762 4.940
8 9.193 failed
9 failed failed
10 0.235 0.665
11 3.742 3.165
12 0.703 2.140
15 10.842 16.671
16 4,434 1.811
17 failed failed
18 2.062 failed
19 failed failed
21 failed failed
22 5.053 14.776
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Table: 5.47 Reiability Indices of truss elementsfor each successivefailure

1ST RA 2nd RA 3rd RA 4th RA 5th RA
o | FOuT | ey | P | R U |
INDEX FORDLLL | INDEXFORDLLL | o o'or' DLLL FORDLLL | MEMBER
1 19.195 17.563 17.56289 16.735 7.512
2 25.275 5.544 16.22348 16.652 3.318
3 23.291 15.202 14.68988 19.107 1.004
4 25.720 17.593 19.16448 13.260 19.039
5 19.070 17.919 16.45278 13.691 9.028
6 19.497 19.497 16.57605 18.871 11.244
7 25.362 25.362 17.43697 18.258 10.762
8 19.843 15.136 15.29505 18.255 9.193
9 19.744 15.029 15.38828 14.668 failed
10 25.313 18.444 19.06046 19.095 0.235
11 19.493 19.497 18.26059 20.493 3.742
12 18.814 18.173 18.17343 18.891 0.703
13 23.096 3.765 15.46521 13(3%°)
14 19.572 3.742 14(2"°)
15 19.644 19.389 14.09046 19.426 10.842
16 23.078 19.406 18.20229 18.429 4.434
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1ST RA 2nd RA 3rd RA 4th RA 5th RA
o | T | ey | LA | eI | e |
INDEX FORDLLL | INDEXFORDLLL | o0 DLLL FOR DLLL | MEMBER
17 18.856 18.216 18.00149 21.384 failed
18 25.362 25.362 16.81685 21.365 2.062
19 19.497 19.497 16.57605 18.781 failed
20 19.744 15.029 15.15475 15.380 20(a™)
21 19.843 15.136 15.29505 16.924 failed
22 19.493 19.497 18.04204 17.459 5.053
23 25.313 18.444 19.06046 18.405 failed
24 18.102 24(1%")
25 18.808 21.725 17.82069 21.080 failed
26 18.151 16.292 17.32232 19.156 failed
1ST RA 2nd RA 3rd RA 4th RA 5th RA
RELIABILITY RELIABILITY RELIABILITY RELIABILITY | RELIABILI
ME&"OBER INDEX FOR INDEX FOR INDEX FOR INDEX FOR TYF'giEX I\I;I/-I\EIII\-/IUBITEER
DLWL DLWL DLWL DLWL DLWL
1 19.369 14.922 18.143 12.223 8.976
2 19.481 19.481 11.150 11.985 6.330
3 18.525 14.918 16.100 16.810 failed
4 19.591 16.940 16.500 14.922 failed
5 22.637 14.782 18.407 15.351 1.901
6 23.382 23.382 16.139 19.428 15.863
7 19.706 19.706 17.388 18.601 4.940
8 24.785 14.425 11.513 15.347 failed
9 24.551 14.506 11.578 15.990 failed
10 19.685 18.931 20.470 18.687 0.665
11 23.277 17.571 18.985 19.660 3.165
12 21.913 20.112 20.112 21.124 2.140
13 18.389 18.389 9.860 13
14 24.675 24.675 14
15 24.709 18.288 15.610 19.199 16.671
16 18.312 14.647 14.918 14.842 1.811
17 21.834 20.060 20.228 17.828 failed
18 19.706 19.706 17.714 17.258 failed
19 23.382 23.382 16.139 20.734 failed
20 24.551 14.506 12.420 11.008 20
21 24.785 14.425 11.513 16.673 failed
22 23.277 17.571 19.236 16.266 14.776
23 19.685 19.685 20.470 19.369 1.350
24 20.259 24
25 21.223 17.560 17.831 19.099 failed
26 20.249 19.556 18.952 17.855 1.509
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Fig:5.34 First failure eements having minimum reliability index.
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Fig:5.36 Geometrical configuration of thetruss after failure of first two elements having
minimum RI i.e element no 24 and 14.
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Fig:5.37 Geometrical configuration of thetruss after failure of first three elements having

minimum RI i.eelement no 24 and 14 and 13.

5.2.3 System Reliability at level 1

For the analysis result, the system reliability of the said truss at level 1
The Ditlevsen bound for the system failure probability at level one are...:
The lower bound is:

The upper bound is: 1.5366e-73

Ditlevsen bounds for the system reliability at level one are:

The Upper Rl Bound is: 18.102

The Lower RI Bound is:-

Here Ab =6.00

Critical faillure e ements are

1 s 6 E 9 |11 |12 | 14
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Table5.48 List of dements with coefficient of influences and R.l which are considered

in evaluation of system reliability at level 1

Coefficien Coefficien | Coefficie Coefficie | Coefficien = Coefficien Coefficie
F (;lf t of nt of nt of t of tCO?fﬁCIen t of nt of
.- influence influence influence | influenc influence .o influence influenc RELIABIL
coefficie | for ‘ influence
¢ NODAL or for e for for for for e for ITY
MEMBE :esistan load NODAL NODAL NODAL NODAL NODAL NODAL NODAL INDEX
R NO (DL)wh load load load load load load load FOR
;Zamst actir‘]’; aet” (DLwhen | (DUwhe | (DLwhe | (LL)when (‘L’f)when (Lwhen | (LL)whe | DLLL
owes | AThooe | et | nacns | nacng | s | gy | st | ane | prero
|1l\(J)KN . IN KN in IN KN in IN KN in IN KN in |1[\:jl KN i IN KN in IN KN in
S yodi Y-dir Y-dir Y-dir Sy dir Y-dir
Y-dir Y-dir
1 0.000 | -0.2826 | 0.1273 0.3273 | 0.3200 | -0.2826 0.1273 0.3273 | 0.3174 | 19.194
5 0.000 0.3174 0.3273 0.1273 - 0.3174 0.3273 0.1273 - 19.070
6 0.001 | -0.0875 0.5166 | 0.3196 | 0.2000 | -0.0875 0.5166 0.3196 | 0.1991 | 19.497
8 0.000 | -0.1299 | -0.2187 | 0.3470 | 0.1500 | -0.1299 | -0.2187 0.3470 | 0.1530 | 19.843
9 0.000 0.1530 0.3470 | -0.2187 - 0.1530 0.3470 -0.2187 - 19.744
11 0.001 0.1991 0.3196 | 0.5166 - 0.1991 0.3196 0.5166 - 19.492
12 0.001 1.1314 0.8485 0.5657 | 0.2800 | 1.1314 0.8485 0.5657 | 0.2828 | 18.813
14 0.000 | -0.0463 0.3894 | -0.0714 - -0.0463 0.3894 -0.0714 - 19.572
15 0.000 | -0.0489 | -0.0714 | 0.3894 - -0.0489 | -0.0714 0.3894 - 19.643
17 0.001 0.2828 0.5657 | 0.8485 | 1.1300 | 0.2828 0.5657 0.8485 | 1.1314 | 18.855
19 0.001 | -0.0875 0.5166 | 0.3196 | 0.2000 | -0.0875 0.5166 0.3196 | 0.1991 | 19.497
20 0.000 0.1530 0.3470 | -0.2187 - 0.1530 0.3470 -0.2187 - 19.744
21 0.000 | -0.1299 | -0.2187 | 0.3470 | 0.1500 | -0.1299 | -0.2187 0.3470 | 0.1530 | 19.843
22 0.001 0.1991 0.3196 | 0.5166 - 0.1991 0.3196 0.5166 - 19.492
24 0.001 0.6619 0.8347 | 0.5740 | 0.2600 | 0.6619 0.8347 0.5740 | 0.2592 | 18.102
25 0.001 0.4918 0.9547 | 0.9547 | 0.4900 | 0.4918 0.9547 0.9547 | 0.4918 | 18.807
26 0.001 0.2592 0.5740 | 0.8347 | 0.6600 | 0.2592 0.5740 0.8347 | 0.6619 | 18.150

Here correlation coefficient r; of the safety margin between any two failure element in very

near to zero, for evaluation of system reliability upper bound value is taken

Upper Bound of Probability of failure:

P <1- Z[l— P(F)] =18.102 and corresponding Reliability index is 1.5366e-73
i=1
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5.2.4 Discussion on Result of Example 2

In the 2nd Example, a 26 bars statically indeterminate truss has been considered for reliability
anaysis as well as determination of critical failure path. Here COV for al nodal loads,
member cross sectional area and yield stress of steel is considered as 0.05. As per result
obtained after solving the related code, it has been found that 1st failure member is element
no: 24 (having Reliability Index=18.102), 2nd failure member is element no: 14 (Reliability
Index=3.742) followed by 3rd failure element is 13(Reliability Index=9.85). After failure of
member 13 , reanalysis has done to detect next failure element and element 20 have the
lowest reliability index having value 11.008. : Subsequent failure of members 24, 14, 13 and
20 makes the structure statically determinate and after that failure of any member results total

failure of structure.

The system reliability at level 1 of the said structure is 18.102 and corresponding probability
of failureis 1.5366e-73.

From the above study it has been found that reliability based approach towards detection of
critical failure path of statically indeterminate truss indicating that subsequent failure of truss
elements results gradual reduction of reliability indices of elements in survival. However,
increase in reliability indices of few elements are also noticed may be due to redistribution of

interna force.

While detecting the critical faillure path of the structure, abrupt declination of reliability
indices of truss elements in surviva is also observed before failure of the structure as a

whole.

94



5.3 Reliability estimation with variation of cross sectional area of one critical element

(Example: 3)
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Fig:5.38 Member specification of Truss elements

150,000 kN H150.000 kN 150,000 kN L1S0L000 kN

L1 AT SN2 /113

&7 7 = i PR

oy

Fig: 5.39 Node no & applied nodal forcesat joints

6.3.1 General

In this Example similar type geometrical configuration of truss has been selected as selected
in example 2 with initial member specification and mean of nodal loads as shown in the
above figure. In that case, c/s area of the element (critical element) having maximum
probability of failure or minimum reliability index has been varied from (Mean c/s area-
1.5*SD) to (Mean s/c area +1.5* SD) with increment of 0.50* SD and E value of the elements
has been reduced to 0.20 times of initial Value when the element are in failure state. As per
different values of c/s area of the member and reduced value of elastic modulus of the mostly

critical element, the element stiffness matrix has been modified and linear elastic analysis has
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been performed for all cases and accordingly reliability indices of all elements has been

evaluated and variation of Reliability Index for all cases has been examined against reduction

of E-value of critical e ements.

Table:5.49 Reliability Indices of Truss Elements against variation of C/S area of critical

elements and reduction of E- value of critical e ement.

Area

(mean Area Area Area Area Area Area
Member 24 +1.5x5 (mean+1.0x | (mean+0.5x (mean) (mean- (mean- (mean-
b) SD) SD) 0.5xSD) | 1.0xSD) | 1.5xSD)
c¢/s areain 0.002 0.0025 | 0.00238 | 0.00225 | 0.00213
m2 8819 0.0027566 0.0026313 06 07 54 o1
Casel Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Memb Initial c/sareain | R0 | poliability | Reliability | "©'2P" | Reliabili | Reliabili | Reliabil
Member ility ity
er no . . m?2 Index Index ty Index | tyIndex | tyIndex
designation Index Index
1 ISA 80X80X6 0.000929 3.482 3.345 3.336 2.672 2.636 2.598 2.556
2 ISA 80X80X6 0.000929 9.718 9.453 9.411 6.523 6.387 6.241 6.083
3 ISA 80X80X6 0.000929 2.404 2.409 2.416 2.991 3.023 3.058 3.096
4 ISA 80X80X6 0.000929 9.161 8.987 8.978 8.230 8.188 8.143 8.094
5 ISA 80X80X6 0.000929 2.073 2.017 2.009 1.390 1.357 1.321 1.282
6 ISA 80X80X6 0.001167 3.905 3.846 3.803 0.815 0.670 0.513 0.343
7 ISA 80X80X6 0.000929 5.212 5.243 5.291 9.975 10.295 10.654 11.058
8 ISA 80X80X6 0.000929 2.215 2.186 2.189 2.492 2.508 2.526 2.546
9 ISA 80X80X6 0.000929 1.721 1.725 1.728 2.025 2.041 2.059 2.079
10 ISA 80X80X6 0.000929 4914 4.893 4.895 5.012 5.019 5.026 5.033
11 ISA 80X80X6 0.001167 3.299 3.289 3.287 3.185 3.180 3.174 3.167
ISA
12 150X150X10 0.003459 2.095 2.092 2.092 2.092 2.092 2.092 2.092
13 ISA 80X80X6 0.000929 5.505 5.452 5.417 2.927 2.806 2.675 2.534
14 ISA 80X80X6 0.000929 8.789 8.693 8.646 5.553 5.410 5.257 5.093
15 ISA 80X80X6 0.000929 8.586 8.554 8.556 8.749 8.760 8.771 8.784
16 ISA 80X80X6 0.000929 5.000 4.989 4.988 4.903 4.899 4.894 4.888
ISA
17 150X150X10 0.003459 1.784 1.741 1.741 1.741 1.741 1.741 1.741
18 ISA 80X80X6 0.000929 5.212 5.243 5.291 9.975 10.295 10.654 11.058
19 ISA 80X80X6 0.001167 3.905 3.846 3.803 0.815 0.670 0.513 0.343
20 ISA 80X80X6 0.000929 1.721 1.725 1.728 2.025 2.041 2.059 2.079
21 ISA 80X80X6 0.000929 2.215 2.186 2.189 2.492 2.508 2.526 2.546
22 ISA 80X80X6 0.001167 3.299 3.289 3.287 3.185 3.180 3.174 3.167
23 ISA 80X80X6 0.000929 4914 4.893 4.895 5.012 5.019 5.026 5.033
ISA
24 130X130X8 0.002506 2.060 1.802 1.531 2.214 1.972 1.715 1.443
ISA
25 130X130X8 0.002506 1.588 1.581 1.580 1.533 1.519 1.512 1.508
ISA
26 130X130X8 0.002506 1.592 1.590 1.588 1.586 1.584 1.527 1.529
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Table 550 MEF of truss element 13 due variations of c/s area of eement24 and
reduction of E-value of failure e ements when nodal load at node 10 in +ve X-dir and -

veY-dir.

MEMBER END FORCES IN TRUSS ELEMENT no 13 DUE TO REDUCTION OF C/S AREA OF MEMBER 24

WHEN WHEN WHEN WHEN WHEN
LOAD AT Y:;g;g?g AYFVEICE)I\I;IIE_?QIIDN LOAD AT LOAD AT LOAD AT LOAD AT
NODE 10 IN X-DIR X-DIR NODE 10 NODE 10 NODE 10 NODE 10
IN X-DIR IN X-DIR IN X-DIR IN X-DIR IN X-DIR
Area Area Area Area Area
c/s areain m2 (mean+1. | (mean+1.0xS Area Area (mean- (mean- (mean-
5xSD) D) (mean+0.5xSD) | (mean) 0.5x5D) 1.0xSD) 1.5xSD)
0.0028819 0.0027566 0.0026313 0.002506 0.0023807 | 0.0022554 | 0.0021301
NODAL FORCE
AT NODE 10 Case 1l Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
IN KN
28 -2.792 -2.757 -2.718 0.313 0.477 0.657 0.852
30 -2.991 -2.954 -2.912 0.335 0.511 0.704 0.913
32 -3.191 -3.150 -3.106 0.357 0.546 0.750 0.974
34 -3.390 -3.347 -3.301 0.380 0.580 0.797 1.035
36 -3.590 -3.544 -3.495 0.402 0.614 0.844 1.096
38 -3.789 -3.741 -3.689 0.424 0.648 0.891 1.157
40 -3.988 -3.938 -3.883 0.447 0.682 0.938 1.218
42 -4.188 -4.135 -4.077 0.469 0.716 0.985 1.279
44 -4.387 -4.332 -4.271 0.491 0.750 1.032 1.340
46 -4.587 -4.529 -4.466 0.514 0.784 1.079 1.400
48 -4.786 -4.726 -4.660 0.536 0.818 1.126 1.461
50 -4.985 -4.923 -4.854 0.558 0.852 1.173 1.522
52 -5.185 -5.119 -5.048 0.581 0.887 1.220 1.583
MEMBER END FORCES IN TRUSS ELEMENT no 13 DUE TO REDUCTION OF C/S AREA OF MEMBER 24
WHEN WHEN WHEN WHEN WHEN
\,Q/THI\EISIID-S?S LOAD AT \A’\/l:g\é I;l?)AIII\T 5_1— LOAD AT LOAD AT LOAD AT LOAD AT
IN y-DIR NODE 10 DIR NODE 10 NODE 10 NODE 10 NODE 10
IN y-DIR IN y-DIR IN y-DIR IN y-DIR IN y-DIR
Area Area Area Area Area
c/s area in m2 (mean+1.5xSD | (mean+1. Area Area (mean- (mean- (mean-
) oxsp) | (Mean+0.5xSD) | (mean) | oo o) | g 0ysp) 1.5x5D)
0.0028819 0.0027566 0.0026313 0.002506 0.002380 | 0.0022554 0.0021301
NODAL FORCE
AT N%IID: 10-¥ Case 1l Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
IN KN
105 -19.443 -19.198 -18.930 2.177 3.325 4.573 5.937
112.5 -18.696 -18.460 -18.202 2.093 3.197 4.397 5.708
120 -17.948 -17.721 -17.474 2.010 3.069 4.221 5.480
127.5 -17.200 -16.983 -16.746 1.926 2.941 4.046 5.252
135 -16.452 -16.244 -16.018 1.842 2.813 3.870 5.023
142.5 -15.704 -15.506 -15.290 1.758 2.685 3.694 4.795
150 -14.956 -14.768 -14.562 1.675 2.557 3.518 4.567
157.5 -14.209 -14.029 -13.834 1.591 2.430 3.342 4.338
165 -13.461 -13.291 -13.106 1.507 2.302 3.166 4.110
172.5 -12.713 -12.553 -12.377 1.424 2.174 2.990 3.882
180 -11.965 -11.814 -11.649 1.340 2.046 2.814 3.653
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187.5

-11.217

-11.076

-10.921

1.256

1.918

2.638

3.425

195

-10.470

-10.337

-10.193

1.172

1.790

2.463

3.197

Table: 551 MEF of truss eement 13 due variations of c¢/s area of eement24 and
reduction of E-value of failure elementswhen nodal load at node 11 and 12 in -ve Y -dir.

MEMBER END FORCES IN TRUSS ELEMENT NO 13 DUE TO REDUCTION OF C/S AREA OF MEMBER 24

WHEN LOAD | WHEN LOAD AT | WHEN LOAD AT |  WHEN WHEN WHEN WHEN
AT NODE 11 NODE 11 IN y- NODE 11 IN y- LOAD AT LOAD AT LOAD AT LOAD AT
INy-DIR DIR DIR NODE 11 NODE 11 NODE 11 NODE 11
IN y-DIR IN y-DIR IN y-DIR IN y-DIR
clrareain | oy | e Area wea || e | (mean
m?2 ) (mean+1.0xSD) | (mean+0.5xSD) (mean) 0.5x5D) 1.0xSD) 1.5x5D)
0.0028819 0.0027566 0.0026313 0.002506 | 0.0023807 | 0.0022554 | 0.0021301
NODAL
FNOOT)CEElAl-I- Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Y DIR
105 65.846 66.148 66.478 92.491 93.906 95.444 97.125
112.5 63.313 63.604 63.922 88.934 90.294 91.773 93.389
120 60.781 61.060 61.365 85.377 86.682 88.102 89.653
127.5 58.248 58.516 58.808 81.819 83.070 84.432 85.918
135 55.716 55.972 56.251 78.262 79.459 80.761 82.182
142.5 53.183 53.428 53.694 74.705 75.847 77.090 78.447
150 50.651 50.883 51.137 71.147 72.235 73.419 74.711
157.5 48.118 48.339 48.580 67.590 68.623 69.748 70.976
165 45.586 45.795 46.024 64.032 65.012 66.077 67.240
172.5 43.053 43.251 43.467 60.475 61.400 62.406 63.505
180 40.521 40.707 40.910 56.918 57.788 58.735 59.769
187.5 37.988 38.163 38.353 53.360 54.176 55.064 56.033
195 35.456 35.618 35.796 49.803 50.565 51.393 52.298
MEMBER END FORCES IN TRUSS ELEMENT no 13 DUE TO REDUCTION OF C/S AREA OF MEMBER 24
WHEN WHEN WHEN WHEN WHEN
LOAD AT A\_/IYES\SE?':?N A\q'v:gl\lglli_ol‘:lle LOAD AT LOAD AT LOAD AT LOAD AT
NODE 12 NODE 12 NODE 12 NODE 12 NODE 12
IN y-DIR y-DIR y-DIR IN y-DIR IN y-DIR IN y-DIR IN y-DIR
Area Area Area Area
c/sareainm2 | (mean+1.5 Area Area Area (mean- (mean- (mean-
XSD) (mean+1.0xSD) | (mean+0.5xSD) (mean) 0.5x5D) 1.0xSD) 1.5x5D)
0.0028819 0.0027566 0.0026313 0.002506 0.0023807 | 0.0022554 | 0.0021301
NODAL FORCE
AT NODIIDIE 12-¥ Case 1l Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
IN KN
105 40.452 40.660 40.887 58.762 59.734 60.791 61.945
112.5 38.896 39.096 39.314 56.502 57.436 58.453 59.563
120 37.340 37.532 37.742 54.242 55.139 56.115 57.180
127.5 35.785 35.968 36.169 51.981 52.841 53.777 54.798
135 34.229 34.405 34.597 49.721 50.544 51.438 52.415
142.5 32.673 32.841 33.024 47.461 48.246 49.100 50.033
150 31.117 31.277 31.451 45.201 45,949 46.762 47.650
157.5 29.561 29.713 29.879 42.941 43.651 44.424 45.268
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165 28.005 28.149 28.306 40.681 41.354 42.086 42.885
172.5 26.450 26.585 26.734 38.421 39.057 39.748 40.503
180 24.894 25.022 25.161 36.161 36.759 37.410 38.120
187.5 23.338 23.458 23.589 33.901 34.462 35.072 35.738
195 21.782 21.894 22.016 31.641 32.164 32.734 33.355

Table: 552 MEF of truss element 13 due variations of c¢/s area of eement24 and

reduction of E-value of failure e ements when nodal load at node 13in -ve Y -dir.

MEMBER END FORCES IN TRUSS ELEMENT no 13 DUE TO REDUCTION OF C/S AREA OF MEMBER 24

WHEN LOAD WHEN LOAD WHEN LOAD WHEN WHEN WHEN WHEN
AT NODE 13IN | ATNODE 13IN | AT NODE 13IN LOAD AT LOAD AT LOAD AT LOAD AT
NODE 13 NODE 13 NODE 13 NODE 13
y-DIR y-DIR y-DIR IN y-DIR IN y-DIR IN y-DIR IN y-DIR
c/s areain Area Area Area Area (n":;?:]_ (rﬁ:{;_ (rﬁ:{;_
m2 (mean+1.5xSD) | (mean+1.0xSD) | (mean+0.5xSD) (mean) 0.5x5D) 1.0xD) 1.5x5D)
0.0028819 0.0027566 0.0026313 0.002506 0.0023807 0.0022554 0.0021301
NODAL
L%TD?EEST Casel Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Y DIR
105 23.899 23.996 24.102 32.472 32.927 33.422 33.962
112.5 22.980 23.073 23.175 31.223 31.660 32.136 32.656
120 22.060 22.150 22.248 29.974 30.394 30.851 31.350
127.5 21.141 21.227 21.321 28.725 29.127 29.565 30.043
135 20.222 20.304 20.394 27.476 27.861 28.280 28.737
142.5 19.303 19.381 19.467 26.227 26.595 26.994 27.431
150 18.384 18.459 18.540 24.978 25.328 25.709 26.125
157.5 17.464 17.536 17.613 23.729 24.062 24.423 24.819
165 16.545 16.613 16.686 22.480 22.795 23.138 23.512
172.5 15.626 15.690 15.759 21.231 21.529 21.853 22.206
180 14.707 14.767 14.832 19.982 20.263 20.567 20.900
187.5 13.788 13.844 13.905 18.734 18.996 19.282 19.594
195 12.869 12.921 12.978 17.485 17.730 17.996 18.287
Randomness of the Design variables:
Mean Yield Stresg( f, ) 250 Mpa
COV of f, 0.10
CQV of C/S area of 0.10
dement (A)
COV of Nodal Load (P) 0.10
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Fig:5.40 changein reliability indices of truss elements(1,2,3,4 & 5) dueto variation of c/sarea

and reduction of E-value of failure element.
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reduction of E-value of failure element.
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Fig: 5.48 Bar chart of Reliability Indices of truss element for case 3
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Fig: 5.52 Bar chart of Reliability Indices of truss element for case 7

5.3.2 Discussion on Result of Example 3

In the 3" example, same truss geometry has considered as in case of example 2. In that case
the cross sectiona area of the most critical failure element is varied from (Mean-1.5xSD) to
(Mean+1.5xSD) with increment c/s area of 0.50xSD. The modulus of elasticity of the critical
elements is aso reduced to 0.20 times initial E-value. Accordingly, the reliability analysis for
the all seven cases has been made and variations of reliability index of the truss element are
plotted with variation of cross sectional area and reduction of E-value of critical member. The
result isindicating that abrupt reduction in reliability index of element no 2, 6, 14, 13 and 19.
From that Example we can easily detect the elements which are more vulnerable to reduction
of its reliability index due to variation of ¢/s area of any element and reduction of E-value of
the critical failure element. Thisis aso noted that increase in reliability index is observed in
element no: 18, 7 & 3 for redistribution of forces. Since according to axia rigidity of the
members, some elements attracts more force than other elements. Using this algorithmic
code, it may possible to comment on which members are more vulnerable due to variation of

cross sectional area of any element.

From the above study it has been found that, variation of cross sectiona area of the critical
element results gradual declination of reliability indices of the elements. However, reliability
indices of few elements are increased to some extents may be due to redistribution of forces.
Reliability indices of the elements are abruptly reduced when modulus elasticity of the failure

element is nominally fixed to 20% of the initial “E” Value.
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Chapter 6

CONCLUSION AND FUTURE SCOPE OF WORK

6.1 Concluding Remarks:

In the present study, reliability of staticaly determinate and indeterminate trusses has been
estimated. The detection of critical failure path is aso attempted for the indeterminate truss.
An agorithm is developed for the truss structure in MATLAB platform to obtain the
reliability index and subsequent critical failure path based on finite element formulation with
due consideration of the randomness both in material, load and geometrical properties. The
proposed model is demonstrated numerically using different statically determinate and
indeterminate trusses. Based on the numerical studies of the truss structures, the following the

conclusions may be drawn.

e Reliability estimation of truss elements depends on various random variables and
objective function of limit state of collapse as considered.

e Parametric study on reliability index with the effect of gradual decrement of cross-
sectional areas on the elemental reliability index has been studied. It isfound that with
the reduction of c/s area of critical element (min b ), the reliability indices reduced in

most of the other elements of the truss.

e Rdliahility indices of the elements are abruptly reduced when modulus of elasticity of
the critical failure element is drastically reduced to its 20% of the initial “E” value.

e Assuming the failure of the most critical element (significantly reduced E), change in

b (Reliability Index) for the other elements has been sequentially evaluated.

e The detection of critical path of the structure is significantly important for the overall
safety consideration. Attempt has been made to identify the critical failure path based
on the sequence of reliability index based degraded el ement.
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6.2 Future Scope of Work:

e The methodology developed for reliability analysis of truss structure may be further
extended to other structure such as moment resisting frame.

e System reliability analysis may be further extended to higher level on the basis of

series system where elements are parallel system with multiple (2, 3, 4 ...) failure

el ements.

e Reliability based System Identification may be performed for the structures

e Member Optimization based on the estimation of reliability of different elements may

be performed for economic design.

e The limit state function for serviceability may be incorporated along with the
considered limit state of collapse using the reliability of different elements of the

structures.

o Development of retrofit strategy based on the system reliability of the structure.
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APPENDIX |

%% MATLAB CODE FOR LI NEAR ELASTI C ANALYSI S OF TRUSS FOR VARI ABLE LOADS
%0 MATLAB CODE FOR RELI ABI LI TY ANALYSI S OF TRUSS STRUCTURE

cl ear al

cl ose al

% oi nt coordi nat e(node_no, X, Y, Z) (SI ZE OF MATRI X: nos of node x 4)
joicoor = xlsread('truss_105 indt_AE ,'sheetl','al:d13");
%renber connectivity(Mem no, staring node, ending node)....
% (SI ZE OF MATRI X: nos of menber X 3)

mem con= x| sread('truss_105 indt AE','sheetl','f1:h26");
% o_nenrnos of truss el ement

no_men¥si ze(mem con, 1) ;

%o_node=nos of joint/nodes

no_node=si ze(j oi coor, 1);

% os_dof :total nos of degree of freedom

nos_dof =3*no_node;

% ength of truss nmenber (Sl ZE OF VECTOR: no_nem x 1)

% nmene= |l ength of each truss el enent
L_nemrzeros(no_nem 1) ;

for i=1:no_nem
L_nmem(i)=sqrt((joicoor(nmemcon(i,2),2)-joicoor(nmemcon(i,3),2))"2...
+(j oi coor (mem con(i, 2), 3)-j oi coor(memcon(i, 3),3))"2+..

(j oi coor (nmem con(i, 2),4)-joicoor(nmemcon(i,3),4))"2);

end

for i=1:no_nem

a = nemcon(i, 2:3);
b = joicoor(a(2),2:3);
c = joicoor(a(l),2:3);

delta = b'-c';

thetal(i) = atan(delta(2)/delta(l));

end

%roung Modul us of nenbers vector(E_ VECTOR Sl ZE: Nos of nmenber X 1)
% E_meme Young nodul us of truss el enents

E mem = xl sread('truss_ 105 indt_ AE,'sheetl','k32:957");

% E_nmenmrzeros(no_nmem 1) ;

%area_nmemrarea of the nenbers(SIZE OF VECTOR: Nos of nenber X 1)
area_mem = x|l sread('truss_105 indt_ AE',"'sheetl1','a32:h57");

No_r ow _Col _area_mat =si ze(area_nen

No_col area_mat=No_row Col area_mat (1, 2)

No_row area_mat=No_row Col area_mat (1, 1)

area_mem =area_nem (1: No_row _area_mat, 2: No_col _area_nat)

%osi nes of nmenbers w.r.t gl obsl coordinate system

% (S| ZE OF VECTOR: Nos of nenber x 1)

CX_nmemrzeros(no_nmem 1) ;

for i=1:no_nem

CX_mem(i)= (joicoor(nmemcon(i,3),2)-joicoor(nmemcon(i,2),2))/L_men(i);
end

CY_memrzeros(no_mem 1) ;

for i=1:no_nem

CY_nmem(i)= (joicoor(nmemcon(i,3),3)-joicoor(memcon(i,2),3))/L_men(i);
end

CZ_memrzeros(no_mem 1) ;

for i=1:no_mem

CZ mem(i)= (joicoor(nmemcon(i,3),4)-joicoor(memcon(i,2),4))/L_men(i);
end

t het a=zeros(no_mem 1) ;

for i=1:no_mem

thi tax(i)=acos(CX_rmem(i))*180/ pi
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thitay(i)=acos(CY_nen(i))*180/ pi
thitaz(i)=acos(CZ nmen(i))*180/ pi
end

YELEMENTW SE STl FENESS MATRI X W R T LOCAL COORDI NATE SYSTEM
% ele:elemental stiffness matrix(size: 6x6)

%legree of freedom of each node=3

K el e=zeros(6, 6);

for i=1:no_nem

for i2=1:(No_col area nat-1)
Kele(:,:,i,i2)=((area_nmen(i,i2)*E_men(i,2)/L_menm(i))*...
[CX_men(i)”~2, CX _men(i)*CY_nmen(i), CX_nmen(i)*CZ_men(i), ...
-CX_mem(i)"2, -CX_men(i)*CY_nmen(i), - CX_nmen(i)*CZ_men(i );
CY_men(i)*CX_menm(i), CY_nmen(i)"2, CY_nen(i)*CZ_men(i),
-CY_mem(i)*CX_men(i),-CY_men(i)"2,-CY man”(i) (074 nem(l)
CZ_mem(i)*CX_men(i), CZ men(i)*CY_nen(i), CZ_men(i )"2,...
-CZ mem(i)*CX_mem(i),-CZ nmenm(i)*CY_ man(l) -CZ mem(i)"2; ...
-CX mem(i)"2,-CX nmem(i)*CY_men(i),-CX mem(i)*CZ_men(i), ...
CX_mem(i)"2, CX_men(i)*CY_nmenm(i), CX_ nmen(i)*CZ _nmen(i);...
-CY_nmem(i)*CX_mem(i),-CY_nmem(i)"2,-CY_nmem(i)*CZ_mem(i), ...
CY_men(i)*CX_men(i), CY_nmen(i)"2, CY_men(i)*CZ_men(i);...
-CZ mem(i)*CX_mem(i),-CZ _men(i )*CY_man(l) -CZ mem(i)"2, ...
CZ_men(i)*CX_rmen(i), CZ_men(i)*CY_nen(i),CZ_nmen(i)"2]);

end

end

% end

% GLOBAL STI FFNESS MATRI X w.r.t GLOBAL COORDI NATE SYSTEM
%yl obal stiffness matrix(nos of DOFxnos of DOF)

K gl bl =zer os(nos_dof, nos_dof, (No_col _area nat-1));

for i=1:no_nmem

for i2=1:(No_col area mat-1)

n=nem con(i, 2);

m=nem con(i, 3);

h=1: 3;

g=1: 3;

r=1:3;

k=1: 3;

| =4: 6;

p=4: 6;

K gl bl((3*(n 1) +h), (3*(n-1)+q),i2)=K gl bl ((3*(n-1)+h), (3*(n-1)+q),i2)+...
Kele(r, ,12);

K gl bl((3*(n 1)+h), (3*(m 1) +q),i2)=K gl bl ((3*(n-21)+h), (3*(m1)+q),i2)+...
Kele(r,I,i,i2);

K gl bI((3*(m1)+h) (3*(n-1)+qg),i 2)=K gl bl ((3*(m 1) +h), (3*(n-1)+q),i2)+. ..

Kele(l,r,i,i2);

Kglbl ((3*(m1)+h), (3*(m1)+q),i2)=K glbl ((3*(m1)+h), (3*(m1)+q),i2)+. ..
Kele(l,p,i,i2);

end

end

% Nodal forces DEAD LOAD MATRI X (node_no,force in X, force in Y, force in 2)
% (SI ZE: Nos_of node X 4)

nodal _force_matrix_DL=xlsread('truss_105 indt_ AE,'sheet1','r1:ul3");
nodal _force_matrixl DL=nodal force matrix_DL(1l:no_node, 2:4)";

nodal for_vec_DL=nodal force matrix1l DL(:);

redandent _for_vec_DL=zeros((no_node), 1);

for i=1:(no_node);

redandent _for_vec_DL(i)=nodal for_vec DL(3*i);

end

% RESTRAI NED NODES: WHERE SUPPCRTS ARE PROVI DED

restrai ned_nodes=xl sread('truss_105 indt_ AE ,'sheetl','pl:p2');

o%mos_rest: NOS OF NODE WHERE SUPPORTS ARE PROVI DED
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nos_rest=si ze(restrai ned_nodes, 1);

% est _di r: RESTRAI NED DI RECTI ON

rest_dir=zeros(nos_rest, 3);

for i=1:nos _rest;

j =1:3;

rest_dir(i,j)=3*(restrained nodes(i,1)-1)+j;

end

% estrai ned_direction of support nodes NMATRI X(support _no, direction X Y, 2)
rest _dir _trans=rest dir';

rest _dir_vector=rest _dir_trans(:);

% est _dir_vectorl: VECTOR OF RESTRAI NED DI RECTI ON
rest_dir_vectorl=rest _dir_vector(:);

%act dof =ACTI VE DEGREE OF FREEDOM WHERE TRANSLATI ON | S PCSSI BLE
act _dof =setdiff([1:nos_dof]',rest_dir_vectorl);

% dir_res: DI PLACEMENT DI RECTI ON ALONG Z- AXI S

Z dir_res=zeros((size(act_dof,1)/3),1);

for i=1:(size(act_dof,1)/3);

Z dir_res(i)=act_dof (3*i);

end

% rest_dir_vector2=[act_dof; Z dir_res]

%act i veDoF: DI RECTI ON OF THE UNKNOWN DEGREE OF FREEDOM
activeDof =setdi ff(act _dof,Z dir_res);

% Nodal forces DEAD LOAD MATRI X (node_no,force in X, force in Y, force in 2)
% (SI ZE: Nos_of node X 4)

nodal force matrix_DL=xlsread(' truss 105 indt_ AE','sheetl','r1:ul3");
nodal force_matrixl DL=nodal force matrix_DL(1l:no_node, 2:4)";
nodal for_vec_DL=nodal force matrix1l DL(:);

nodal _for_vec_DL=nodal _for_vec_DL(activeDof);

% NI TI AL EXTERNAL FORCE I N ACTI VE NODES( SI ZE: ACTIVE DOF X 3)
external forceinitial DL=zeros(nunel (activeDof), no_node);

for i=1:no_node;

for j=1:nunel (activeDof);

external forceinitial _DL(:,i)=nodal _for_vec DL(:,:);

end

end

unit_di ag DL=eye(nunel (activeDof), nunel (acti veDof));

for i=1:nunel (activeDof);

for j=1:numel (activeDof);

external forceinitial _DL1(i,j)=externalforceinitial DL(j,1)...
*unit_diag DL(j,i);

end

end

%1 NAL STI FFNESS MATRI X OBTAI NED AFTER DELETI NG ROAS AND COLS OF KNOWN
%OO0F DI RECTI ONS

for i2=1:(No_col area nat-1)

finalstiffness(:,:,i2)=K glbl(activeDof, activeDof,i2);

end

% aa=i nv(final stiffness);

%J)=DI SPLACEMENT | N ACTI VE DOF DI RECTI ON

di sp(' Di spl acenets | N ACTI VE DEGREE OF FREEDOM DI RECTI ONS' )
for i=1:nunel (activeDof);

for i2=1:(No_col area nat-1)

UDL f(:,i,i2)=inv(finalstiffness(:,:,i2))*externalforceinitial _DL1(:,i);
end

end

% STANDARD DEVI ATI ON of DEAD LOAD

SD DEADLOAD=xI| sread('truss_ 105 indt AE','sheetl','wl:z13");

SD DEADLQAD matri x1 DL=SD DEADLOAD(1: no_node, 2: 4)";
SD_DEADLOAD DL=SD DEADLOAD matrix1_DL(:);

SD DEADLQADI ni tial _1=SD DEADLOAD DL(acti veDof);

SD DEADLQADI ni ti al =zer os(nunel (acti veDof), no_node);
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for i=1:no_node;

for j=1:nunel (activeDof);

SD DEADLQADI nitial (:,i)=SD DEADLQADI nitial _1(:,:);

end

end

unit_di ag_DLSD=eye(nunel (activeDof), nunel (activeDof));
for i=1:nunel (activeDof);

for j=1:numel (activeDof);

SD DEADLQADI nitial _1(i,j)=SD DEADLOADI nitial (j,1)*unit_diag DLSD(j,i);
end

end

% i DENOTI NG NOS OF VALUES OF EXTERNAL FORCE=12

% j DENOTI NG | NCREMENT OF FORCE=+0.5 FOR EACH STEP
for i=1:1:13;

j=-3:0.5:3;
for k=1:nunel (activeDof);
for i 2=1: (No_col _area_nat-1)

external force DL(:,k,i)=externalforceinitial DL1(:,Kk)+j (i)*...

SD DEADLQADI nitial _1(:,k);

% DI SPLACEMTA AT ACTI VE DOF FOR EACH SET OF | NCREMENT OF FORCE

UDL f1(:,k,i,i2)=inv(finalstiffness(:,:,i2))*externalforce DL(:,k,i);
end

end

end

% end

% disp dir vs displacenent val ue for DEAD LOAD

dir_di sp_DL=zeros(size(activeDof, 1), nunel (acti veDof), (No_col area mat-1));
for i=1:13;

for k=1:numel (activeDof);

for i 2=1: (No_col _area_nat-1)

dir_disp DL(:,k,i,i2)=[UDL_f1(:,k,i,i2)];
end

end

end

dir_displ=[(1: nos_dof)', zeros(nos_dof, no_node)];
dir _di sp2_DL=zer os(nos_dof, nunel (activeDof), 13, (No_col area mat-1));

di sp(' Di spl acenet _direction....... Di spl acenent ')
for i=1:size(activeDof,1);
for j=1:13;

for k=1:nunel (activeDof);

for i2=1:(No_col area nat-1)

dir_disp2 DL(activeDof(i),k,j,i2)=dir_disp2 DL(activeDof(i),k,j,i2)+. ..
dir_disp DL(i,k,j,i2);

end

end

end

end
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%0l SPLACEMENT DI RECTI ON OF EACH NCDES(disp_in X, Disp_in_Y,Disp_in_2)
di sp_di r=zer os(no_node, 3);

for i=1:no_node;

for j=1:3;
disp_dir(i,j)=3*(joicoor(i,1)-1)+j;
end

end

% node_vs_disp_dir( Node_No, disp_dir_X disp_dir_Y,disp_dir_2)
node _disp_dir=[joicoor(:,1),disp _dir];

% F1 DL: Menber _Forces OF THE TRUSS ELEMENTS due to DEAD LOAD
F1_DL=zer o0s(13, nurel (activeDof), no_nmem (No_col _area_mat-1));
for i=1:no_nem

for j=1:13;
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for k=1:nunel (activeDof);

for i2=1:(No_col area nat-1)

%1 DL(j,i)=MEMBER FORCES OF MEMBER i

disp('F1L DL(j,k,i")

F1 DL(j,k,i,i2)=(E_men(i,
-CY_ment(i),

*[dir_disp2_DL((node_disp_dir(memcon(i
12),3)).kj,i2),
1 2),4)).kj,i2),
:3).2)).kj,i2),
0 3),3)). kj,i2),
0 3),4)). ki j,i2)]";

dir_di sp2_DL((node_disp_dir(nmemcon(i
dir_di sp2_DL((node_disp_dir(nmemcon(i
dir_di sp2_DL((node_disp_dir(nmemcon(i
dir_di sp2_DL((node_disp_dir(nmemcon(i
dir_di sp2_DL((node_disp_dir(nmemcon(i

2) *area_men(i
-CZ_men(i), CX_nmen(i), CY_nen(i),CZ _men(i)]...

FOR j TYPE FORCE PATTERN
i 2)/L_men(i))*[-CX_men(i),

2),2)),k,j,i2),

end

end

end

end

% GRAPHI CAL REPRESENTATI ON OF THE STRUCTURE

for i=1:no_mem
X_men(i,:)=[]oicoor(memcon(i,2),2),joicoor(memcon(i,3),2)];
Y_nmen(i,:)=[]oicoor(memcon(i,2),3),joicoor(nmemcon(i,3),3)];
Z men(i,:)=[]oicoor(memcon(i,2),4),joicoor(nmemcon(i,3),4)];
plot3(X menm(i,:),Z men(i,:),Y menm(i,:), r-")

hol d on

end

x|l abel (" X- AXI S")

yl abel (' Z- AXI S")

zl abel (" Y-AXI S")
%VEMBER END FORCES DUE
F1_DL_menber _1=F1 DL(1
F1_DL nmenber 2=F1 DL(1
F1_DL nmenber 3=F1 DL(1
F1_DL_menber_4=F1 DL (1
F1_DL_menber 5=F1 DL(1
988N

% | oad conbi nation Dl +LL

%venber end forces due to D +LL conbination for
%t a particular node point
Force_DL_menber =zer os(13, no_node, no_nem (No_co

TO PRI MARY LOADS
13, 1: nurel (act i veDof
13, 1: nunel (act i veDof No_ _col

), 1, 1:( _area_mat-1));
). 2, 1 (

13, 1: nunel (activeDof), 3, 1: (No_co
). 4, L (
). 5, 1:(

_area_mat-1));
_area_mat-1));
_area_mat-1));
_area_mat-1));

13, 1: nunel (act i veDof No_col
13, 1: nurel (act i veDof

applied single nodal |oad

_area_mat-1));

for i=1:no_nmem

for j=1:13;

for i2=1:(No_col area nat-1)

for k=1:nunel (activeDof);

Force_DL _rmenber(j,k,i,i2)=F1_DL(j,k,i,i2);

end

end

end

end

Force_DL_menber _1=Force_DL_rmnenber (1: 13, 1: nurnel (acti veDof),

1,1:(No_col _area_mt-1));

Force DL nmenber 2=Force_DL_nenber(1: 13, 1: nunel (activeDof), 2, ..
1: (No_col _area mat-1));

Force DL _nenber 24=Force_DL nenber(1: 13, 1: nunel (acti veDof), 24, ..
1: (No_col _area_mat-1));

Force_DL_rmenber _25=Force_DL_nenber (1: 13, 1: nunel (acti veDof), 25, ..
1: (No_col _area mat-1));

Force DL _nenber_ 26=Force_DL nenber (1: 13, 1: nunel (acti veDof), 26, ..
1: (No_col _area mat-1));

9RB8L88%

% | oad conbi nation DL+LL

%venmber end forces due to D +LL conbi nation for

%t sel ected node points

applied nodal |oad
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Force_DL_whol e=zeros(13, 1, no_nmem (No_col area_mat-1));
for i=1:no_nem

for k=1: no_node;

for j=1:13;

for i2=1:(No_col area nat-1)

Force DL whole(j,:,i,i2)=sum Force DL nenber(j,:,i,i2));
end

end

end

end

Force DL total =zeros(13,1,no_nmem (No_col area_mat-1));
for i=1:no_nem

for j=1:13;

for i2=1:(No_col area nmat-1)

Force DL total (j,:,i,i2)=sum Force DL whole(j,:,i,i2));
end

end

end

di sp(' calcul ate tensile and conpressive capacity of all truss elenent')
Ygetermnstic tensile resistance of truss nmenmbers
%conpute tension resisntance of each tross el ement

for i=1:no_nem

SI G_Y(i)=250000;

end

R tensi on=zeros(no_nmem 1, (No_col area_mat-1));

for i=1: no_nmem

for i2=1:(No_col area nat-1)

R tension(i,:,i2)=area_nmem(i,i2)*SIG Y(i);

end

end

%conput e conpression resisntance of each tross el enent

for i=1:no_nem

for i2=1:(No_col area mat-1)

SI G Y(i,i?2)=250000;

end

end

% actor _to be change as per code

factor_1 = xlsread('truss_105 indt_ AE ,'sheet7','ab6:ab31");
for i=1:no_nmem

for i2=1:(No_col area nat-1)

% factor(i,i?2)=0.7;

factor(i,i2)=factor_1(i);

end

end

% luu_nmem = xlsread('truss_1 indt_e3",'sheetl ,'acl:ad5);
R comp=zeros(no_nmem 1, (No_col area mat-1));

for i=1:no_nem

for i2=1:(No_col area mat-1)

R comp(i,:,i2)=area_men(i,i2)*factor(i,i2)*SIG Y(i,i?2);

% R _comp(i,:,i2)=((pi ()"2*E_menm(i,2)*luu_nmen(i,2)/(L_men(i)"2)));
end

end

for i=1:no_nmem
for i2=1:(No_col area nmat-1)

if Force DL total (:,:,i,i2)<0;
typ(i,i2)={"conpression'}

el se

typ(i,i2)={"tension'}

end

end

end
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for i=1: no_mem
for i2=1:(No_col area nat-1)

if Force DL total (:,:,i,i2)<0;
nmode(i, i 2)=0

el se

node(i,i2)=1

end

end

end

for i=1: no_mem
for i2=1:(No_col area nat-1)

if Force DL total (:,:,i,i2)<0;
capacity(i,:,i2)=R conmp(i,:,i?2)

el se

capacity(i,:,i2)=R tension(i,:,i2)
end

end

end

for i=1: no_nem

for i2=1:(No_col area nat-1)

if Force DL total (:,:,i,i2)<0

if abs(mn(Force DL total (:,:,i,i2)))>capacity(i,:,i2);
%if abs((Force DL total (7,:,i,i2)))>capacity(i,:,i?2);
% E _men(i,i2)=0.3*E _men(i,i?2)

E men(i,i2)=0.20*E_nmen(i,i2);

end

end

end

end

for i=1: no_mem

for i2=2:(No_col _area nat-1)

if Force DL total (:,:,i,i2)<0

if E_men(i,i2)>E nmen(i, (i2-1));

E men(i,i2)=E nmen(i,i?2)

end

end

end

end

for i=1: no_nem

for i2=1:(No_col area mat-1)

if Force DL total(:,:,i,i2)>0

if abs(max(Force DL total (:,:,i,i2)))>capacity(i,:,i2);
%if abs((Force DL total (7,:,i,i2)))>capacity(i,:,iZ2);
% E _men(i,i2)=0.3*E_men(i,i?2)

E men(i,i2)=0.20*E men(i,i2)

end

YREPEA

% epeate fem

YELEMENTW SE STl FENESS MATRI X W R T LOCAL COORDI NATE SYSTEM
% ele:elemental stiffness matrix(size: 6x6)

%legree of freedom of each node=3

K el e=zeros(6, 6);

for i=1:no_nem

for i2=1:(No_col area nat-1)
Kele(:,:,i,i2)=((area_nmen(i,i2)*E_men(i,i2)/L_nmenm(i))*...
[CX_men(i)”~2, CX _men(i)*CY_nmen(i), CX_men(i)*CZ_men(i), ...
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-CX_mem(i) "2, -CX_men(i)*CY_nmen(i), - CX_nmem(i)*CZ_menm(i);
CY_men(i)*CX_menm(i), CY_nmenm(i)"2, CY_nem(i)*CZ_menm(i), ..
-CY_men(i)*CX_men(i),-CY_men(i)"2,-CY_nmen(i)*CZ_men(i);
CZ_mem(i)*CX_menm(i), CZ men(i)*CY_nem(i),CZ men(i)"2,.

-CZ mem(i)*CX_nmen(i),-CZ menm(i)*CY_nen(i), —CZ_nen(i)AZ;..
-CX_mem(i)"2,-CX_men(i)*CY_nmen(i), - CX nen(|) CZ_men(i), ...
CX_mem(i)"2, CX_men(i)*CY_nmen(i), CX_nmen(i)*CZ_nmen(i);...
-CY_nmem(i)*CX_mem(i),-CY_nmem(i)"2,-CY_nmem(i)*CZ_mem(i), ...
CY_men(i)*CX_men(i), CY_nmen(i)"2, CY_men(i)*CZ_men(i); ...
-CZ_nen(i)*Cx_nen(i),-CZ_nen(i)*CY_nen(|) -CZ_menm(i)"2, ...
CZ_men(i)*CX_nmen(i), CZ_men(i)*CY_nen(i),CZ_nmenm(i)"2]);

end

end

% end

% GLOBAL STI FFNESS MATRI X w.r.t GLOBAL COORDI NATE SYSTEM
%yl obal stiffness matrix(nos of DOFxnos of DOF)

K gl bl =zer os(nos_dof, nos_dof, (No_col _area nmat-1));

for i=1:no_nmem

for i2=1:(No_col area mat-1)

n=nem con(i, 2);

m=nem con(i, 3);

h=1: 3;

g=1: 3;

r=1:3;

k=1:3;

| =4: 6;

p=4: 6;

K gl bl ((3*(n 1)+h), (3*(n-1)+q),i2)=K gl bl ((3*(n-1)+h), (3*(n-1)+q),i2)+..
Kele(r, ,12);

K gIbI((3*(n 1)+h), (3*(m 1) +q),i2)=K_gl bl ((3*(n-1)+h), (3*(m1)+q),i2)+..
Kele(r,I,i,i2);

K gIbI((3*(n11)+h) (3*(n-1)+q),i 2)=K gl bl ((3*(m 1) +h), (3*(n-1)+qg),i2)+..
Kele(l,r,i,i2);

K gIbI((3*(n11)+h) (3*(m1)+q),i2)=K gl bl ((3*(m1)+h), (3*(m1)+q),i2)+..
K ele(l, 1 2);

end

end

% Nodal forces DEAD LOAD MATRI X (node_no,force in X, force inY, force in 2)
% (SI ZE: Nos_of node X 4)

nodal _force_matrix_DL=xlsread('truss_105 indt_ AE','sheet1','r1:ul3");
nodal _force_matrix1l DL=nodal _force_matrix_DL(1: no_node, 2: 4)

nodal for_vec_DL=nodal force matrix1l DL(:);

redandent for_vec_DL=zeros((no_node), 1);

for i=1:(no_node);

redandent _for_vec_DL(i)=nodal for_vec DL(3*i);

end

% RESTRAI NED NODES: WHERE SUPPCORTS ARE PROVI DED

restrai ned_nodes=xl sread('truss_105 indt_ AE,'sheetl','pl:p2');
%mos_rest: NOS OF NODE WHERE SUPPORTS ARE PROVI DED

nos_rest=si ze(restrai ned_nodes, 1);

% est _dir: RESTRAI NED DI RECTI ON

rest _dir=zeros(nos_rest, 3);

for i=1:nos_rest;

j=1:3;

rest_dir(i,j)=3*(restrained_nodes(i,1)-1)+j;

end

% estrai ned_direction of support nodes NMATRI X(support_no, direction XY, 2)
rest _dir_trans=rest _dir";

rest_dir_vector=rest_dir_trans(:);

% est _dir_vectorl: VECTOR OF RESTRAI NED DI RECTI ON
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rest_dir_vectorl=rest _dir_vector(:);

%act _dof =ACTI VE DEGREE OF FREEDOM WHERE TRANSLATI ON | S POSSI BLE

act _dof =setdiff([1:nos_dof]',rest_dir_vectorl);

% dir_res: Dl PLACEMENT DI RECTI ON ALONG Z- AXI S

Z dir_res=zeros((size(act_dof,1)/3),1);

for i=1:(size(act_dof,1)/3);

Z dir_res(i)=act_dof (3*i);

end

% rest _dir_vector2=[act _dof;Z dir_res]

%act i veDoF: DI RECTI ON OF THE UNKNOWN DEGREE OF FREEDOM
activeDof =setdi ff(act _dof,Z dir_res);

% Nodal forces DEAD LOAD MATRI X (node_no,force in X, force inY,

% (SI ZE: Nos_of node X 4)

nodal _force_matrix_DL=xlsread('truss_105 indt_ AE,'sheet1','r1:ul3");
nodal _force_matrixl DL=nodal force matrix_DL(1l:no_node, 2:4)";

nodal for_vec_DL=nodal force matrix1l DL(:);
nodal for_vec_DL=nodal for_vec DL(activeDof);

9% NI TI AL EXTERNAL FORCE | N ACTI VE NODES( SI ZE: ACTI VE DOF X 3)
external forceinitial _DL=zeros(nunel (activeDof), no_node);

for i=1:no_node;

for j=1:nunel (activeDof);

external forceinitial _DL(:,i)=nodal _for_vec DL(:,:);
end

end

unit_di ag DL=eye(nunel (activeDof), nunel (acti veDof));
for i=1:nunel (activeDof);

for j=1:nunel (activeDof);

external forceinitial _DL1(i,j)=externalforceinitial DL(j,1)...

*unit_diag DL(j,i);
end
end

%-1 NAL STI FFNESS MATRI X OBTAI NED AFTER DELETI NG ROAS AND CCOLS OF KNOWN

%OO0F DI RECTI ONS

for i2=1:(No_col area mat-1)
finalstiffness(:,:,i2)=K glbl(activeDof, activeDof,i2);
end

% aa=i nv(finalstiffness);

%J)=DI SPLACEMENT | N ACTI VE DOF DI RECTI ON

di sp(' Di spl acenets | N ACTI VE DEGREE OF FREEDOM DI RECTI ONS')

for i=1:nunel (activeDof);
for i2=1:(No_col area nat-1)

UDL f(:,i,i2)=inv(finalstiffness(:,:,i2))*externalforceinitial DL1(:,i);

end
end
% STANDARD DEVI ATI ON of DEAD LQOAD

SD DEADLOAD=xI| sread('truss_105 indt AE,'sheetl','wl:z13");

SD DEADLQOAD matri x1 DL=SD DEADLOAD(1: no_node, 2: 4)";
SD_DEADLOAD DL=SD DEADLOAD matrix1_DL(:);

SD DEADLQADI ni tial _1=SD DEADLQAD DL(acti veDof);

SD DEADLQADI ni ti al =zer os(nunel (acti veDof), no_node);
for i=1:no_node;

for j=1:nunel (activeDof);

SD DEADLQADI nitial (:,i)=SD DEADLQADi nitial _1(:,:);
end

end

unit_di ag_DLSD=eye(nunel (activeDof), nunel (activeDof));
for i=1:nunel (activeDof);

for j=1:numel (activeDof);

SD DEADLOADI nitial _1(i,j)=SD DEADLQADI nitial (j,1)*unit_diag DLSD(j,i)

end
end

force in 2)
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% i DENOTI NG NOS OF VALUES OF EXTERNAL FORCE=12
% j DENOTI NG | NCREMENT OF FORCE=+0.5 FOR EACH STEP
for i=1:1:13;

j=-3:0.5:3;
for k=1:nunel (activeDof);
for i 2=1: (No_col _area_nat-1)

external force DL(:,k,i)=externalforceinitial DL1(:,Kk)+(i)*...

SD DEADLQADI nitial _1(:,k);

% DI SPLACEMTA AT ACTI VE DOF FOR EACH SET OF | NCREMENT OF FORCE

UDL f1(:,k,i,i2)=inv(finalstiffness(:,:,i2))*externalforce DL(:,k,i);
end

end

end

% end

% disp dir vs displacenent val ue for DEAD LOAD

dir_di sp_DL=zeros(size(activeDof, 1), nunel (acti veDof), (No_col area mat-1));
for i=1:13;

for k=1:numel (activeDof);

for i 2=1: (No_col _area_nmat-1)

dir_disp DL(:,k,i,i2)=s[UDL_f1(:,k,i,i2)];
end

end

end

dir_di spl=[(1: nos_dof)', zeros(nos_dof, no_node)];
dir _di sp2_DL=zer os(nos_dof, nunel (activeDof), 13, (No_col area mat-1));

di sp(' Di spl acenet _direction....... Di spl acenent ')
for i=1:size(activeDof,1);
for j=1:13;

for k=1:numel (activeDof);

for i2=1:(No_col area nat-1)

dir_disp2 DL(activeDof(i),k,j,i2)=dir_disp2 DL(activeDof(i),k,j,i2)+. ..
dir_disp DL(i,k,j,i2);

end

end

end

end

%880

%0l SPLACEMENT DI RECTI ON OF EACH NCDES(disp_in X, Disp_in_Y,Dsp_in_2)
di sp_di r=zer os(no_node, 3);

for i=1:no_node;

for j=1:3;

disp dir(i,j)=3*(joicoor(i,1)-1)+;
end

end

% node_vs_disp_dir( Node_No, disp_dir_X disp_dir_Y,disp_dir_2)

node _di sp_dir=[joicoor(:,1),disp _dir];

% F1_DL: Menber _Forces OF THE TRUSS ELEMENTS due to DEAD LOAD

F1_DL=zer o0s(13, nurel (activeDof), no_nmem (No_col _area _mat-1));

for i=1:no_nmem

for j=1:13;

for k=1:nunel (activeDof);

for i2=1:(No_col area nat-1)

%1 DL(j,i)=MEMBER FORCES OF MEMBER i FOR j TYPE FORCE PATTERN

disp('FL DL(j,k,i")

F1 DL(j,k,i,i2)=(E_mem(i,i2)*area_nmen(i,i2)/L_men(i))*[-CX_nem(i), ...
-CY_mem(i),-CZ_men(i), CX_nmem(i),CY_nmen(i),CZ men(i)]...

*[dir_disp2 DL((node_disp_dir(nmemcon(i,2),2)),k,j,i2),...

dir_disp2_DL((node_disp_dir(nmemcon(i,2?2),3)),k,j,i2),...

dir_disp2_DL((node_disp_dir(nmemcon(i,2?2),4)),k,j,i2),...

dir_disp2 DL((node_disp dir(nemcon(i,3),2)),k,j,i2),...

dir_disp2 DL((node_disp dir(nemcon(i,3),3)),k,j,i2),...
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dir_disp2 DL((node_disp dir(nemcon(i,3),4)),k,j,i2)]";
end

end

end

end

%oefficient of Resistance

coeff _resistance=zeros(no_nem 1, (No_col area mat-1));
for i=1:no_nmem

for i2=1:(No_col _area nmat-1)

if Force DL total (:,:,i,i2)<0;

coeff resistance(i,i2)=factor(i,i?2);

el se coeff _resistance(i,i2)=1.000;

end

end

end

coeff resistance_area=zeros(no_nem 1, (No _col area mat-1));
for i=1:no_nem

for i2=1:(No_col _area nmat-1)

coeff _resistance_area(i,i2)=coeff_resistance(i,i?2)*area_men(i,i?2);
end

end

for i=1:no_nem

for i2=1:(No_col area nmat-1)

%if max(Force DL total (7,:,i,i2))>0 &% max(Force DL total (7,:,i,i2))>..
% R tension(i,i?2)
if max(Force DL total (:,:,i,i2))>0 &% nmax(Force DL total (:,:,i,i2))>. ..

R tension(i,i?2)
condition(i,i2)={"fail"};

%elseif mn(Force DL total (7,:,i,i2))<0 && ..

% abs(m n(Force_DL_total (7,:,1,i2)))>R conp(i,i?2);
elseif mn(Force DL total (:,:,i,i2))<0 && ..

abs(m n(Force DL total (:,:,i,i2)))>R conp(i,i?2);
condition(i,i2)={"fail"};

el se

condition(i,i2)={"ok'};

end

end

%o-relation between 2 random variabl es NODAL LOAD VS MEM END FORCES
% Y=atbX+cX2+dX3+eXd+. . .........

Y%usi ng nethod of |east square

for i=1:no_nmem

for i2=1:(No_col area mat-1)

mem force_mat _DL(:,:,i,i2) = F1 DL(:,:,i,i2);
end

end

%= number of corelation coefficient

n=2

% N matrix of size nxnx nos of truss nenber
N=zeros(n, n, no_nem ;
for i=1:n

for j= 1:n

for k=1:no_mem

NCi L J k) =(1-1)+(j-1);
end

end

end

for i=1:no_nmem
N(1,1,i)=0;

end
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Y%variable X

% MEAN AND STANDARD DEVI ATI ON OF NODAL LOADS(DL ONLY)

UDL = xlsread('truss_105 indt_AE ,'sheet4',' Al: A39');

SD DL= xl sread('truss_105 i ndt_ AE ,'sheet4','bl:b39");

U DL=U DL(activeDof);

SD DL=SD DL(activeDof);

DL_MAT=zeros(si ze(nem force_mat DL, 1), nunel (U DL), no_nmem ...
(No_col _area_mat-1))

for i=1:size(memforce_mat DL, 1);

for i2=1:(No_col area nat-1)

j=-3:0.5:3;

for k=1:nunel (U DL);

for mel: no_nem

DL_MAT(i, k, mi2)=UDL(k)+j(i)*SD DL(k);

end

end

end

end

% Al matrix of size nxn

Al DL=zeros(n,n,nurel (U DL), no_nmem (No_col _area nmat-1));

for i=1:n

for j=1:n

for k=1:numel (U DL);

for mel: no_nmem

for i2=1:(No_col area nat-1)

Al DL(i,j,k,mi2)=sum(DL_MAT(:,k,mi2).*N(i,j,m);

end

end

end

end

end

%11 is the inverse matrix of Al

for i=1:numel (U DL);

for mel: no_nmem

for i2=1:(No_col area nat-1)

All DL(:,:,i,mi2)=inv(AL DL(:,:,i,mi2));

end

end

end

b=nurel (acti veDof)

sum DL=zeros(n, b, no_mem (No_col area_mat-1));

for k=1:n;

for I=1:b ;

a=nunel (mem force_mat_DL(:,1));

for j=1:a;

for mel: no_nem

for i2=1:(No_col area nat-1)

sum DL(k, I, mi2)=sumDL(k,l,mi2)+(nemforce_mat DL(j,l,mi2)*...

DL_MAT(j,l,mi2)."N(1, k,m);
end

end

end

end

end

b=nurel (acti veDof)
coefficients_DL=zeros(n,b,no_nmem (No_col _area mat-1));
for i=1:n;

for j=1:b;

for mel: no_nmem

for i2=1:(No_col area nat-1)

coefficients DL(:,activeDof(j),mi2)=(Al1 DL(:,:,j,mi2))*sumDL(:,j,mi?2);
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end
end
end
end

% COMPONENT
% is the Iinear fuction of Random variable X1, X2, X3....Xn
%r=a0+alX1l+a2X2+a3X3+. .. ... +anXn

%VEAN OF Y=MJ Y=aO+al. Mu_Xl+a2. Mu_X2+a3. Mu_X3+...... +an. Mu_Xn

% A=coefficent vector of randomvariable Y

% A DL=zeros(no_mem nunel (U DL));

MJ _DL_act =[ acti veDof, U DL]

b=nurel (U _DL)

for j=1:b;

if MJDL act(j,?2)==0

MJ DL _act _dir(j)=activeDof (j);

end

end

MJ DL _act_dir_1=setdiff(activeDof, MJ DL_act _dir)

A DL=coefficients DL(:,MJ DL _act _dir_1,1:no_mem 1: (No_col _area_mat-1));
for i=1:no_nmem

for i2=1:(No_col area nat-1)

LEVEL

RELI ABI LI TY

ANALYSI S OF TRUSS STRUCTURE

ADL1(i,:,i2)=ADL(2,:,i,i2);
ADL2(i,:,i2)=ADL(1,:,i,i2);
end
end

%VEAN VECTOR OF RANDOM VARI ABLES X...here nodal DL, LL, W
Mu_X DL = xlsread('truss 105 indt AE,'sheet5 ,'Al: A5");
SD X DL= xlsread('truss_105 indt_AE ,'sheet5','Bl:B5");
Mu_Y _DL=zeros(no_nmem 1);

for mel: no_nmem

for i2=1:(No_col area nat-1)

MI_Y DL(mi2)=ADL1(m:,i2)*Mu_X_DL(:)+sun(A _DL2(m 1: nurmel (Mu_X DL),i2));
end

end

%D VECTOR OF VARABLE X...here for nodal |oad DL, LL, W
SQ SD Y DL=zeros(no_nem1);

for i=1:nunel (SD X DL)

for mel: no_nmem

for i2=1:(No_col area mat-1)
SQSDYDL(mi2)=((ADL1(mi,i2)*(SD X DL(i))))"2+SQ SD Y DL(m;
end

end

end

%rean and standard davi ations

for mel: no_nmem

for i2=1:(No_col area nat-1)

SD Y DL(mi2)=sqrt(SQSD Y DL(mi?2));

MY DLLL(mi2)=Mu_Y DL(mi2);

SD Y DLLL(mi2)=sqrt((SD.Y DL(mi2)"2));

end

:no_nmem
for 1: (No_col _area_mat-1)
MEAN_AREA MEMi , i 2)=area_mem(i,i2);
SD AREA MEM i, i 2)=0. 1*area_nem(i,i2);
SI G Y(i,i?2)=250000

SD SI G Y(i,i2)=25000

end
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end

p=1

n=1

%imt state function/safety margin against tension failure[R(i)+ -S(i)]

%imt state function/safety margin against conp failure[R(i)- +S(i)]

UR(i)+ indicates tensile capacity of truss nenber

9UR(i)+ indicates conpressive capacity of truss nenber

o%X1* vector original randomvariable in actual form

X1 DLLL=zeros(p, no_nem (No_col _area_mat-1));

X2 DLLL=zeros(p,no_nmem (No_col area mat-1));

X3 DLLL=zeros(p,no_nem (No_col area mat-1));

for i=1:no_nem

% CONSI DERI NG PERM SSI BLE COMPRESSI ON STRESS=FACTOR* Yl ELD STRESS

% factor(i)=0.7,

factor(i)=factor_1(i);

end

for i=l:p

for mel: no_nmem

for i2=1:(No_col area mat-1)

X1 _DLLL(i, mi2)=MEAN_AREA MEM m i 2);

if Mu_Y DLLL(M) >0 ;

X2_DLLL(i,mi2)=SIG Y(mi?2);

else X2 DLLL(i,mi2)=factor(m*SIG Y(mi 2);

end

if Mu_Y_DLLL(m>0

X3_DLLL(i, mi2)=MEAN_AREA MEM M i2)*SIG Y(mi2);

el se X3 DLLL(i,mi2)=-MEAN AREA MEMm i 2)*SIG Y(mi2)*factor(m;

end

end

end

% random vari ables in reduced form

Z1 DLLL=zeros(p,no_nmem (No_col area mat-1));

Z2 DLLL=zeros(p, no_nem (No_col _area_mat-1));

Z3 DLLL=zeros(p, no_nem (No_col _area_mat-1));

for i=l:p

for mrFl: no_nem

for i2=1:(No_col area nat-1)

Z1 DLLL(i,mi2)=(X1_DLLL(i,mi?2)-MEAN AREA MEM m i 2))/SD AREA MEM m i 2);

if MY DLLL(m>0

Z2 DLLL(i,mi2)=(X2_DLLL(i,mi2)-SIGY(mi2))/SD SIGY(mi?2);

else Z2(i,mi2)=(X2_DLLL(i,mi2)-factor(m*SIGY(mi2))/...
(factor(m*SD SIG Y(mi2)) ;

end

Z3 DLLL(i,mi2)=(X3_DLLL(i,mi2)-Mi_Y DLLL(mi2))/SD.Y DLLL(m i 2);

end

end

end

end

%PARTI AL DERI VATI VES

GL _DLLL=zeros(p, no_nmem (No_col area nat-1));

@& _DLLL=zeros(p, no_nmem (No_col area nmat-1));

&3 _DLLL=zeros(p, no_nmem (No_col area nat-1));

for i=1l:p

for mel: no_nmem

for i2=1:(No_col area nat-1)

Gl_DLLL(i,mi2)=-SIG Y(mi?2)*SD AREA MEM m i 2)

&_DLL(i,mi2)=-MAN_AREA MEM M i 2)*SD _SI G Y(mi 2)

if MY DLLL(m>0

G3_DLLL(i,mi2)=SD Y DLLL(mi 2)

else G3_DLLL(i,mi2)=-SD Y DLLL(mi 2)

end

124



end
end
end

%l emrentwi se partial deivative of I[imt state function w.r.t

% reduced vari ate

G DLLL=zeros(3,1,no_nem (No_col area mat-1));
for i=1:p;

for mel: no_nmem

for i2=1:(No_col _area nmat-1)

G DLLL(:,i,mi2)=[GL_DLLL(i,mi2); & _DLLL(i,mi2);G_DLLL(i, mi2)];

end

end

end

Z DLLL=zeros(3,1,no_nmem (No_col _area_mt-1));
for i=l:p

for mrl: no_nem

Z DLLL(:,i,mi2)=[Z1_DLLL(i,mi2);Z2 DLLL(i,mi2);Z3 _DLLL(i,mi2)];

end

end

% conponent reliability index initial values

Bl TA DLLL=zeros(p, 1, no_nem (No_col area mat-1))
for i=l:p

for mel: no_nmem

for i2=1:(No_col area mat-1)

BI TA DLLL(i, mi2)=(GDLLL(:,i,mi2)' *Z DLLL(:,i,mi2))/...

sqrt (G DLLL(:,i,mi2)" ...
*G DLLL(:,i,mi2));
end
end
end
% sesitivity factors
ALPHA DLLL=zeros(3,1, no_nem (No _col area mat-1));
for i=1:p;
for mel: no_nmem
for i2=1:(No_col area nat-1)

ALPHA DLLL(:,:,i,mi2)=GDLLL(:,i,mi2)/(sqrt(GDLLL(:,i,mi2)"*...
GDLLL(:,i,mi2)));

end

end

end

nil=1

BITA initial DLLL=zeros(p,no_nmem (No_col area_mat-1));

for i=1l:p

for mel: no_nmem

for i2=1:(No_col area nat-1)

BITA initial _DLLL(i,mi2)=BI TA DLLL(i,mi2);

end

end

end

X1 _changed DLLL=zeros(p, no_nem (No_col area nmat-1));
X2 _changed_DLLL=zeros(p, no_nem (No_col area nmat-1));
X3 _changed_DLLL=zeros(p, no_nem (No_col area nmat-1));
Z1 changed_DLLL=zeros(p, no_nem (No_col _area_mat-1));
Z2 _changed_DLLL=zeros(p, no_nem (No_col _area_mat-1));
Z3 changed DLLL=zeros(p, no_nem (No_col area mat-1));
GL_changed_DLLL=zeros(p, no_nem (No_col _area nmat-1));
@& _changed_DLLL=zeros(p, no_nmem (No_col _area _mat-1));
@&3_changed_DLLL=zeros(p, no_nmem (No_col _area_mat-1));

G changed_DLLL=zeros(3, no_nmem (No_col _area_mat-1));
ALPHA changed_DLLL=zeros(3,no_nmem (No_col area_mat-1));
Bl TA changed DLLL=zeros(p, no_nmem (No_col area_mat-1));
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for i=l:p
for nmel: no_nmem
for i2=1:(No_col area nmat-1)
Z1 changed DLLL(i,mi2)=ALPHA DLLL(1,i,mi2)*BITA initial DLLL(i,mi?2);
Z2 changed DLLL(i,mi2)=ALPHA DLLL(2,i,mi2)*BITA initial DLLL(i,mi?2);
end
end
end
for i=1:p;
for mel: no_nmem
for i2=1:(No_col area nat-1)
X1 _changed DLLL(i, mi2)=MEAN AREA MEM m i 2) +Z1 changed DLLL(i,mi2)*...
SD_AREA MEM m i 2);
if MY DLLL(m>0
X2 _changed DLLL(i,mi2)=SIG Y(m +Z2_changed DLLL(i,mi2)*SD SIG Y(mi 2);
el se X2_changed DLLL(i,mi2)=factor(m*SIG Y(mi2)+...
Z2 changed DLLL(i,mi2)*SD SIG Y(mi?2)*factor(n);
end
end
end
end
for i=i:p
for mel: no_nmem
for i2=1:(No_col area mat-1)
if Mu_Y_DLLL(m>0
X3 _changed DLLL(i,mi2)=X1_changed DLLL(i,mi 2)*X2 changed DLLL(i,mi 2)
el se X3 _changed DLLL(i,mi2)=-X1_changed DLLL(i,mi2)*...
X2 _changed DLLL(i,mi 2)
end
end
end
end
for i=1:p;
for mel: no_nmem
for i2=1:(No_col area nat-1)
Z3 changed DLLL(i,mi 2)=(X3_changed DLLL(i,mi2)-Mui_Y DLLL(mi2))/...
SD Y DLLL(m i 2);
end
end
end

for i=1l:p
for nmel: no_nmem
for i2=1:(No_col area nat-1)
Z_changed_DLLL(:,i,mi2)=[Z1_changed DLLL(i,mi?2);...
Z2 changed_DLLL(i,mi 2); Z3_changed_DLLL(i,mi2)];
end
end
end
for i=1l:p
for mel: no_nmem
for i2=1:(No_col area nmat-1)
GL_changed DLLL(i,mi2)=-X2 changed DLLL(i,mi2)*SD AREA MEM m i 2);
&_changed DLLL(i,mi2)=-X1_changed DLLL(i,mi2)*SD SIG Y(mi 2);
if MY DLLL(m>0
&3_changed DLLL(i,mi2)=SD Y DLLL(m i 2)
el se G3_changed DLLL(i,mi2)=-SD Y DLLL(m i 2)
end
end
end
end
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for i=l:p

for me1l: no_nmem

for i2=1:(No_col area nmat-1)

G changed_DLLL(:,i,mi2)=[Gl_changed_DLLL(i,miZ2);...
&_changed DLLL(i,mi2); G3_changed DLLL(i,mi2)];

end

end

end

for i=1l:p

for me1l: no_nmem

for i2=1:(No_col area nat-1)

ALPHA changed DLLL(:,i,mi2)=G changed DLLL(:,i,mi2)/...

(sqrt(G.changed_DLLL(:,i,mi2)" *...

G changed_DLLL(:,i,mi2)));

end

end

end

for i=1l:p

for mel: no_nmem

for i2=1:(No_col area nat-1)

Bl TA changed DLLL(i,mi?2)=(G changed DLLL(:,i,mi2)"*...
Z changed DLLL(:,i,mi2))/sqrt(G changed DLLL(:,i,mi2)"*...
G changed_DLLL(:,i,mi2));

end

end

end

for nrl: 26

for i2=1:(No_col area nmat-1)

Z1 changed_DLLL(nl1l, mi?2)=Z1_changed_DLLL(i,mi2);

Z2 changed DLLL(nl1l, mi2)=Z2 changed DLLL(i,mi2);

X1 _changed DLLL(nl, mi2)=X1_changed DLLL(i,mi2);

X2 _changed DLLL(n1, mi2)=X2 changed DLLL(i,mi2);

X3_changed_DLLL(n1l, mi2)=X3_changed_DLLL(i,mi2);

Z3 _changed_DLLL(nl1l, mi2)=Z3_changed_DLLL(i,mi2);

Z changed DLLL(:,n1,mi2)=[Z1 changed DLLL(Nn1, mi?2);...

Z2 changed DLLL(nl, mi2);Z3 changed DLLL(n1, mi2)];

GL_changed DLLL(nl1, mi 2)=Gl_changed DLLL(i,mi2);

&_changed_DLLL(n1, mi 2)=G_changed_DLLL(i,mi 2);

&3_changed_DLLL(n1, mi 2)=G3_changed_DLLL(i,mi 2);

G changed DLLL(:,nl,mi2)=[GlL _changed DLLL(nl, mi2);...

&_changed DLLL(nl1, mi 2); G3_changed DLLL(nl, mi2)];

ALPHA changed DLLL(:,nl, mi2)=G changed DLLL(:,nl, mi2)/...

(sqrt(G.changed_DLLL(:,nl, mi2)"*...

G changed_DLLL(:,nl, mi2)));

Bl TA changed DLLL(n1, mi2)= (G changed DLLL(:,nl, mi2)'*...

Z changed DLLL(:,n1,mi2))/sqgrt(G changed DLLL(:,nl, mi2)"*...

G changed DLLL(:,nl, mi?2));

k=t rue

while k

Z1 changed DLLL((n1+1), mi 2)=ALPHA changed DLLL(1,nl, mi2)*...

Bl TA changed DLLL(n1l, mi2);

Z2 changed DLLL((n1+1), mi 2)=ALPHA changed DLLL(2,nl, mi2)*...

Bl TA changed_DLLL(n1l, mi2);

X1 changed_DLLL((n1+1), mi 2)=MEAN_AREA MEM mi 2) +. ..
Z1 changed DLLL((n1+1), mi 2)*SD AREA MEM m i 2);

if Mu_Y_DLLL(m>0

X2 _changed DLLL((n1+1), mi2)=SIG Y(mi2)+Z2 changed DLLL((nl1+1), mi2)*...
SD SIGY(mi?2);

el se X2_changed DLLL((nl1+1), mi2)=factor(m*SIG Y(mi?2)+...

Z2 changed DLLL((n1+1), mi2)*...

SD SIGY(mi2)*factor(m;
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end

if Mu_Y_DLLL(m>0

X3 _changed DLLL((n1+1), mi 2)=X1_changed DLLL((nl+1l), mi2)*...
X2_changed DLLL((n1+1), mi 2);

el se X3_changed DLLL((nl1+1), mi2)=-X1_changed DLLL((nl1+1), mi2)*...
X2 _changed DLLL((nl1+1), mi2);

end

Z3_changed_DLLL((n1+1), mi 2)=(X3_changed DLLL((nl+1), mi2)-...
MiI_Y DLLL(mi2))/SD Y DLLL(mi 2);

Z changed DLLL(:,(nl1+1), mi2)=[Z1 changed DLLL((nl1+1), mi?2);...
Z2 changed DLLL((n1+1), mi2);...

Z3_changed_DLLL((nl1+1), mi2)];

GL_changed DLLL((nl1+1),mi 2)=-X2 changed DLLL((nl1+1), mi2)*...
SD AREA MEMm i 2);
&_changed_DLLL((n1+1), mi2)=-X1_changed_DLLL((nl1+1), mi2)*...
SD SIG Y(mi?2);
if Mu_Y_DLLL(m>0
&3 _changed DLLL((n1+1), mi2)=SD Y DLLL(mi 2);
el se G3_changed DLLL((nl1+1), mi2)=-SD Y DLLL(mi 2);
end
G changed_DLLL(:, (n1+1), mi 2)=[ GL_changed_DLLL((nl+1), mi2);...
& _changed DLLL((n1+1), mi2);...
&3 _changed DLLL((n1+1l), mi2)];
ALPHA changed_DLLL(:, (n1+1), mi 2)=G changed DLLL(:,(nl+1), mi2)/...
(sqrt(G.changed_DLLL(:, (n1+1), mi 2)'*G changed DLLL(:,(nl+l), mi2)));
Bl TA changed_DLLL((n1+1), mi2)= (G changed DLLL(:,(nl+1), mi2)'*...
Z changed DLLL(:,(nl1+1), mi2)/...
sqrt (G changed DLLL(:,(nl1+1), mi2)'*G changed DLLL(:,(nl1+1),mi2)));

i f abs(BI TA changed DLLL((n1+1), mi 2)-BI TA changed DLLL(n1, mi 2))<0. 1;

i f abs(X1_changed_DLLL((n1+1), mi 2)-X1_changed_DLLL(n1, mi 2))<0.1;
i f abs(X2_changed_DLLL((n1+1), mi 2)-X2_changed_DLLL(n1, mi 2))<0.1;
if abs(X3_changed DLLL((nl+1),mi2)-X3 changed DLLL(n1, mi 2))<0.1;
k=f al se;

end

end

end

end

nl=nl+1;

end

end

end
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