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ABSTRACT

The BS 445 design reguirements for plate girders under
uniformly distributed lToad (UDL) and point load were reviewed.
The design equalions were compared with Lesl results obtained
from literature. The comparison showed thatl ES 443 gives a
reasonable nredicfion of Lthe capacity of plate girders a1thqugh
there are cases of under and over estimation of this capacCily.
Since there are observable scatter in exper imental results, Lhe
study employed a probabilistic technique Lo examine Lhe
consistency of the design provisions, The First Order
Reliability Method (FORM) was reviewed as a basis for the study
in which the inherent uncertainties in material and geomelric
properties together with loading conditions were explicitiy

cons idered.

A well coded algorithm in a computer packaye called FORMS
was followed to compute the reliability levels impiicit in the
design pru#usiuns in respect of an I-section plate girder In
bending and shear, The statistical values for Lhe design

var iables were based on information cuntained in literature,

The resuits obtained showed thal with all Lhe bLas ic
variables assuming normal distr ibution, the implict reliabiiily
levels, B, decrease from 4.56 Lo 2.08 fur a span ranyge of 11 Lo

1dm 1n g irders subjected tu UDL e bending. Fur shear



condition B values ranged from 4.839 to 2.00 fur span range of
14 to 23m. With the girder subjected to poinl load, B ranged
from 4.90 to 2.15 for span varying from 12 Lo 19m while under
the point load the shear condition showed a counstant
reliability level of about 4.63 for all the basic varilables

assuming normal distr ibution.

The sensitivity analysis conducted Lo examine Lhe
influences of Lhe values of the basic design variables on the
implied reliability levels showed that the most significant
var iables are the yield strenglh of steel and depth of the I-
section. The implication of this is that during design of I-
section plate girders, these two var iables need be considered

very ser iously.
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CHAPTER ONE

INTRODUCTION

1.1 General

Quantitative methods of modeling and evaluation are tools
of modern engineering. some of these melhods have become quite
elaborate and included suvhisticated mathematical modeling and
analysis, computer simulation and optimization techr igues.
However, irrespective of the level of sophistication in the
models including experimental models, Lhey are based on
idealized assumptions or conditions, Hence, information
derived froum such qguantitative models may or may not reflect

the reality clusely [1].

Structural problems are often nondeterministic, althouygh
structures are designed and built in spite of imperfect
information and knowledge. In short, problems of structural
design must be resulved in the face of uncertainty and as a
consequence, risk (i.e the probability of adverse event or
failure) is wvirtually unavoidable. Failure should be
interpreted with respect to some predefined 1Timit states, L

may be excessive deflection, major cracking 1n concrele bean,

total collapse of structure etc.

Therefoure depending o Lhe Famat slale urde



consideration, the concept of failure 1s applicable to bolh
safety and performance of structures. Froperly therefore, Lhe
analysis of safety and performance must include consideration
of risk as measured by "probability of failure'. Thus modern
structural reliability analysis 1s uvased on probabiliLy

considerations.

i M Probability in Engineering

In the development of engineer nyg designs, decisiuns ars
often required irrespective of the state of completeness and
quality of information at our disposal. Thus the desigan mustl
be formulated under conditions of uncertainty In the sense Lhal
Lthe consequence of a given decision cannot be determined with

complete confidence.

Aside from Lthe fact that information must be infer:r=d from
similar (or even different) circumstances, or der ived Uhrough
modeling and thus may be in var ious deygrees of 1mper fection,
many prbb?ums in engineering invelve natural processes and
phenomena that are inherently random. The state of some of
these phenomena are naturaliy indeterminate and Lhus cannot be
described with definiteness, For tLhese reasons decisiouns
required in the process of engineer ing planning and design
invar iably must be made and are made wunder condilions of

dncer Ltainly.,



The effect of inherent uncertainty on design and planning
is important. However, qQuantification of such uncertainty and
evaluation of its effecL on the performance and design of
engineering system should include concepts and melhods of
probability. In structural design, uncertainties result from
random nature of the loading and the structural resistance, as
well as imperfections in the load and resistance prediction
models. The effect of such uncertainties is included in desiygn
through the wuse of safety factors which are based on
engineering Judgements and past experience with similar
structures. Recognizing that safety involves a consideration
of random variables (design parameters), L 15 generalily
accepted that the rational approach to Lhe analysis of

structural safety 1s through the use of probabilistic methods

[z].

Thus, wunder conditions of uncertainty the design and
planning of engineering systems involve risks and Lhe
formulation of the related decisions requires risk-benefit
trade-off which are within the realm of applied probability.
It is therefore glaring that the role of probability 1s qQuite
pervasive in engineering, It ranges from the description of
information to the development of bases for design and decision

mak ing.



1.3 Structural Code Objectives

The general aim of strucltural design is to produce safe
and economic structure that fulfil 1its required purpose.
Theoretical knowledge alone is not sufficient since theoretical
analysis 1s based on idealized structure, examples are,
representing members by their centre lines and assuming per fectl
pinned and fixed joints, The calculated forces and deflections
are only approximations of the actual ones that cannol be

always accurately estimated.

The designer uses his knowledge of structural mechanics,
the codes of practice and practical experience Lo produce a
safe solution of a given problem. BS 449, a code for Lhe
design of steel structure was drawn up by British Standard
Institutions, including engineers from universities, colleges,
professional bodies, government authorities and industr ies [5],
This code under consideration gives allowable stresses for safe
design and construction. From the analysis of structural
frames, the shears, axial loads and moments on the struclural
elements are determined. The sizes of elements are so chosen
so that the allowable stresses, deflections e.t.c., given Iin
the code are not exceeded and relevant reqguirements such as
minimum thickness of material or maximum width/Lhickness are

satisfied.

By and lTarge, cudes are compiled tu meet up the Folliow nu



requirements [4]:
a. The material selected must be suitable and adequate.
b. Proper load and service condition must be considered.
c, Computationg and desian musL be made o that the
structure 'aﬂd its detail 'poéééssn fﬁé"rédﬁired
strength and rigidity.

L

d. . The workmanship.iust be gaﬁdu;?ffff};?w*mf-ﬁ

It follows then that code’'s snecffications %dr structura)
design represent .a compromisa © between theoraeticai
considerations and p?actiéai' reduireménts. Therefore, the
specifications are not entire1y rational and, TfTor = soume
structures or 'icad1ng conditions, they may lead Lo mure
conservative results than for other. alsc the values of loads
and aliuwable stresses are based on past experience and test
data which have Lo be revised periodicaily Lo agree with jatest

findings.

1.4 Purpose and Scope

In BS 449 the inf?uénce of the 1nhereﬁt'uhéerta1nt1es
associated with engineering problems are supposediy taken care
of by the introduction of factors of safety as dan alijowanee tu
neutralise Lheir undesirable effects  As tﬁe darivation of
these safely factors are not probabilistic 1n nature, 1L was
conjectured that the consistency of its pruvi§1uns are
questionable and therefore ingestigated. |

A



The term ’"factor of safety’' of structure acquires a
rational meaning possibly by its correlation with probabilitly
of failure or survival (reliability) of the structure. This
principle neither implies nor specifically advocates for a
reduction of safety factor in relation to the convectiunal
approach in which any risk of fai1uré s considered
inadmissible, although, as it is well known, failures of
structures have occurred. The principle only attempts to place
the concept of structural safety in the realm of physical
reality in which absolutes, such as minimum strength values, dou
not exist and knowledge 1is not perfect, The risk or
probability of failure is introduced as a measure in term of
which the safety and reliability of various parts of a
structural system can be defined, compared and wuniform

reliability or a safety of a complete system assured [5].

BS 449, the code on which this ihvestigation is focussed
is based on allowable stress design philusophy and as such 1t
possesses the following drawbacks [6]:

a. In the design procedures, internal stress resultants
based on elastic theory 1s compared with the
specified allowable stress in the code without
regards to uncertainties and conseqguence of failure.

b. The designer in his computation always compares his
maximum stress, say for example, i a sSimply

suppor Led beam carrying a unifurmly distr ibuted Tuvad,

(8]



occurring at the midspan, with the allowable stress
value 1n the code. This is a highly localized point.
Most structures do not fail because of high Tocal
stress. The stresses may be redistributed by plastic
flow to less highly stressed parts.

C. The allowable stress method does not give accurate
Dicﬁure of collapse conditions and cannot give
reliable estimate of tLhem. It only gives safe
estimate and has a virtue of being simple. straicht
forward and easy to use.

d. Another disadvantage of this method is that it 1s not
logically complete. It does not provide a frameworhk
for logical reasoning through which all the Timiting
conditions on a structure can be examined.

e. IL is obvious that effects other than stresses have
to be checked in a design, <.g deflections, crach
control etc. Clauses r=2lating to these effects are
ambiguous without unifying philosophy.

¥ There is Ltoo much emphasis on elastic stress and too
Tittle emphasis on limiting conditions controlling

the structure in use.

A sinagle span steel girder wilth a symmetrical I-sectiun,
supporting a uniformly distributed lvad and a puint lovad were
respectively investigated. The bending and shear conditions

with striaclt compliance Lo provisiun of BS 449 were assesscu



such that the failure probabilities (as a measure of safely
indices) implicit in the design code for varying design
parameters were computed, Sensitivity of the design equativns
to some relevant design parameters to ascertain their influence

and relative importance w~as also investigated.

Digital computations became necessary tu arrive at the
objective of the study. Consequently, a well coded algor ithm

based on probability technique (i.e FORM 5) was adopted.

o



CHAPTER TWO
LITERATURE REVIEW

2.1 'Structura1 Steel Failures

Only a nagligibly small pqrgenpggé‘of s#rqcpuﬁgg which are
 .designed' éhd 'buiﬁ£.”FafT HEé;oFé?'fﬁé'z;;ﬁiééfgah.-of_ their -
projected J1ife span. when failure cccurs, a lot of time and
efforts are spent on investigations to establish Lthe causes of
the accident. Howevér,‘expefience and judgement,.which play
such an important rd1e in structural design receive little
attention in technical Jliteratures. CIf e;perience ‘and
Jjudgement are to be.ﬁf reél benefits;'fhélaegiéhefmeSt Tearn

from lessons of past failures.

Unfortunaté1y. techhica? Tiferaturézon ﬁhé:féf1ures of Lhe
past is scarce. Understandably people do nol wish to discuss
their mistakes. Yet full discussions could be just as useful
td engiﬁeering profession as discussions of great achievements,
Thus some of the past failures reported in literature are

hereby reviewed.

The failure of Tacoma Narrows suspension bridge on
November 7, 1940 has been recorded as probably the greatest
bridge failure in history [4]. The br idyge was in service [of

about four months before its collapse and, from the first day




of operation, excessive vibration of the bridye was observed.
Effort to arrest the alarming situation failed. The collapse
occurred when a moderate 64km/hr wind caused vibrations which
were gradually increasing in violence. Traffic flow over Lhe
br idge was stopped. About 1.5 hours later a predominantiy
twisting motion of the bridge broke the suspenders and the main
girder of the centre buckled. The floor system fell from the

bridge, followed shortly by the centre span girder,

The failure of the Point Pleasant br idge took 46 lives 1in
1968 as a result of brittle fracture [7]. This bridge was 39
years at that time and the cause was atlribuled Lo stress
corrosion or corrosion fatigue of an eye-bar that was usually

susceptible to fracture.

The Milford Haven box girder bridge colapse ocourred
dur ing construction in 1370, The collapse occurred when a side
span which was being cantilevered out from a completed anchor
span hinged over its supporting concrete pier. It was alsu
recorded that, on 10th October 1970, one of the side span of
West Gate bridge in Melbourne over River Yarra failed killing

35 men.

These two collapses and two others involving similar bous
girder bridges in various parts of the world focused attentior

on many aspects of steel box girder bridyge building practice.

1C



It became clear that there was a need for reappraisal of
contractual procedures, design values, research methods and
recommendations of code practice. The Morr ison Committee which
was sel up then looked intu these matters and set a pace for a
far reaching stride 1n bridge design practice. Encouragementl
was given thereby for research into 1oading; safety factors,
aerodynamic effects and strength of welded members and
connections. The results were incorporated into the latest
code for steel Dbridges, BS 5400, with reliability method
applications [7]. This shows that panic resulting from these
collapses paid some dividends and 1t shows also that failures
represent instances when engineer’s conjectures are falsified

and are central to growth of engineer ing knowledge.

The central rocf beam of a single storey dance hall in
Deventer, central Holland broke at midspan 1n Septembes:r 13
leading to the death of a teenager whilst one hundred and
twenty people narrowly escaped serious injury [8]. The rocf
consisted of three 14-metre long I-section joist at 7.5 melre
centres, overlaid with precast concrete planks, Each joi st was
fabr icated frum twoe 7-metre long beam jouined tougether by welded
plates. Report claimed that the fractured midspan weld was
only forty-seven percent of the strength of the beam and Lhat
whilst the bolts 1n the midspan of the beam were of gooud

guality, thie nuts were not.

11



Also, a single length of beam had been proposed in the
original planning application but 1its use would have been
expensive and tortuous because of the site inaccessibility.
Hence a suggestion that site welding which enables shor Ler
beams to be tLransported was agreed Lo, Huwever Lhe desiygn
change and potential hazard was not communicated to tLhe

municipality’s building inspector.,

The failure of Dyan Ryan in Chicago in January 4, 187&
could have been a real tragedy [7]. It was averted however ,
because a crack extending almost completely through a steel
bent that was supporting the overhead superstructure was
observed from a train passing underneath. Prompt investigatiour
by going tuo the site showed major cracks 1n Lhiree stee]l Lenls,

A view of one of the cracks is shown in fig (2.1).




Chicago's Rosemond Hor izon stadium collapse on 13th August
1979 during erection killing five men [8]. The United State
Occupational Safety and Health Administration (OSHA) which
investigated the accident, whilst accepting that other factors
might have been involved, considered the erection procedure
suspect. The body started its investigation by trying to
establish the exact location of the one Hundred and twenty-five
workers during the time of collapse in order to form the

picture of the roof loading.

The report showed that adverse weather forced a section of
the structure which will normally be completed in a day Lo be
left over the weekend following the collapse. By the tLime Lhe
30-metre Jong section of the fifteenth main beam was 1ifted anu

bolted into position on a Friday, rain was falling and th

i

contractor had_Lu fix only the main lateral beams. Thus Lis=
30-metre long section without purlin was left for the weekenu.
It was felt that the beam was secured encugh without purlin and
s0 the Crane supports were removed. AL resumption of work on

Monday morning the roof failed.

The collapse of "Sky bridye” during a tea dance in Lhe
Hyath Regency Hotel in Kansas city 1n July 17, 1981 claimed 114
lives [7]. It was a shock to the engineer ing profession as well
as Lthe general public. The collapse ovccurred after the

structure was in use four about tLwu years when peuple were



watching tea dance and was probably the maximum Iin service
loading that the bridge had experienced. Inv=stigation shouwed
that a connection failed under 28 percent of the code strenclh.

A view of the Jjoint where the collapse initiliated 18 shown

fig (2.2).
Fig. 2.2: Joint where collapse 1Initiated 1n Lhe
Skybridygye in the Hyalt Regency Hotel
The failure of a "blocked” expansion Joint 1n =

segmental pust-tensivned Zilwanke bridge at Segwanu, Micl



The cantilevered and partially completed structure twisted and

deflected about 1.5metre when the failure of the 'blocked®

joint occurred in the adjacent span as shown in fig (2.3).

Deflected Cantilever of the Zilwanke bri1dge

T

n
i
3% ]

From some of the past failures staled above, 1L is Cle=e

that structural failures result Intu situations where
designed and built structures no longer serve Lhelr 1ntende
pur puse . It also brought the inadeguencies of the safe

a

factur design concept to the for



2.2 Uncertainties in engineering

In engineering practice, variability, scatter, dispersion
or generally, uncertainty in the guantity of interest is the
rule rather than exception. Repeated samples of concrete
strength specimens from the same source yield a set of numbers
of which no two are the same., The total demand on an urban
water supply system varies from day to day throughout the same
month, The possible examples are endless, It is difficult in
fact to think of quantities about which some Jlevel of
uncertainty does not exist. Even the same physical quality e.y
modulus of elasticity of a particular bar, when observed n
times by n repetitions of n measuring conditions, the n
observations will not be exactly equal. Therefore even a
physical quantity must be considered as uncertain as lung as 1L

can only be evaluated by imperfect measurements.

Never theless this inherent wuncertain gqualities of
engineering remain inside the traditional system of
engineering. The system is customarily presented as being
deterministic, to each quantity, it is presumed, a unique value
can be assigned (e.g the yield strength of steel 1s 260 N/ mm ;
100 vehicles per hour make a leftl turn at that intersection
e.L.Cc.). In turn structures, pipeworks, earthworks, e.L.c,, are
conventionally modelled to behave in a unigue mechanistic way
for a given set of model parameter values (dimension elc). The

conclusion is that their respournses are predicted w

=

16



certainty. Yet all of these assumptions of determinisms are

inconsistent with the uncertainty observed in reality [9].

There are numerous sources of uncertainties in  a
structural design. The absolute safety of a structure cannotl
be guaranteed due to unpredictability of future loading
conditions, our inability to obtain and express the in place
material properties accurately, the wuse of simplified
assumptions in predicting the behavior of the structure due to
the loading under consideration, limitation of numerical method
used, and human factors, eg errors, omission, etc.
Consequently, uncertainties with regatrd to their source and

nature are grouped into three classes [10].

a. Physical uncertainty: These are uncertainties
associated with the design parameters (i.e the model
parameters and input gquantities)., In this category, the
inherent variability cobserved in Lhese parameters could be
described to some extent by probability distribution
function based on observation of data collected over
considerable length of time. Since physical variability
can be quantified only by examining sample data and sample
slzes tLhat are Timited by practical and economic
considerations, some uncertainty must remain. Ths
practical Timit gives rise Lu statistical uncertainties.

L. Statistical uncertainty: This cuncerns inferences Lhat




can be drawn from sample observations, Very large samples
are required to be able to make reliable estimate of the
_parameter of any type of probability distribution
considered appropriate. For a given setl of dala
therefore, the distribution parameters may be considered
as random var iables, the uncertainty of which is dependent
on the amount of data and any prior knowledge. This
uncertainty evolves due to lack of information.

c. Model uncertainty: In structural design and analysis,
mathematical mode 1 are wused tu predict desired
consequences e.9., maximum deflections, stresses, shears,
etc, These models are generally deterministic in form.
They may be based on mechanics of the system or might be
highly empirical. However accurate prediction of Lhese
consequences (i.e deflection, shear, etc) is not practical

even if the basic variables are hnown exactly.

2.3 Applications of Reliability Methods.

Reliability method are virtually applicable to all fields
of endeavours in which defined cbjectives or targels are set,
On ouvne side of these objectives, a favourable situation s
realized while on the other side an undesirable situation
prevails., In addition these objectives are dependents on
inputs which cannot be predicted with certainty., Thus four any
given realization of the set objeclives is an assoucialed

measurable degree of desirability or unpleasantness sucr

-
o



situations are inexhaustible and are common in areas like,
hydrology, mathematical statistics, control theory, classical
hardware reliability, econometrics, engineering etc. attention
will be focussed on engineefing app11cat10ns.w1th emphasis on

structural engineering.

In thelcaée of hydro]og}c’énd;water réscuf¢§é'é§éteﬁs, the B
available supply of waték.'(dem all sources) ré?at{ve to
maximum demand or usage is of concern in planning and design of
such a system. The avéi}ab1e supply from different suurces may
bae highly variable, whbrééé'the'actﬁa1 Qsage may also fluctuate
significantiy, such that predictians in either cases may be
subjected to sﬁgnifjcant_uncertainties. Consequentty in the
design of a water QUDDTQ'Syétém, the.QQQStion of adeduacy of
water is a matter of the probability of available supply

relatively to the demand,

In foundation designs,.nroperties of soil materiai are
inherently heterogenous, and natural earth stratification 1s
not regular. various material (e.g., clay, silt, sand, grave)
or combination therecof) deposit with wide ranges of density,
moisture content and other properties that affect the strength
and compressibility of the deﬁosit; cdnseauent]y there 15 a
lTikelihood of a risk of overestimating the actual bearing
capacity of the soil deposit at a site. In view of this fact,

the safety of a foundation design on the basis of such eslinate
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may not be assured with complete confidence, unless sufficient
margin of safety 1is provided, On the other hand, an
excessively Jlarge safely margin may yield an unnecessarily
costly support system. Therefore the required safety margin
for the design may be viewed as a problem involving trade-off

between cost and tolerable risk or probability of failure,

In construction planning and management, reliability
methods are applied because many factors in the construction
industry are subjected to variability and uncertainty, some of
which cannot be controlled, For example, the required durations
of various activities in a construction project will depend on
the availability of resources, including labour and equipment
and their respective productivity, on weather conditions and on
availability of material. None of these factors are completely
predictable and thus duration of individual activities as well
as the project duration cannot be estimated with precision or
certainty, such durations must be described as random
variabfes. Therefore in preparing a bid for a project, If
conservative (or pessimistic) time estimate are used, the bLid
price may be too high, thus reducing the chances of winning the
bid. Conversely, if the bid 1s based on optimistic estimate of
the project time, the contractor may loose money 1 a
successful bid. What degree of conservativeness the countractur
should exercise to maximize his profit poutential is based un a

cunsideration of probability. The bLid price may be based un a



target time corresponding to a specified probability of

completion.

In design and planning of airport pavement, amonyg Lhe
factors that have bearing on the design, the thickness of
pavement system (consisting of several layers of subgrade base
material and finished pavement), 1is one of the principal
decision variables., In general useable 11fe of a pavemerl will
depend on the thickness of the system, the thicker the pavement
system 1is, the longer 1its wuseful 1ife will be. Indeed,
thickness of pavement has its cost implication with respect to
initial cost and subsequent maintenance. Hence, the thickness
of a pavement system may be determined on the basis of a trade-
of f between high initial cost with iow maintenance, versus low
initial cost but high maintenance cost. For the purpose of
such trade-off analysis, the relation between life of a
pavement system and its thickness i1s required. However, Lhe
pavement life is also a function of other variables 1ncluding
drainage and moisture content, temperature ranges, density and
degree of compaction of the subgrade. Since Lhese factors are
random, the life of a pavement cannot be determined with
certainty. Hence the total cost associated with a given
pavement thickness cannot be estimated with complete cunf idence
and, any meaningful trade-off analysis, therefore would
properly require concepts of probability as 1n relirability

methods.



In structural engineer ing design, magnitudes of loads (e.g
wind pressures) may be described with random variables
strengths of structural material components are random and thus
the resulting structural resistance will likewise be random,
Consideration of risk or probability of failure is a better
realistic measure of performance or nonperformance of
structural engineering structures. To be specific, consider
for example, the design of an offshore drilling tower, which 1s
subjected to occasional hurricane forces, In such a case, we
recognize that apart from the fact that the maximum wind effecl
during a hurricane is random, the occurrence of hurricane 1n a
given coastal region is unpredictable. Hence, in determining
the safety level for the design of the tower, the probabiliuy
of occurrence of strong hurricane within the specified life of
the structure must be considered as well as the survival

probability of the structure during the hurricane.

As uncertainties exist 1in most areas of civil and
structural Engineering and rational decisions cannot be made
without modeling them and taking them into account, Many
structural engineers are shielded from having to think aboul
such problems at least when designing simple structures,
because of the prescriptive and essentially deterministic
nature of most codes of practice. This 1s an undesirable
situation.

Finally in all the areas of applications of rel al



*

%

methods discussed above, the state of the system considered is
a function of many variables (e.g design parameters), some of'

which are uncertain.



CHAPTER THREE

THEORETICAL FORMULATION OF RELIABILITY METHTD

3.1 Safely Index Concept

The problems of reliability of engineer ing systems can Le
essentially reduced to problem of supply to meet up a demand.
In case of a structure, we are concerned with ensur ing that the
strength of the structure (supply) is enough to withstand tLhe
life time maximum applied load (demand). In reality of course,
the determination of available supply as well as the
determination of maximum demand are not simple problems.
Estimation and predictions are invariably necessary for these
purposes, implying that uncertainties are unavoidable for tLhe
simple reason that engineering information is inveriably
incomplete. In the light of such uncertainties the avallal e
supply and actual demand cannot be determined precisely. They
may be described as belonging to the respective ran.=s [(or
populations) of possible supply and demand. In order to
explicitly represent  or reflect Lha significance of
uncertainty, the available supply and required demand may be

modeled as random variables [11].

Let a structural system with resislance capac ity R (1,2
the supply) be acted upon by the lovad eff=cl S (i1.e Lie

demand ) . The objective of the reliability aralvysis i3



ensure the event (R > 8) throughout the useful life of the
system. Conversely, the probability of the complimentary event

(R <.8) 1is the corresponding measure of unreliability o

failure,

Assume also that the necessary probability distribulions
of Rand S are available (though rarely possible), that 18, the

cumulative probability function (CDF) or probability density

function (PDF), F.(r) or f.(r) and Fs(s) or f;(s) respectively.

The required failure probability i1s given by [12],

P,=fFF(s>f_,l.s)is (3.1)
L0

This is diagrammatically represented in fig (3.1)

3

v

Filg. 3.1: Basic Res istance/Luad Effe
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Now consider an idealized case where B s a nuroa’ random

var iable [12]. 'qu; 'J;) and similarl

Iv & a nurmal . v ovar alle
N(MS.OS) and therefere Lhe meer
Mo = M T od i3.4)
and for =la ically

independent R and S the var lance 18

" = uf . J; (3.5)

If M 1s transformed into standard normal distributipn 1.e

(M _UP)IO“ 18 N(0|1} 'U"Iefl.
pf - F"(O) = ¢(M - un)/cn
=1 = oy /o)

(3.6)

It is now shown thal reliability is a function of Lhe

ratio B = /0, and is called reliability index or safety index,
that is,

_BPu _ BiHy (3.7
e —— e )
%% Joz-a%

Sc that

P: = ®(~-B) {t3.8)

In which & represents the normal distribution functioun

common in statistical tables.

It may be recognised from the outset tLthat practical

application and incomplete infourmation will restrict must

conventional design procedures to dealing with mean values and

coefficient of variation [13]. On this bLasis, a desiyn sCheme

can be based simply on requiring Lhal sumie minimun za’ =1

LS

-
-
-



margin be maintained. In giace of r=quiring that a calculated
risk of failure must be below a specified probability Py, 1L may
be required thal the average safety margin u, = M; = u;, must
lie at least B, (a specified number ) standard deviations (uf M
= R-8) above zero. Thus Lhe mean design resistance from

equation (3.7) is

My = us + a: (OFE + OEE}E ) _ (3.9)
in which o; = G and Oy = Qu. where Q0's are the resvective

coefficients of variation,

However, R and S are functiouns of other variables (e.4
material properties, dimensions, loading «Lc) and these design

parameters are termed the basic var iables,

3.2 Second Moment Formulation
The calculation of P; reqguires the knowledge of Lhe
distributions of F:(r) and Fi(s). In practice, this information
is often unavailable or difficult tu obtain for the reasons of
insufficient data. Furthermore, even when the required
distribution can be specified the exact evaluation of the
probabilities, generally requiring numerical integration of
equation (3.1) may be impractical. Therefore alternative
equivalent normal dibtr ibution may be resur Led tu i
approx imation,
3

Most uften infurmation on and se_undg aoments, rains



mean values and variance of respective random variables are
available. Practical measures of safety or reliability, must
often be limited to functions of Lhese first two moments,
Under this condition, the Jimplementation of reliability
concepts must be necessarily be limited to a formulation based
on first and second moment 1.e restricted to second-moment
formulation [14]. Thus with the second moment approach, the
reliability may bLe measured entirely with a function of first
and second moments of design variables, namely the reliabilily
index B when there is no information on the probability
distributions.

Recall the safety margin M = R - 8, therefore M > O

implies a safe state, while M < 0 denotes a faillure state.,

The boundary separating the safe and failure state 1s Lhe
Timit-state defined by
M=R-S8S =0 (3.10)
Introd&cing the reduced variate
R' = (R - u)/o;
then
R = O:R'+ u; (3.11)

Similarly,

and,

w
|

5

w
+
'



Substituting equations (3.11) and (3.12) into the limit
state equation (3.10) gives
G R' = 0y 8" + 1 - U =0 (3.13)

Equation (3.13) is a linear equation of the reduced

variables and the graphical representation is shown i1n fig 3.3.

The straight 1ine graph (fig 3.3) is a separation betweern

realization of safe and failure conditions.

In the popular A=y coordinate, the graphical
representation of equation (3.13). becomes.

y = 0/0ix + (Mp = Wg)/0g (3.14)

Follurs State,
M<0

M0

Safe State \\
M0

3.3 Limit state bLuundary.

m
W



The perpendicular to line M = 0 and passing through the origin
is

y = = Oyx/0; (3.15)
Solving for x and y from equations (3.14) and (3.15) gives

Opmp - us)/(of + og) (3.16)

X

and

y = = og(i; - Wg)/(of + o) C(3.17)

Therefore the line distance, d, from the origin to M = 0 In a

general form is

d=yf(x-0)7=(v-0)% =y/x?+v? (3.18)

Substituting equations (3.10) and (3.11) 'n (3.18) we have

Be—Bg
.j:-—_'.’._..—s—. (3.19,

«d;*d;

It was earlier shown for R and S described as nurmal
random variables in equations (3.7) and nuw the distance given

by equaticn (3.19) equals B. Therefore

d=p-te B

= {3.201)
{d;*d?

3.3 Generalization as a function of Basic Variables.

R and S are funclions of the basi¢ var iabl=s. REVE



investigate the effect of these variables on the.performance of
a structural system, a limit state sguation of interest was
developed in tertm of the basic design variab1es; This is
_referred to as the performance or state Function; given by
9(X,) = @(Xyy Xgueoerna X)) =R -8 00 . (3.21)
where X fur.ijz 1, 2,I,,;.,.n“fgprgéentlthe_bggic_dgsygn
vériab1es anﬁ-fheJTEMitzgfééépgfufﬁéué;éﬁéﬁ”;érﬁh.I . ‘
g(x,}) = 0 T SRR - -I-'t' f3.22).
Consequently, a graphical representation of equation
(3.22) with ihe basic Qariables, X. as the coordinate axis gives
a failure surface, It follows, therefore, that [gi(X.) » O]

implies safe state and [g(X;} < 0] corresponds Lo failure state.

Introducing the set of uncorreiated reduced variates

Xt = O e e s T 2y e (3023

Cbvicousiy, the safe state and Fa%?ure staie may aiso be
represented graphically in the space of Lhe reduced variate
(eduatiﬁn {3.23)), separated by the appropriate Timit state
eguation, In terms of the reduced variate the l1imit state
equation is, |

g(c}x‘T ol OpXst o My, L.l 0 XY+ ) = 0 (3.24)
Recall, the position of the failure surface relalive to the
origin {equation (3.20)) is B and represented tLhe minimun
distance from the surface g(X ) = 0 to the origin of the reduced

variate axis [15]. Indeed the puint un Lhe Tailure sur Face



with the minimum distar.ce to the origin 1s the most probable
failure point [16]. The distance from a point X ' =(Xx.",
xz',.....x"') on the failure surface g(X' J = 0 to the origin i

X" space is of course

o

L £ T R | §3.251

In a matrix form, we have

'
: X/,
X7,
' 3f o i S a2 (3:26]
I(X"‘X’;..--.X L' . ¢ i Ex :41- ‘-l
-I{B
The point on the failure surface (x'".', x".", c.venun i,

having the minimum distance tu the origin may be determineu by
minimizing the function D (=2quatiun (3.25) subjecl Lu Lhe
constraint g(X ) = 0, tLhat is

minimise D

subject to g(Xx ) =0

For this purpose, the method of langrange's mulitipl =
[17] may be used.

Let L = D + Ag(X )} Zv2T

Substituting equalion (3.26) in (2,27

L= (X' - X" 3 % = agiX

-" -
= B



where A is the value of the multiplier.

In scalar notation,

L= ff*xﬁ+_,,; _____ sz¢1gg&‘xﬂ_,,_,‘x; (3.291

P

in which X = o, X" + u,

Minimizing L, we obtain n + 1 equations with n + 1 unkncan

as

and

The solution of the above set of eguatiuns should y =10

v x

the most probable failure point (x.'", x-", .. ....x").

Introducing Lhe gradient vector,

. N -
éx’,  ox’. ax’,
in which
ds _ 3y ¥, __ 9y

ax, ax!, éx', FoX



therefore in vector form we have

ol
_..__.,.._J.._J ilaln
(xiexiyd'a

from which

X =-ADG

From equation (3,26)
D=[(ADG ") (ADG)  "F" =AD(G 'y **
and |
A=(8'q "7

Substituting equation (3.31) in (3.30) gives

) D
(Ge) '

Multiply both sides of Ea. (3.32) by G' we have,

-G ‘GD

G:x":.______.
(sls!l.)

implying that,
G'X* = - (G'G) ‘D

and

sgr
(G'a) -4

11 that at the failure puint, Lhe moie

Vi

<d

(3.30)

sLatic

i



from the origin to the point equals B and therefore equation

(3.33) becomes

B et B 4 s
puC X (3.34)

[G'.‘.{}t} /2

where G is the gradient vector at the most probable fallure

point (X:'. X:'........X.'). In scalar form squation (3.34) 1s
3 L n

rnf O
L),

T

{13:39%)

where the derivative

2 nee..x.¥) and the most probable

are performed at (x."', x

point on the failure surface for minimum B from equation (3.32)

is
-
xf'= G {(3.37)
GrEEY) e
and in scalar form is
x"y=aip;i=1,2,...., n {3371

in which



are direction cosines along the axes X,

3.3.1 First Order InterpretalLion
Consider again the gzneralized state fun_tion, g(x). When
expanded in a Taylor series [17] at a point X' which is on tihe

failure surface

|
o
—
[ ]
-

t

LV

g(x")
gives,
Q(x-. xz| .tn.ooolanucx,) :g (x' |xt|--.--....x‘ }

4 z f.\.’,— X',Jl%—)

1=|

n n
Yy (x-xtix-x)

+ 228 223 + e {3.39)

[

f;.‘ I-Ex .
o e

where the derivative are evaluated at (x.', w;........x}J. But

g(xf, A;,.......Af) = 0 un the failure surface. Therefoure



" n
?_:; (x;,-x*,) (x-%° 4)
D . (3.40)

l e ) .......
Ox ;0x .

Introducing the concept of reduced var iate we have,
x; = X° = (@ x* +§,) - (o '+ M)
= OI(A' o X'.‘)

and

_@._a_g_{ 8";1]: (2]

3)(3 axf! 3):1 oxx a){ .

Truncating equation (3.40) at the first order Tinear term

and substituting the reduced variate into 1L gives

Applying the properties of expectation and variance [13],

the mean value of eguation (3.41) is

ax’ .

Bg= é;,('{_fﬁ_)

and the corresponding var iance is



whel) &)

thus the ratio

B b [ o
- =- (3.42)

Equation (3.42) obtained by this method conforms to equ-

ation (3.35) derived eariier, therefore

a

I
P- o

(3.43)

-

3.4 Transformation of Basic Variables

The prescribed probability distributions of the basic
var iables may be nonnormal and correlation between their pairs
may exist. In this section, we highlight practicable methouds
of their transformation into forms suitable four safely 1ndex,
whereby equation (3.8) for finding probability of faillure 1s

applicable.

3.4.1 Non-normal Var iate
In a situation where the original PDF, f (s~ ) and CIF,
F olx. )} are not normal, it is necessary L transform  Lhe

L)
0



distribution into an eguivalent normal distribution at design
point (x.*).

Equating the CDF with the standard cumulative probabiliity
gives

N

X! -
™ fou 8.0 “’*sz}’(x;_\ (3.44)

ﬂx‘

N

i are respectively the mean and standard d:-viation

where uﬁ“. o
of equivalent normal distribution of the Lasic var icule *
Thus, the equivalent mean is

R R LAY | (3.45)

whereas equating the probability densities gives

o T
X: P, :

__.]:;_J-.._._'L' =fe () (3.46)

a’d ‘ a-?a

Substituting equation (3.45) in (3.46) gives

tw -x -.-n;’:O‘fFTix;))]_; i
v ® o N = ix, X!
Oy, Gx,

therefure

2 I. .l . #
In the above eqguations u, ' , © and the des gn points

!
' : : )
X, , are unknowns and thus ilterative method 15 employed unti]

convergence is achieved.



3.4.2 Correlated Variate

The procedures described su far were four cases where Lhe
basic variates X, X,..... v X, are uncourrelated or statisti-
cally independent. For correlated var iale, transformation 1nto

a set of uncorrelated variate musl be carr ied oul,

Consider a system which is a function of two varlates ».
and X, with expected values E[¥.] = u. and E[x:] = M. The
covariance of X, and X; is denvted COV[X., X.] and 1s defined Ly
[10]

COVIX.,X;] = EL(X, = u )(X= u;)]

= E[X, X;] - E[X.]JE[X;] (3.48)
The correlation coefficient is given by

o . COVIXE]
e 9%,

where o, and 0. are standard deviations of X. and X; respec-
tively., A pair of variates is said tu be uncorrelated if
CO“"(’(». K:J - 0

and correlation coefficient satisfies the i1nequality

o | :.p*’%f.'_

The required transformation is necessar i ly dependenl on

the covar iance our covar iance malr i»x of Lhe or vinal var 1ate and
may be obtained as folluws,

uf

Suppouse the covar iance mablr i Lhe uriginal var jabe



ok, covix,.x,) . . . .
COVIX,, X, ] o3, P
ICl= . . e
coviX,, X,] . oo W

The corresponding covar iance between

variate X, ' and X' is

I

COVEX. * (X" ]

o

ELOX;"=u, ") (X" =

a_a

ﬂr[ Ai-Bx, f X By,

Xy

x

Xy

Equatlion

CVIX,, X, |

pairs of the

Lo

-
|

of reduced variate X ' and X', is edual

coefficient belween the courresponding palr

var iate X and X [d.:.'- i eguation (5.45
42

{3,550}

reduced

{(3.51) shows that the covarilance between a palr

the courrelatiun
of the ovriginal
Therefure, Lihe
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L o

covar iance matrix of the reduced variate (X, ', Xz',,,._.-."'xw..) ie
the corresponding correlation matrix of the original variate
(Xgo X3 vnenny X)) Thus, the covariance matrix of v ',

Riteiines 6 In

1 Py Py v = Puip
Pa: 1 Pay - Pau
¢ )= (3:52)

. . - . - . .

Wrz Prz Ppe - -+ 1

The reguired set of (uncorrelated) transformed variate can
be obtained from X' through the following orthogonal tra-

nsformation,

in which
x‘;{x!.. XE.' ..llllllxr'}

and ¥ = I &V snarsasistd

s
are the required set of uncorrelated transformed variate.

T = the transpose of an orthogonal transformation matr ix
which is composed of the eigenvectors corresponding to the
eigenvalues of the correlation matrix [C]. Specifically, T, is
such that

T“[e*IT = A1 (3.54)
in which [A] is a diagonal matrix of eigenvalues of [C']. 1.
may be emphasized that the matrix [C'] is real and symmelr ic a-
Pi = Py

With the orthogonal transformation the safety indexr ULe-

e e
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Summarily, when the basic variables X are correlated, Lhe
first step is to obtain a set of uncerrelated variables vY.. The
next step is to normalize the uncorrelated variables and
thereby a set of normalized and uncorrelated variables Z = (Z.,
Ziiireonns Z) is obtained. Finally, the safety index can be
defined in the Z coordinate system as previously explained. A
flow chart of the numerical algor ithm for the computation of B

is shown in Fig. 3.4.

3.5 FORM 5
A computer package cuded as FORMS5 [19] using Lhe algor ithm
depicted in fig 3.4 is wused in this study to compute the

implied safety levels in the BS 449 design criter ia of girders.

FORM5 (written in FORTRAN 77) requires the user LU specify
by eaéy to use inputl parameters of the state function as a
subroutine and the stochastic model i term of the type of
distr ibution together with its distribution parameters, The
state function must be written as a subroutine (DOUBLE PRECI-

SION) in FORTRAN 77,



flow chart of the numerical algorithm for the computation of B

is shown in Fig. 3.4.

a?sume x and ubtcf n
(X )/0
Equations (3 11 : (3 45) and (3.48)

Y

Evaluate (dg/ax;’), and a1
for uncorrelated and
equivalent normal variables.
Equations (3.11) and (3.37)

{ A

Form x = - a a“'ﬁ
Equations (5 11) and (3.37)

V xfaqua?s
assumed value

substitute x' in g(x') =
and solve for B. Equation (3.38)

Qﬂbs

record B

Fig 3.4: Flow Chart for Computation of B8



CHAPTER FOUR

ALLOWABLE STRESS DESIGN CONSIDERATION GF GIRDERS

4.1 Bending

For the determination of the resistance to pure bending
(fFlexural and no axial Joad) in most flexural merbers a single
calculation will suffice in the fori:

_.—..—.%'u i"l‘al'
0.1

L -
L =

Z = The required section modulus Umﬁ)
M = The maximum bending moment (Nmm)

0,7 = Lhe allowable bending stress (N/mm%

The principal assumptions for jJustilication of this pro-
cedure include the fullowing cundition [20]:

(a) Lthe material is homogenous

(b) Section plane before bending remains plane,

(c) The cross-section hdas an axis of symnelry.

(d) Stress is proportional to strain

(e) The moment is applied in Lhe L ane of synmelry

(f) The member is straight in the plane of symmelry

(g) The member is stable laterall. Lo the plane of bending

Usually the ma<imum moment, M ez i=ted Ly Lhe member -
vbita ned L thie simple method of - ucbur - 2chianics a
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section modulus Z for the trial section is computed. The ratio
Mmlz is such that

My /Z £ 0, (prescribed in the code) (4.2)

4.2 Shear

The elastic formula for analysis of shear stress on a
section is too complex for routine use wilh variety of shapes
available or possible for steel members. For a member thal
possesses an axis of symmetry in Lhe plane of loading, tLwo
simplifying assumptions that result in a negligible louss of
(theoretical) accuracy are permitted [20]:

a. The contribution of flanges to shear capacity may De

neglected.

b. The use of an average value of shear stress on Lhe

gross area of the web (overall depth times web thickness),

This assumption has been justified by an approximale
reduction of the allowable shear stress. With these assunp-
tions, derivation and application of accepted shear capacily
formula becomes simple. Neglecting Lhe flanges all symmetr -
cal rolled shapes, box shapes and built-up sections reduce Lo
an equivalent rectangular section with dimensions Lt D and shear

stress becomes

where,
&7



f, = the shear stress al any point in the depth D

V = the vertical load at that point

t, = web thickness

D = overall depth

BS 449 prescribes Lhe average shear stiress on the gross

section for plate girder as being carried by the depth of Lhe

web multiplied by its thickness., Thus tLhe shear requirement is

given by
v
—_ ¢ id4.4)
(D=3t b, o
where,
Vaar = max imum shear force
t: = thickness of flange
T = allowablz shear stress (prescribed in Lhe coude)

D = overall d=uth

4.3. Conditions for Reappraisal

For allowable stress (elastic) desiygn, the Lerm ’'safely
factor' 1is usually expressed and accepted as the rativ of Lhe
specified minimum yield stress to the allowable stress. IU
ignores the overload capacity of the structure between first
yielding te final cverall instability. IL also disreyards Lhe
entire approuach of probabilities of over lvad, the ratio of live
lvad tu dead JTuad, the actual strenglh versus minimum  spec . -
fied yiwld sLrength and vat jation of the aclual section

strengtl, etc.



Although adequate data relative to strength of a given
material may not be available, it is a well-known fact that Lhe
strength varies from specimen to specimen and the nature of
that variation has been investigated by several investigators.
Previous studies [e.g., 21, 22] on plate girders showed Lhe
relationship between the ultimate stresses obtained by Lheouretl-
ical analysis based on elastlic method as in allowable stress
design concept with values obtained experimentally. A plot for
pure bending is shown in fig 4.1 while a =imilar plot for pure

shear in fig 4.2.
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Fig. 4.4: Variations in Comparison between Predicted and
Experimental Capacity of Plate Girders in Shear

Similar plots for research work carried out on trans-
versely stiffened A36 steel plate girder [23] are depicted 1n

figs 4.3 and 4.4,

The formulas used to predict the ultimate strength of
plate girder can be considered Lo be quite reasonable, The
assumptions that bending moment is taken by Lhe flanges and
shear force taken by the web [24]) was alsou proved adeguate
through research wourk [25]. The plots in fig 4.1 to 4.4
buttresses this assertions and therefore these formulas (used
in computing Toad resistance capacity) can be cCunsidered

produce the actual ulblimate strength 10 Lie simplest forn



conceivable.

Nevertheless, the conventional approach has shortcomings
that are well recognised, principally the approach is limited
to the extent that all variables and factor must be treated as
though they were deterministic. In spite of Lhe steps taken to
include statistical aspects of engineering information in the
formulation of safety factors, the pro.=dure essentialiy
remains deterministic in the sense tLhal =nv risk assoclaled
with randomness (e.g shown by the scatter in figs 4.1 to 4.4)

is not determined.

Therefore in the presence of statistical variabilities,
such as evidenced in loads and mater ial strength, proper eva-
Tuation of structural design requires explicit consideration of
probability. Clearly, the conventional design approach is not
adequate from reliability stand point. Hence another desiun
methodology that considers the probabilist ¢ nature of design
is needed so that component reliability becomes intrinsic part
of design. However the direction in this study is to show the
safety levels implicit in the BS 449 requirements for design of
girders when the decision variables are explicilly considered

random,



CHAPTER FIVE

COMPUTATION OF SAFETY INDICES

5.1 Statistical Characters of Relevanl Design Parameters.
The probability distributions of the basic variables
(design parameters) can be obtained either by direct inference
from observed data cr Ly subjective assessment or combinat o:
of these techniques. In practice, direct ‘nference is rarely
always possible since there is seldom sufficient data availlable
to identify unambiguously only one distribution as appropriate,
This further implies that past observations and experience 7.
similar structures can be validly used for the structure under

assessment,

A physical reasuning may be used to sugygest an appropriate
distribution. Thus where the basic variable consists of the
sum of many other var 'abl=s (which are not explicitly consid-
ered), the central l1imit theorem may be invoehked Lo suppose Lhatl
normal distr ibution is appropriate [10]. Central limit theore
stated loosely says that the sum of large number of individual
random components none of which 1s dominant, tends to a normal
distribution as the rumber of cumpunents (regardless of the
initial distributions) increase without. Timit [1]. Therefor«

if a physical prucess is the result of totality ¢f a large

o

number of individual effects, then according to the



limit theorem, the process would tend to be ~ormally distr ibut-

ed,

Consequently, a preferable approach is to make use of
physical reasoning about the nature of eacn particular random
variable to guide the choice of its distribution. Imposing
central Tlimit thecrem, the basic variables were assumed
normally distributed. In addizion yield strength was modeled
by other appropriate distributions. Logar ithmic normal (or
lognormal) distribution was used because 1L has a theoretical
advantage of precluding negative values. Weibull distribution
was also used because it characterizes the strength of struc-
tural component whose strength in governed by the size of its
largest defect. Gumbel distribution was also tried for 1ts
similarity with weibull as an extreme-value distribution. This
subjective Jjudgewent in the choice of the distribution should
not however be seen as a limitation, since the aim 1s not tu
produce a perfect image of the reality (an impoussible task),
but to-deveTup a mathematical model of the phenowmenon which
embodies its salient features and which can be used to mahe

optimal design decisions using the available data [10].

With Timited information the probability distr ibutions of
the design var iables were prescr ibed. However, 1L 13 mportant
also to recognize that regardless Lhe distribution of tLhe

individual variate, it is the distribution of the safely mar g



(R-S) that is important in the calculation of probability of
failure, Pe [13]. It was also observed that if the risk level
is high (e.g., P, > 10 or B < 3.1) the calculated failure
probability is not very much different regardless of the Llype
of distribution. However, for a very small risk (e.g., P < 107°
or B 2 4.25 ) the failure probabiiity could be sensitive to

this distribution.

As explained previcusly 1in second moment reliability
method, the parameters of interest are first and second moments
(mean and variance) for the computation of safety indices [14].
It 1s also important to note that it i1s the coefficient of
variation (ratio of standard deviation to mean values that are
mostly published in literature [e.g 26, 27]. The values of
these relevant parameters for the basic variables used in this

study are shown in Table 5.1.

Table 5.1 Statistical values of design paramelers

|
|
|
|

Ss/Mo |  Basic Variables __!L Mean | Coeff. of variation :
1| vieia strengtn in benaing | vesty | eme ]
2 | Yiela strength in shear ;_ 0.64 fy 0.10 :
3 twetss | aa 0.2-035 |
I T W T T |
|5 | wotorfiange . s | ooz |
6 | overall depth of section J D | 0.002 _______5

7 Thickness of flange t¢ | 008 ;

: 8 Thickness of web ‘ g ' o.08 !
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In Tabfe.5.1, f; }epreseﬁts fhe sbecified yield strength
of stegj_whi1e the other mean values are practical values in
the deéfﬁh\éf éh'adequate I-section girder with strict compli-
ance to BS 449 provisions, Computed safety indices are shown in

Tables 5.2 to 5.46.

o

o

5.2 Bending Limitations
| In the design of plate girders in bending, the maxXimum

sfress is assumed to be taken by the flanges [24]. The maximum

. stress onh the extreme fibre of the filange given by equation

(4.1) is .
Fo = Mpar'Z | : .
= MpD/21 0 (5.1)
where | |
Muax = maximum bending moment
D = overall depth of I-section
I = Moment of area about axis of bending
The moment M., in eguation (5.1) depends onh the type of
Teoading on-the girder. With a uniformly distributed load (UDL)}
w kN/m on a simply supported single span length i,
Mpax = wL%/8
where w is‘sum of the Tlive load and dead lcad, & and g
respectively., Therefore
Muax = (a + g)L?/8 ] (5.2)

For a paint load P kN with Tive 1oad, Q and dead load G
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components,
M.ex = PL/4

= (Q + G)L/4 {5.3)

The moment of area I (in equation (5.1) for a symmetrical

I-section (fig. 5.1) about the axis of bending x-x, is computed

Y

. _— 1
[ : .
X . . e G & S
D
l ' o |
Y
Fig 5.1 symmetrical I-section of girder
in terms of the basic variables as
Iux = t,(D-2t,)3%/12+B,t >/6+2B,t,[(D-1,)/2]% (5.4)

The Timit state equation for bending consideration s

therefore

= 1.051, = MgoD/21 (5.5)



Equations (5.2) or (5.3) and (5.4) substituted in equation
(5.5) gives the 11mt state equation for bending consideraton
in terms of the basi1¢c design variables in a Torm suitable for

FORMS5 .,

5.3 Shear Limitation

4
The maximum shear stress assumed to be ltaken by the web

[24] 1s given by equation (4.4). 1.e
fv = V/L (D-21,) (5.6)
where
V = Maximum shear force
ty = web thickness
D = overall depth of section
ty = fiange thickness
for UDL,
V=1(q+ g jL/2
1mpiying that,
Fy = (g + g)L/2t (D - 21y) (5.7)
Similarly for the point load,
V=(Q+G)/2

and

-

f, = (@ + G)/2t (D - 2t,) (5.8)
Consequent iy, the Timit stale equat ion for shear consider -

ation s
FX = 1y, - 1, = 0.647T, - 1, (5.9)

Therefore subslituting equations (5.7) or (5.8) in equatiun
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(5.9) gives the Timit state equation for shear consideration in
terms ol Lthe basic design variables suitable for FORM5, The
comnuted reliability levels for both uniformly distributed and
poine lvads are depicted on Tables 5.2 Lo 5.46., Since the aim
is 1o show the mplicil reliability levels in Lthe BS 449 design
equations fTor piates girders, recorded values of the compuled
reliability levels are in the ranhge: 2 < B < 6. Also the
prescribed probability distributions function (pdf) fTor yreld
strength, T,, of the steel plate girder are coded as Tollows:

a, Normal distribulion 2

b, tognormal " 3
G. Gumbel " 7
d. Weibulil " ]

All other basic variables were prescribed normal. For bending
consideralion under uniformly distributed load configuration,
Tables 5.2 to 5.14 show the implied reliabilily levels, while
Tables 5.15 to 5.24 give lhe associaled reliabilily levels for
shear condition Tor the load configuration., Tables 5.25 to 5,37
represenls the compuled reliabilily levels for bending requite-
ment under point load configuration. In Tables 5.38 to 5.46,
the implied reliabilitly levels for shear requirements when

point loads are applied are shown.
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TABLE 5.2:. Varijation of 3 wilh span, L.
B for pdf of T, ) .
w?,:; . 2 3 7 9
8 5.99 ]
9 5.83 5.11 o
10 4.99 4.34 ]
11 4,96 4,13 3.66 _5.82
12 3.87 3.35 3.04 4.26
13 2.92 2.63 2.46 8.15 |
i 14 2.08 2.18
Table 5.3: Variation of B with yield strength, fy.
{N/fnfmz) B for pdf of T, -
2 3 7 9
231 2.23 2.18 2.03 2.34 |
257 2.92 2.83 2.46 3.15
283 3.60 3.12 2.84 3.98 |
308 4.28 3.57 3.19 4.83 -
334 4.94 3.99 3.51 5.69 |
380 5.58 4,37 3.80 -
386 4.73 4.07 ]
411 5.07 4,33 i
437 5.69 4.57 |
463 5.69 4.81 |
i 488 5.97 5.03
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Tabie 5.4: Variation of B with live load, q.
q g Tor pdf of 1,
| KN/ > 5 ; o
10 2.88 4.07 2.92
20 3.01 3.92 _8.84 |
| 30 5.69 3.17 | 3.78 4.17
40 5.29 329 3.60 4,59
50 4.89 3.34 3.43 4.71
60 4.49 3.3 3.26 4.60
70 4.09 3.22 3.07 4.33
a0 3.70 3.07 2.88 3.97
g0 3.:31 2.87 2.68 3.57 o
100 2,92 2.63 2.46 3:15
110 2.54 2.36 2.23 B
Table 5.5: Variation of B with dead load, y.
g B for pdf of fy -
by i 2 3 7 9
1 3.07 2.74 2.55 3.34
2 3.04 2.7 2.53 3.29
3 3.00 2.69 - 2,51 2.24
4 2.96 2.66 2.48 3.19 |
s 2.92 2.63 2.46 0
6 2.88 2.60 | 2.44 | 3.0
7 2.84 2.57 2.42 3.05
8 2.80 2.55 2.37 3:01 1
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Table 5,.6: Variation of B wilh flange width, B,

H Be - _ B for pgf of f, “

i. (mm ) 2 a3 | » 9

. ats 2.39 | 2.21 st} 2.53

| 350 - 2.92 2.63 2.46 3.15
385 3.42 | 3.0t 2.77 2.73
420 | 3.89 | 3.37 3,05 4.28
455 4.34 | 3.69 %-8) 4.80
525  5.16 | 4.28 3.78 5.75

| 560 5.54 | 4.55 3.99

| 585 | 5.81 | 4.80 4.20

s ST T

Table 5.7 Varration of § wilh Overall depth, D.

T . B Lo L) i X
G LI i £ -
2 | 3 7 9
900 | #2.20 ; 2.06 2.8
1000 | 2.92 | 2.63 | 2.46 3.15
1100 | 3.60 | 3.15 | 2.88 3.94
1200 | 4.25 | 3.63 | 3.26 | 4.70
1300 | 4.86 | 4,06 3.61 5.41
1400 5.45 | 4,47 3.93
1500 - 4.85 | 4.23
1600 | | 5.21 4.52
1700 5.55 4.80
1800 5.87 | 5.06 -
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Table 5.8:

Variation. of B with

Ly - B_for pdf of T,
(mm) s g g
40 2.92 - 2.63 ~ 2.46
50 - 4.02 3.45 3.11
60 4.97 4,11 3.64
70 5.80 | 4.67 4.07
80 5.14 4.45
S0 5.55 4.78

teo | | 5.9 | 5.07

[lange thickness,

3 15
4,45
5.58

sor ||

tfl

Table 5.98: Variation of B with web Lhickhess, t,

| B for pdf of 1,

: (min ) 2 3 , .

| 3 2.42 2.24 2.14 2,57

i 6 2.59 2.37 2.25 2.76

| s @78 2.57 2.36 2.96

L2 2.92 2.63 2.46 3.15
15 3.08 2.75 2.56 3.34
18 3.24 2.87 2.66 3.52
24  3.55 3,10 2.84 3.89
36 4.14 3.53 3.18 4.59
48 4.70 3.93 3.49 5.26
60 5.23 4.29 .77 5.89
72 5,73 4.62 4.04 N ﬂ
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Table 5.10: Variation of B wilh Ratio By 1y

J Be/te

B for

3

pdT of T, "

8

27

.15

9

» 80

.59

LA W S
08 ¢
.46

10

29

.99

.79

.74

.35

09 .

16

.69

.36

.54

.89

.61

.91

l28

.84

« 57
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Table 5.11: Varaiation of B with Ratio g/q.

i a/q o ~f for pdf of f,

N 2 8 7 9

i ©0.05 | 3.80 | 3.29 2.99 4.19

?_ 0.10 | 3.53 | 3.09 2.82 3.87
.18 3.27 | 2.89 2.67 3.56
0.20 $3.02 | 2.70 2.5 3.2
025 2.78 - 2.52 2.37 3.00
0.30 2.58 | 2.38 2.22 2.74

| _0.35 | 2.35 2,18 | 2.08 | 2.50 |

Table 5,12: Varjation of B with Ratio Bg/D.

By/D _ B for pdf of
2 i 3 7
0.30 | 2.15 | 2.02
0.35 | 2.92 2.63 2.46
0.40 | 3.63 | 3.17 2,90
0.45 | 4.28 | 3.65 3.28
0.50 | 4.88 | 4.08 3.62
0.55 | 5.44 | 4.47 3.93
0.60 | 5.96 4.83 4,22
0.65 | 5.70 | 4.49
0.70 ~ 5.48 4.74
| 0.75 | ~ 5.17 4.98
0.80 | a 5.20
0.85 | | 5.42
0.90 _ i 5.62
 0.95 . 5.81
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Table 5.13: Variation of B wilth Ratio D/t .

D/t y . B for pdl of I,
_z 3 ¥
80 2.47 2.31 2.21
90 3.22 2.92 2.72
100 3.91 3.47 3.7
| 110 4.55 3.98 3.57
130 5.70 4.33 4.27
140 5.21 | 4.59
150 5.57 4.89
- b 0L 3.

Table 5.14: Variation of B with Ratio D/t,.

L

22.50

25.5
27.5
30.0
32.5

35.0

37.5
40.0
42.5
45.0
47.5

T

2
2.857
8.13
_3.65
4.15
4,61
5.04
5.45
5.84

—|

B for pdl of f
8 7
2.42 2.32
2.90 2.73
9,88 3.09
_8:78 3.42
4.10 3.72
4.45 4.01
4.77 & B7
5.07 4.53
5.36 4.717
5.64 5.00
5.90 | 5.22
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SHEAR CONSIDERATION FOR UDL

TABLE 5.15 Variation of B with span, L.

S — e e = =

s B for pdf o
(m) 2 3
I 12 5.85 | 4.80
i 1a  5.35 | 4.44
14 4.89 | 411
15 4.47 |  3.81
16 4.08 | 3.52
17 3.71 | 3.25
18 3;38 |  3.00
19 .07 | 2.76
20 2.77 | 2.53
21° 2.50 2,31

e

P,
,
4.20
3.92
3.66
3.41
3.18
2.97
2.76
2.57
2.38
2.20

5.93
5,40
4.91
4.46
4.05
3.66
3.30
2.96
2.65

Table 5.16: Variation of B with yield strength,

l fy . B Tor pdf
: (N/@T { 2 | a _ML

! 180 2,75 | 2.58 |

| 206 . 3.63 | 3.26 |
| 231 4.50 | 3.88

| 257 5.35 | 4.44

[ 283 . 4.95

| a0 5.42

| 334  5.85
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4.31
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Table 5.17:

VYariation of B with

Tive

load, q.

é (kN?nmﬂ B for pdl of 1,

I 2 3 _ 7 9
|90 5.70 4.54 4.07

| 100 5.35 4.44 3.92 5.93
i 110 5.00 | 4.30 3.76 5.54
I 120 4.66 4.12 3.61 5.14
| 130 4.33 3.92 3.44 4.74

140 4.00 3.69 3,27 4.34
| 150 3.67 3.44 3.09 3.95
| 160 3.34 3.19 | 2.90 3.57 |
| 170 3.02 2.92 2.70 3.20
180 2.71 2.64 2.49 2.82

fable 5.,18: Variation of  with dead load, g.
| g _ B for pdf of 1,

(kN/m) 2 3 2 "

5 5.35 4.44 3.92 5.93
.10 5.18 4.34 3.84 5.71
| 20 4.83 4.13 3.69 5.27

30 4.50 3.91 3.52 .85 |

40 4.16 3.68 3.35 4.45

50 3.83 3.45 3.18 4.06 ||
|60 3.15 3.21 2.99 3.68

70 3.18 2.97 2.80 3.31
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Table 5.19: Variation of B with overall depth, D.

)[ D _ B Tor pdf of 1,

; - 2 3 7 9

i 700 2.98 | 2.69 | 2.51 3.20

! 800 | 3.85 3.35 3.05 4,20

| 900 4,64 3.93 3.51 5.11

I 1000 5.36 4.44 |  3.92 5.93

| 1100 4,90 | 4.29
l_._z...“_'igfﬂmm AL .. IO

Table 5.20: Variatron  wilth flange thickness, 1.

Ly B for pdf of T,
{mm )
2 3 7 9
20 | 5.62 4.63 | 4.07
|30 5.48 4.54 ~4.00
| 40 _ 5.35 |  4.44 _3.92 5.93
| 50 | 5.35 | 4.35 | 3.84 5.77
80 5.21 4.25 3.76 5.61
70 | 5.07 | 4.14 | 3.60 5.45
80 4.93 | 4,04 3.51 5.28
90 4.78 3.93 3.42 _5.11
100 | 4.64 3.82 3.24 4.94
120 4.49 3.59 3.05 4.58
130 | 3.17 3.35 2.85 4.20
| 140 | 3.85 | 3.10 | 2.63 3.81
Lroe f & | Sett | Sew ) S ]
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Table 5.21:

Table 5.22:

Lw B for pdf of f,
Lmm ) 2 a 7

9 3.47 3.10 2.86

12 5.85 4.44 3.92

15 5.48 4.74

- 18 | . 51{3

 5.97
_5.89
B.43
4.93
_4.48
4.07
3.69
3.34
3.01
2.71
2.43
2.16

3

5.08

4.87
4.68
4.49
4.14
3.81
3.23
2.96
2.71
2.47
2,25

2.03

B for pdf of f,

7
4.41
4,25
4.09
3.95

 3.67
3,41
3.17
- 2.94

2.73
2.53
_2.33
2.14

70
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Variation of B wilth web thicknhess,

Variation of B with Ratio g9/q.

5.48
4.96
4.48
4,04
3.63
3.25
2,90
2,58

- 2.00

l".



Table 5.23;

Variation of B with Ralio D/t

g D\ t, _ B for pdf of f,

| T N R
| 175 | 2.86 2.62 2.47 | 3.04

J 20.0 | 3.69 3.27 3,00 3.97

| 22.5 ; 4.42 3.84 3.46 4,80

| 25.0 | 5.09 4.33 3.86 5.56

i 27.5 5.70 4.78 4,22

' 30.0 5.18 4.54

' 32.5 5.55 4.54

Lwso | | sas [ saa|

Table 5.24: Variation of B with Ratio D/t ,.

; D/t - B for pdf of T,

— 2. a4 9
60 2.76 2.59 2.48 2.87
70 3.61 3.30 3.07 3.79
80 4.34 3.90 3.56 4,59
90 4.99 4.42 | 3.99 5.28
100 5.56 4.88 4,37 5.90
110 | 5.29 4.72 | |
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Table 5.25:

Variation of B with span

(m)

5.45
4.90
4.40
3.94
3.52
3.14
2.28
2.45

2.48

B for

3
4.48
4.09
3.73
3.40
3.09
2.80
2.52
2.26

2.02

pdf of

.94
.63
.34
.08
.83
2.60
23T
2.16

N W L W W~

length, L.

Ty

L e e

Table 5,26:; Variation of g with yield strength,

]
(Nhéﬂﬁ

231
257

283
308
334
360
411
437

463

2.80
3.52
4.24
4.94
5.63

3
2.56
3.09

3.58
4.03
4.44
4.83
5.18
5,52

5.83

B for pdf of T,

7 9
2.41 212
2.83 3.50
3.21 4,30
3.55 5.10
3.86 5.91
4.16
4,43
4,69
4.94
Lt S
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Table 5.,27: Variation in @ with Tive load, Q.

P Q B for pdf of T,

h (kN) o " 7

| 43,2 _ 3.34 | 4,03

| 57.6  5.84 | 3.51 3.88

i' 72.0 5.45 | 3.60 3.72
86.4 5.06 3.62 3.56

! 100.8 4.67 3.56 3.39
115.2 4.28 | 3.45 3.21

| 129.6 3.90 | 3.29 3.03
144.0 3.52 | 3.09 2.83
258.4 3.15 | 2.85 2.63
172.8 2.77 2.58 2.41

I e

Table 5. 28: Variation of g with dead

G . B for pdf of f,

| e s |7
4  3.54 3.10 2.84
5 3.52 2.09 2.83
10 3.42 | 3.02 2.73
15 . 3.33 | 2.95 2.67
20 3.23 2.88 2.62
25 3.13 | 2.8t 2.56
30 3.03 2.74 2.50

| 35 2.94 2.87 | 2.02

| 75 2. 12 2.07 B
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3.52
3.50
3.39
3.28
3.18
3.07
2,87
2.86
2,06




Tabie 5.,29: Varialion of § wilh flandge width, Bg.

3,52
4.82
5.93

3.09
4.04
4.81
- 5.47

7§

2.83
3.59
4,21
4.75
8.2%
5.63

B for pdf of f,

9
3.560

4,82

Tabie 5.30: Varialtion of B with overall depth, D.
D B lTor pdf of 1y
i) 2 3 7 9 |
960 2.07
1080 2.82 2:b5 2.40 2.78
1200 8.52 3.09 2.82 3.50
1320 4,17 3.57 3.21 4,21
1440 4.78 - 4.01 3.56 4.88
1560 | 5.35 | 4.41 3.88 §5.51
4,78 5.89 4.78 4.18
1800 5.13 4,46
1520 ~ 5.45 4.72
2040 ' 5.76 4.97
2160 821
%280‘ R o =5:43 R

|
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Table 5.31: Variation of B with flange thickhess,t,.

Ty B for pdf of T, "
40 2.37 2. 21 2.12 2.27
45 2.97 | 2.67 | 2.50 | 2.30

50 5.52 | 3.09 | 2.83 | 3.50
55 4.04 3.48 3.13 | a.07
so | 4.52 3,80 3.40 4,60

65 4.37 4.12 | 3.64 5.11
70 5.40 4.40 | 3.87 5.58

_________ 75 5.80 4.67 4.07
80 491 | a21 |
85 5.14 | 4.45
% 5.35 | 4.62
95 5,55 4.78
100 5.74 4.93
105 5.92 5.08
115 5.21
120 5.34
125 5.47
130 5.58
135 5.70 I
140 5.81

5.91
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Table 5,32:

T e et i i i

Variation ol f

with web thickness,

L
(tnin)

3.38
3.57
3.66
3.80
$3.94
4.0
4.21
4.34
4.47
4.60

4.86

5.81

TR

__5.34

2.98
3,09
3.19
3.29
3.39
3.49
3.59
3.68
3.77
3.86
3.95

4.03

4,36

. 4.67
4.96

5.23

5,48

5.73

5,98

s].
!

B for pdl of

76

;
2.T5
2.83
2.91
2.99
3.07
3.15
3,22
3.30
3.37
3.44
3.51
3.58
3.83
4.08
4,30
4.52
4.72
4,92
.11
5.289
5.46
5.62
578
5.94

3.34
3.50
3.65
3.81
3.96
4,11
4.26
4.41
4.55
4.69
4.84
4.98
5,52

b



Table 5.33 Variation.of B with Ratio G/Q.

f for pdf of

G/Q
. f!
| 2 | s | 9
.02 3.50 3.07 | 2.8t 3.48
0.04 3.39 | 2.98 | 2.74 3.36
0.06 3.28 2.90 2.68 3.24
0.08 3.17 2.82 2.61 3,12
0.10 3.07 2.74 2.55 3.01
0.15 2.81 2.54 2.39 2.74
0.20 2.58 | 2.36 2.23 2.25
| 0.25 2,35 2.18 | 2.08 | 2.02
Table 5.34:Variation of f with Ratio By /l,.
——
' B/t _ B for pdf of f,
2 3 7 9
12 2.34 | 2.22 2.14 2.24
14 3.08 2.83 2.66 3.01
| 16 3.73 3.36 3.10 3.69
18 4.32 3.83 3.49 4.31
20 4.85 4.25 3.83 4.88
22 5.33 | 4.63 4.14 5.39
24 ' 5.78 4.98 4.43 4.86
26 5.30 4.69
28 5.59 4.94
30 . 5.87 | 5.17
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Table 5,35:Variation of f with Raltio By/D.

| BuD B for pdf of 1,

[ 2 3 7 9

| o.50 | 2.57 2.36 2.24 2.48
| o0.60 | 3.58 | 3.1a 2.87 3.56
| 0.70 | 4.48 3.80 3.40 4.54
| 0.80 5.28 4.38 3.86 5.43
| 0.90 N 4.88 4.27

| o000 | | 5.34 | 4.63

| 10 | 5.75 4.97

| 1.20 - 5.28

| 1.30 - 5.57
i___1.40 | 5.84

Tabie 5.36: Variatron of B with Ratio D/L,.

D/te - B for pdf of 1,
2 3 7 9

20 | 2.06

25 | 3.30 3.03 2.84 3.23
30 - 4.33 | 3.87 3.53 4.31
35 | 5.21 | 4.58 4.11 5.24
40 | 5,98 | 5.19 4.62

45 4 5.78 5,07

50 ) (N 5.48
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Tabkle 5:37: Variation of B with Ratio D/t

D/t g for pdf of T,
2 3 7 9

100 2.11 2.01 2.00
110 2.69 2.48 2.36 2.60

......... 120 3,22 2,91 2.71 3.16
130 3,73 3,31 3.04 | 3.70
140 4.29 3.67 3.33 |..4.20
150 4.84 4.01 380 4.88
160 8.08 4.32 3-85 1.5:13
170 5.46 4.62 |..4.0% 5:58
180 5.83 4.90 | . 4-:82 1 .5.87
190 5.16 4.53 “
200 5,41 4.74
210 5.64 4,93
220 5,87 5,12
230 5.30
240 |40 5.47
260 | 5.80

270 5.96
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Table 5.38:

Tabie 5.39: Variation of f in
Q B Tor
e 2 | 3
576 _3.93
720 4.11
864 4.21
1008 5,27 4.23
1152 5.40 4.20
1296 5.04 | 4.20
1440 4.69 3.97
1584 4.33 3.78
1728 3.98 1 3.58
1872 3.64 3.35
2016 3.30 3.10
2304 2.63 2.54
2448 2.30 2.25

=

fY.
(N/mm?)
180
2086
231
_257
283
308
334

g

2.24
3.06

4.69

3.88

_5.47

Variation of B,

B for
3
~2.15
2.81
3.42
3,97
- 4.47
4.93
5.38

e e

with yield strength,

80

pdf of T,
7 9

2.09 2.20
2.64 2.99
3.12 3.87
3.54 4.76
3.82 5.85
4.28

bt 28O -

live lovad,

pdl ot 1,

7 g

4,44 5.71
4.30 5.91
4.16 5,88
4 .01 5.70
3.86 5.43
3.86 5.43
3.54 4.76
3.37 4.39
3.20 4.02
3.01 3.65
2.82 3.28
2.40 2.56

T
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Table 5,40 Variation of B with dead load, G.

I; G 1 B for pdf of T,
E (kN) 2 3 7
l 15 4,83 4.06 3.61 | 4.93
f 30  4.80 4.04 3.59 4.89
45 1 4.75 | 4.01 3.58 4.84
60 | a.72 3.99 3.56 4.80
| 75 4,69 3.97 3.54 4.76
| 30 . 4.65 | 3.95 3.52 4.72
i 105 | 4.61 | 3.92 3.51 4.67
: 120 4,57 3.90 3.49 4.63
| 135 | 4.54 | 3.88 3.47 4.59
| 150 4.50 | 3.85 3.45 4.55
| 165 | 4.46 | 3.83 3.44 4.51
[ 180 | 4.43 | 3.80 3.42 4.47
| 195 | 4.39 | 3.78 3.40 4.43
}, 210 | 4.35 3.76 3.38 4,39
?‘ 225 4.32 %78 3.37 4.34
| 300 | 4.14 3.61 3.27 4.14
} 375 | 3.95 3.49 3.18 3,94
} 450 | 3.78 | 3.36 3.09 3.75
| 525 | 3.60 | 3.24 2.99 3.55
| 600 | 3.42 3.11 2.89 3.36
! 675 3.24 | 2.98 2.78 3.18
| 750 | 3.07 2.84 2.68 2.99
|__tz0 | 2.20 | 2.14 | 2.10 | 2.11
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Table 5.41:

Variation of B with overall

8]

(min) 2
840 2.36
960 3,22
1080 3.98
1200 4.69
1320 5.33
1440 5.92
"1560 -

8 for pdf of f,

3 7 g
2.20 2.11 2.26
| 2.87 | 2.66 3.16
3.45 3.13 3.99
3.97 | 3.54 4.76 |
4.43 3.91 5.46
4.84 4.24
nnule | 5,85

Table 5.42: Variation of B with flange thickness,
te B for pdf of f,
| (mm ) 2 a y
25 4.96 4.17 3.70
50 4.69 3.97 3.54
75 4.40 3.74 3.38
100 4,11 3.54 3.20
| 125 3.80 3.32 3.02
! 150 3.48 3.07 2.83
i 175 3.15 2.82 2.62
: 200 2.80 | 2.55 | 2.40
| 225 2.44 2.26 | 2.16

82

5.06
4.76
4.45
4.13
3.78
3.45
3.04
B
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depth, D.

.




Tabie 43 Variation of B with web thicknhess,
, 2 _ B Tor pdf of T,
i 2 3 7
7 2.48 2.31 2,22
8 3.26 2,93 2. T
4.00 | 3.48 3.16
10 4.53 | 3.97 3.54
11 5,33 | 4.41 3.89
12 5.94 4.82 4.21
i3 5.19 4.50
14 5,83 4.78
 ——— — s 1 Se 1

t“l

2.38
3.21
4,00
4,76
5.47

T ]

Table 5.44: Variation of B with Ratio G/Q.

G/Q ) B for pdf of 1,
N 2 3 7 9

0.005 4.84 | 4.06 3.16 4.94

0.010 | 4.81 | 4.04 3.59 4.91

0.015 4.78 4.02 3.58 4.87

0.020 4,15 4.00 3.56 4.82
i 0.040 4.63 3.91 3.49 4.71
| 0.060 4.52 3.83 3.43 4.59
! 0.080 4,41 3.75 3.36 4.48
[ 0.10 4.30 3.67 3.30 4.34
| a.20 3.78 | 3.29 | 2.89 3.78

a3




Table 5.45 Varialtiogn of B wilh Ratio D/,

V D/ts B Tor pdl of f,

| | 2 g 7 9
i 30 2.19 2.06 2.00 2.08
ﬁ a5 3.05 2.76 2.58 2.99
| 40 3.82 3.36 3.07 3.81
ﬁ 45 4.52 | 3.89 3.49 4.56
H 50 5.15 4.36 3.87 5.25
| 60 5.16 4.52

Table 5.46: Variation of § with Ratio D/t .

ﬂ D/t - . B for pdf of f,

ii | 2 8 7 9

fl 150 3.03

i 160 2.36

| 170 |  2.66 2.50 2.39 2.25
180 3.96 2.74 2.59 2.57
190 3.32 2.97 2.79 2.88

- 200 3.50 3.19 2.97 3.17

i 225 4,11 | 3,69 3.38 4.09
250 . 4.66 4.13 3.74 4.67

i 275 | 5.16 4.53 4.07 5.20

i 300 . 5.67 | 4.89 4.37 5.68

(I 1522 | 4.64
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5.4 Discussion of Resulls.

Apptopriale compuler programmes (showh in appendix A) wetre
employed 1n this sltudy to compute the safely levels, 8,
implicit in BS 449 provision Tor design of girders subjected to
UDL and point load fTor bending and shear considerations, All
basi¢ wvariablies were prescribed normal except for yield

strength, f For fy, the distributions prescribed and Lheir

yl
cuded numbers are: normal = 2, lognormal = 3; gumbel= 7; and
welbull = 9. Therefore subsequen! references to these disteri-

butions relate to Ty only. The B values in Tables 5.2 to 5.46

were studied with the foilowing deductions,

Wilh respect to varying span for UDL in bending condition
{Table 5.2), for 12m span the following reliabilily levels in
descending order (with respect to choice of distribution for
fy) were obtained: weibull, B = 5.22; normal, B = 4.96;
lognormal, B = 3.35; and gumbel, B = 3.04, Stear condition
(Tabie 5.16) aiso gave a simiiar order with respect to choice
ol distributions except thalt higher reliabilily levels were
obtained (i.e weibuli, B » 6; normal, pg = 5.85; lognormal
f=4.80, and gumbel, B = 4.20). Wilh basic variables prescribed
normal, computed B ranged from 4.96 to 2.08 fTor a correspond-
ing span of 11-14m in bending condition and B ranged from 5.85
to 2.00 for span range of 12m to 23in 1n shear condition. This
implies that the rate of change of 3 is higher for bending

conditron and also under UDL consideration shear requitement
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gives higher reliability JTevels.

In girders subjected to poinl Toad in bending (Table
.5.25), 12m span gave the following reliability levels in
descending order with respect to the prescribed distributions:
weibull, B = 5.01; norimal, B = 4.90; lognormal, f = 4.,90; and
gumbel, § = 3.63, The trend was simiiar to what was obtained
for UDL consideration but variation in span does not influence

f value Tor shear condition in girders subjected to point loatd.

At a4 yield stress, f, = 257N/mm? under a UDL in benhding
condition (Table 5.3), <htained B values for the praescribed
distributions are: f = 3.15 for weibuli; 0 = 2.82 for narmal,
B = 2.63 for loghnormal and B = 2.46 for gumbel. Similarly for
shear condition (Table 5.16), B = 5.93 for weibull; p = 5.35
for normal; B = 4.44 7or lognormal; and = 3.92 for gumbel,
The lower reliability in bending c¢ondition shows that it

controls the design.

Under varying live load values the compuied retiability
levels are dependent on the types of distributions assumed by
the material yield strength,. This is cleariy shown in Table
5.4. At varicus levels of T, different order of the prescribed

distributions were obtained.

The variations of 1oad ratios are shown in Table 5.11 and
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5.22, consideralions are given Lo bending and shear under UDL
respectively. The values of B are higher for shear than
bending. Similarly Tables 5.33 and 5.44 depicl the variation
ol lovad ratios for bending and shear requirements under point
load. In all cases Lhe probability of failure levels are

higher for bending criterion than shear.

Varying aspect ratio Byty with all distributions pre-
scribed normal showed that, under UDL 1in bending condition
(Table 5.10), reliabil1ty Tevels increase from 2.27 to 5.87 for
a ralio of 8 to 17 while Tor point ioad in bending (Table 5.34)
gave B range of 2.34 to 5.78 for a ratio 12 Lo 24, Higher

reliability was obtained for UDL than point load.

In appendix B plots for B values obtained for varying
design parameters Lo show Lheir trend with respect to pre-
scribed probability disltributions are given, Significant
Increases or decreases are observed with changing design

paramaters.,

5.5 Significance of Design Paramelers.

The parameters considered here are those involved in the
fabrication of the steel section 1nh consideration. They are
the specified yield strength (f,), flange width (Bg), overall

depth (D), filange thickness (ty) and web thickness (t,).
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Graphicai plots for the various sensitivily studies are shown
in Tigs 5.2 to 5.5, For each of these parameters considered, a
central reliability level is taken as fo and Lhe corresponding
value ol Lthe parameter is noled (reference point). For an
increase or decrease above or below the reference point of a
design parameter the reliability ralio B/B, is cumputed for the
varying g values,., Comparisons made in the plol for the differ-

ent design parameters follows.

Considering UDL in bending (fig 5.2) a 10% increase in L
showed about 4% change 1n reljabilily, an equal 1hcrease showed
about 6% increase for t, and corresponding 7.8% increase was
observed By, Ty and D have about B8,2% inhcrease in reliabilily
level. A 10% decrease gave about 3.8% deciease for t,, 5%
decrease for ty, 8.8% decrease for By and 10% decrease for T,
and D. These indicate that Ty, and D influence reliabilitly most
and the effect 1s more with decrease in values of Lthese

parameters.

In shear condition also for UDL (fi1g 5.3) a 10% increase
in the vailues of the paramelers showed aboul 7.9% i1ncrease in
reliability level for D, 8% increase for t, and 9% increase for
fye ty decreased reliability by b5%. A 10% decrease ih the
value ol Lhe paramelers showed 8% decrease fTor D, 10% dectease
for fy and ty and a 5% increase for ty. This implies that Ly

influences reliability inversely in shear condition.

90



Sensilivily study of girders subjected to point load in
bending is shown in fig 5.4. A 10% 1ncrease in the parameters
showed a 4% increase in reliabilily for t,, 6% increase in
reliability for tg 8% increase for By and 8.2% inhcrease Tfor
both f, and D. A corresponding 10% decrease showed 3.8%
decrease for t,, 6.8% decrease Tor lg 8.2% decrease lor By and
10% decrease for T, and D. It therefore indicates that
decrease in the parameler 1s more critical Lo reliability level

and Ty and D have Lthe highest effecl.

Wilh girders subjecled to point load in shear (fig 5.5).
a 10% 1ncrease in the parameters gave 8% increase in reliabili-
ty for t,, and about 8.2% increase for D and Ty Al 20%
increase in reliability increased by 15% for t,, 16% for D and
17% Tor Ty.With up to 20% dectease in the values of the parame-
ters, t, and D caused a decrease of reliability by 19.8% and
20.8% for Ty. Ly Tike in the case Tor UDL influences reliability
level inversely by the same margin. Il shows here aisc thal a

decrease 1in the vaiue of Lhe parameters is more critical.

Tables fotr sensitivily plots are given in appendix C
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CHAPTER SIX

CONCLUSTONS AND RECOMMENDATIONS

in this thesis the adequacy of BS 449 provisions wilh
regairds to the design criteria for plate girders subjected to
unrformly distributed load and point load was assessed., Predic-
tion models use to compute the uitimale strength of girders are
compared wilth experimental resulls as shown in Figs 4.1 to 4.4,
Theare are observable scatters 1n lest resuits. The model
overestimates the ultimate strength ot the girders in some
cases while 1n olher cases undereslimaled values were arrived
at. Thus 1t is expected that these deviations will result in
varying reliability levels wilh regards to the design criteria

studied.

The reliabilitly levels associated with the bending and
sticar JTimitations were studied. With the basic vatriate
assuming gaussian distribution, varying reliability levels ()
were compuled for different values of the basic variables. Il
was found that 5 values decrease wilh increasing values of
some of these paramelers and decrease with others, For
example, Tor varying span when UDL is consideted in bending
(Tabie 5.2), lhe value of B ranges ftrom 4.96 to 2.92 within a
span range of 11m to 13m and for varying yield strength (Table

53) B value ranges Trom 2.23 to 3.60 withih a strength range of
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231 N/mm? to 283 N/mm?.

For UDL 1n shear, the variation in span (Table 5.15) gave
a range of B from 5.85 to 4.89 for span range of 12 to 14m and
for variation in yield sltrength (Table 5.16), B ranges from

3.63 to 5.35 for strength range of 206 N/mm?® to 257 N/mmn?.

For poinlt load in bending the variation in yield strength
(Table 5.,26) gave B ranging from 2.80 to 4.24 for strength
within the range of 231 N/mm? to 283 N/mm? and for variation of
live load (Table 5.27), B ranges form 4,67 to 3,90 for load
within the range 100.8 kN to 129.6KkN. For shear consideral ion,
varying yield strength (Table 5.38) gave B's ranging form 3.88
to 5.47 for strength within the range of 231 N/mm? to 283 N/mm?
and for varying load (Table 5.39), B randes from 5.77 to 5.04

for loads within the range of 100.8 to 129.6 KN.

Sonsequent iy 1t is obsetrved that the minimuln informat jon
required for assessing the implied safety levels in design are
expeclted values (e.y mean) of the design variable plus a
measure of the uncertainty (e.g coeflicient of variatiron),
These information may be obltained lTrom observed data coupled

generally wilh professional judgement.

In probability method of design, unforeseen changes could

be simulated and their influences oh safety and performance of
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a slructure predicted. For instance, there are instances whetre
the usage of a structure 18 altered with a corresponding
drastic change 1n the loading condition., Gross ertors occur ihn
geomeliric dimensions ol sections as inhduced by the steel
roltiing procedures, fabrication and erection processes on site,
This method gives the associated measure of risk and will also
allow for introduction of precaultionary signs or measure as to

the Timitations in the usage of a structure.

The appreciable infiuence of specified yield strenglh I,
steel and the overall depth of the I-section girder considered
calls Tor high quality control measures. Laboratory lesls Lo
assess the steel grade and good qualiily workmanship should be

ensured.,

In conclusion the averade of lhe compulted safely index 1in
the study was 3.98 (1.e the probabilily of fTailure, Pe= 3.5x10"
*) which is quite reasonable and within the tange 2 to 4 estab-
lished for code safety index [28]. However , the finhdings
provide other useful information as follows:

(a) The BS 448 desigh criteria for plate girders are not

consistent because the implied rteliabilily levels change

significantiy with changes 1n the values of the basic
design vartables. Also, depending on Lthe probability
distribution of the steel grade, different levels of

reliability are associrated wilh the design equations for
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both bending and shear conditions.

(b) In the design of plate girders bendihy controls the
desiyn.

(¢) Shear 18 more critical with trespect to gitders
subjected to point load than uniformly distributed load.
(d) The overall deplh of section and dgrade of steel arte
the most influential design parameters as far as steef

girders are congerned.

It is dmportant to remark here thalt Lthe probabilislic
approach employed in this study provides an extremely useful
procedure for evailuating thouse aspecls of safely that are
direct functions of material properlies and assumed loading
condiitions when the basi¢c decision variables are random in

nature,
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APPENDIX A: GOMPUTER PROGRAMMES FOR THE COMPUTATION
OF SAFETY INDICES

PROGRAM Al
PROGRAM GIRDER

ASSESSMENT OF CURRENT DESIGN PRACTICE -BS 449

CASE 1~UNIFORMLY DISTRIBUTED LOAD

BENDING CONSIDERATION

IMPLICIT DOUBLE PRECISION (A-H, 0-2)

DECLARE EXTERNAL

EXTERNAL GGIRDER

DIMENSION X(6),EX(6),8Xx(6),VP(10,6),C0V(6,6),Z2ES(3),
1UU(6),EIVEC(6,6),IV(2,6)

CHARACTER*10 PRT

COMMON/GGIRDER/S, RM

C MEAN, STANDARD DEVIATION AND PARAMETER IN DATA BLOCK

OO0

)

DATA EX/2.57D2,8.50D1,3.5D2,1.003,4.0D1,1.2D1/,
18X/2.57D1,1.70D1,0.700,2.0D0,2.000,0.6D0/,
2N/6/,NC/6/,NE/6/,1RHO/0/

WRITE(*,*)'RM ="'

READ(#,+* )RM

EX(2)=RM*EX(2)
$=13000.D0

()

OO0

RESULT WRITTEN IN FILE NO,7
NAUS=7

W g ]

PRINT TO SCREEN
ICRT=0
OPEN(7,FILE="YUSUF.RES',STATUS="0OLD"',ERR=10)
GOTO 20

10 OPEN(T7,FILE="YUSUF.RES",STATUS="NEW")

C PRESETING VARIABLES COV AND IV-YNIT
20  CALL YINIT(N,IV,VP,IRHO,COV,NC)
IV(1,1)=3
IV(1,2)=9
IV(1,2)=9
DO 100 1=1,N
100 X{I)=EX(I)
V1i=1.00D0
BETA=1.D0
c
WRITE(NAUS,5000)
5000 FORMAT(////,5X,70("*"),/,30X, " FORM",/,5X,70("+"),/,
120X, "GGIRDER,7 VARIABLES:')
MODEL IS PRINTED USING ''YKOPF''®

OO
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s NNy

CALL YKOPF({NAUS,N,IV,EX,SX,VP, IRHO)
PRINT ALSO TO SCREEN

WRITE(ICRT, *}'START OF FORMS’
WRITE(ICRT,*)'STOCHASTIC MODEL'

CALL YKOPF (IGRT,N,IV,EX,8X,VP,IRHO) -

PRT = ' COV'

CALL YMAUS{NAUS,NC,N,COV,PRT)

THE MAIN SUBROUTINE IN FORM CALLED

CALL FORMS5(N,IV,EX,SX,VP,GGIRDER, IRHO,COV,NC,EIVEC,
1NE,V1,NAUS,BETA,X,UU, ZES, TER)

THE COORDINATES OF THE BETA-POINT ARE
PRINTED WITH THE TITLE VECTOR UU

PRT="UU"

CALL YFAUS{NAUS,N,UU,PRT) -
THE VECTOR ZES 1S PRINTED-TITLE 'VECTOR ZES®
PRT="ZES’ g

CALL YFAUS(NAUS,3,ZES,PRT)
WRITE(ICRT,*) END OF FORM5:1ER=",IER
WRITE(ICRT,*)'RESULTS,SEE FILE YUSUF.RES®
STOP

END

SUBROUTINE GGIRDER(N,X,FX,IER)
GIRDER SUBJECTED TO U D L

LIMIT STATE FUNCTICN

BENDING REQUIREMENT

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION X({N)

COMMON/GGIRDER/S,RM

AMOM=0.125%(X(2)+A(2)*RM)*S**2
TERM1=2.0*X{3)*X(5)*(0.5%(X(4)-X(5)))**2
TERMR2=X(3)*X(5)**3/6.0
TERM3=X(6)*{X(4)~2. 0*X(5))**3/12 0
A=TERM1+TERMZ+TERM3

FX=1.05%X(1)~AMOM*X(4)/(2.0%A)
IER=0

RETURN

END
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PROGRAM ATI

C ASSESSEMENT OF CURRENT DESIGN PRACTICE USING BS 449
¢
o
IMPLICIT DOUBLE PRECISION(A-H,0-7)
c LIMIT STATE FUNTION DECLARED EXTERNAL
EXTERNAL GSHEAR
c
S SHEAR CONSIDERATION
DIMENSION X(5),EX(5),8%X(5),VP(10,5),C0V(5,5),ZES(3),UU(5)
1,EIVEC(5,5),1IV(2,5)
CHARACTER#*10PRT
c
£ LENGTH S AND LIMIT STATE FUNCTION SET
COMMON/GSHEAR/S,RM
o
' MEAN STANDARD DEVIATION AND PARAMETER IN DATA BLOCK
DATA EX/257.0D0,8.50D1,1,0D3,4.0D1,1.2D1/,
i8x/2.57D1,1.70D1,2.0D0,2.0D0,0.6D0/,N/5/,NC/5/,
2NE/5/,IRHO/0/
WRITE(*,*)'RM =
READ(*,*) RM
c EX(6)=RM*EX(86)
o
$=13000.,D0
L
C RESULT WRITTEN IN FILE NO 7
NAUS=7
' PRINT TO SCREEN
ICRT=0
OPEN(7,FILE="'ABDUL.RES',STATUS="0OLD',ERR=10)
GOTO 20
10 OPEN(7,FILE="'ABDUL.RES’',STATUS="NEW")
c PRESETING VARIABLES VP,COV AND I1V-YINIT
20 CALL YINIT(N,IV,VP,IRHO,COV,NC)
IV(1,1)=3
IV(1,2)=9
DO 100 I=1,N
100 X(I)=EX(I)
Vi=1,0D0
BETA=1.0D0
c
WRITE(NAUS,5000)
5000 FORMAT(////,5X,70("*"),/,30X, 'FORM5",/,5X,70('**),/,20X%,
* 'GSHEAR,6 VARIABLES:')
C
(o MODEL IS PRINTED USING "YKOPF”
CALL YKOPF(NAUS,N,IV,EX,SX,VP,IRHO)
C
C PRINT ALSO TO SCREEN

PROGRAM SHEAR
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OO0

WRITE(ICRT, *) 'STOCHASTIC MODEL:’
CALL YKOPF(ICRT,N,IV,EX,SX,VP,IRHO)

MATRIX COV IS PRINTED USING "YMAUS™
PRT="COV’
CALL YMAUS{NAUS,NC,N,C)V,PRT)

THE MAIN SUBROUTINE IN FORM CALLED
CALLFORMS5 (N, IV,EX,SX,V>,GSHEAR, IRHO,COV,NC,EIVEC,NE, V1,
1 NAUS,BETA,X,UU,ZES, IER)

THE COORDINATE OF BETA - POINT PRINTED , TITLE VECTOR UU
PRT="UU"

CALL YFAUS(NAUS,N,UU,PRT)

THE VECTOR ZES IS PRINTED

PRT="'ZES’

CALL YFAUS(NAUS,3,ZES, RT)

WRITE(ICRT,*) END OF FORM :1ER=",IER

WRITE(ICRT,*) 'RESULT SEE ABDUL.RES’

STOP

END

SUBROUTINE GSHEAR{N,X,FX,IER)
GIRDER SUBJECTED TO U D L
LIMIT STATE FUNCTION

SHEAR REQUIREMENT

IMPLICIT DOUBLE PRECISION(A-H,0-2)
DIMENSION X(N)
COMMON/GSHEAR/S,RM

FX=0.643X{1)~(0.5%{X{2)+X(2)*RM)*8)/({X(3)=-2.0%X(4))
1 *X{(5})

1ER=0

RETURN

END
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PROGRAM AITII

oo OO OO0

a0

OO0

OO0

O

o

C

C

10

100

PROGRAM TRIAL
ASSESSMENT OF CURRENT DESIGN PRACTICE USING BS 449
IMPLICIT DOUBLE PRECISION(A-H,0-Z)

LIMIT STATE FUNCTION DECLARED EXTERNAL
EXTERNAL GTRIAL

BENDING CONSIDERATION FOR POINT LOAD

DIMENSION X(6),EX(6),8X(6),VP(10,6),COV(6,6),72ES5(3),
1UU(6),EIVEC(6,6),1IV(2,6)

CHARACTER*10 PRT

LENGTH S,LOAD LOCATION AL,LIMIT STATE SET
COMMON/ GTRIAL/S,AL,RM

MEAN STANDARD DEVIATION AND PARAMETER IN DATA BLOCK
DATA EX/257.00D0,1.44D6,7.50D4,7.0D2,5.0D1,
11.0D1/,8X/25.700,290.88D03,9.0D3,1.4D0,2.50

2D0,0.5000/,N/6/,NC/6/,NE/6/, 1RHO/0/
WRITE(#*,*)'RM =’
READ( *,* )RM

EX(7)=RM*EX(7)

5=15000.D0
AL=8§/2.0

RESULT WRITTEN IN FILE NO 7

NAUS=7

PRINT TO SCREEN

ICRT=0
OPEN(7,FILE="UNYAH.RES',STATUS="0LD"',ERR=10)
GOTO 20
OPEN(7,FILE="UNYAH.RES',STATUS="NEW")

CALL YINIT(N,IV,VP,IRHO,COV,NC)
iv(1,1)=8

IV(1,2)=9

DO 100 I=1,N

X(I1)=EX(I)

Vi=1.0D0

BETA=1.,0D0

WRITE(NAUS,5000)

5000 FORMAT(////,5X,70('*'),/,30X, 'FORM5",/,5X,70("*"),/,

120X, "GTRIAL,7 VARIABLE:')

102



OO0

@)

OO0

O

MODEL IS PRINTED USING "YKOPF"
CALL YKOPF(NAUS,N,IV,EX,SX,VP,IRHO)

PRINT ALSO TO SCREEN
WRITE(ICRT,*)'START OF FORMS5'
WRITE(ICRT,*)'STOCHASTIC MODEL:'
CALL YKOPF (ICRT,N,IV,EX,SX,VP,IRHO)

MATRIX COV IS PRINTED USING "YMAUS"

PRT="'COV'

CALL YMAUS(NAUS,NC,N,COV,PRT)

THE MAIN SUBROUTINE IN FORM IS CALLED

CALL FORM5(N,IV,EX,SX,VP,GTRIAL,IRHO,COV,NC,EIVEC,NE,
1¥1,NAUS,BETA,X,UU, ZES, IER)

THE COORDINATE OF BETA-POINT PRINTED TITLE VECTOR UU
PRT="UU"

CALL YFAUS(NAUS,N,UU,PRT)

VECTOR ZES IS PRINTED

PRT='ZES'

CALL YFAUS(NAUS,3,ZES,PRT)

WRITE(ICRT,*)'END OF FORMS5:IER=",IER
WRITE(ICRT,*)'RESULT SEE FILE UNYAH.RES'

STOP

END

SUBROUTINE GTRIAL(N,X,FX,I1ER)
GIRDER UNDER POINT LOAD
BENDING REQUIREMENT

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION X(N)
COMMON/GTRIAL/S,AL,RM

AMOM=X(2)*(S-AL )*AL/S+0,5+4X(3)*AL
TERM1=2,0%X(4)*X(5)*(0,.5%(RM*X{(6)-X(5)))**2
TERM2=X(4)*X(5)%%3/6.0
TERM3=X(6)*(RM*X(6)-2.0*X(5))**3/12.0
A=TERM1+TERM2+TERM3

FX=1.05%X(1)-BM*X({6)*AMOM/(2.0%A)
IER=0

RETURN

END
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PROGRAM AIV

PROGRAM TEST

c
C ASSESSMENT OF CURRENT DESIGN PRACTICE USING BS 449
C
IMPLICIT DOUBLE PRECISION{A-H,0-2}
C LIMIT STATE FUNCTION DECLARED EXTERNAL
EXTERMAL GTEST
c
C SHEAR CONSIDERATION FOR POINT LOAD
DIMENSION X(5),EX(5),SX(5),YP(10,5),C0V(5,5),2E8\21,
1 uu(s),
{EIVEC({5,5),1v(2,5)
CHARACTER*10PRT
c
c LENGTH S,LOAD LOCATION AL,LIMTT STATE SET
COMMON/GTEST/S, AL ,RM
C
c MEAN STANDARD DEVLIATION AND PARAMETER IN DATA BLOCK
DATA EX/257.00D0,1.44D6,7.5004,5.001,1.001/,
18X/25.7D0,290.88D3,9.0D3,2.50D0,0.5D0/,N/5/,
2NC/5/ ,NE/5/, IRHO/0/
L™
: WRITE(#*,*)'RM =’
READ(*,*)RM
c EX{8)=RM*EX(6)
c
§=15000.0D0
AL=8/2.0
c
C RESULT WRITTEN IN FILE NO 7
NAUS=7
c PRINT TO SCREEN
ICRT=0
OPEN(7,FILE="SHEHU.RES',8TATUS="OLD',ERR=10}
GOTO 20
10  OPEN(7,FILE='SHEHU.RES’,STATUS='NEW')
G

20 CALL YINIT(N,IV,VP,IRHC,COV,NC}
DO 100 I=1,N _
IV(1,1)=3
Iv(t1,2)=9

100 X{(1)=EX{1)

Vi=1.0D0
BETA=1.0D0

c
WRITE(NAUS,5000)

5000 FORMAT(////,5X,70('**),/,30X,'"F O R M 5',/,5%,70("*"),

1/,20X, "GTEST, 6 VARIABLES:')

(]

c MODEL 1S PRINTED USING "YKOPF"
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CALL YKOPF(NAUS,N,IV,EX,8X,VP,IRHO)
PRINT ALSO TO SCREEN
WRITE(ICRT, *) 'STOCHASTIC MODEL'
CALL YKOPF(ICRT,N,IV,EX,8X,VP,IRHO)

MATRIX COV IS PRINTED USING"YMAUS"

PRT="'COV"’

CALL YMAUS(NAUS,NC,N,COV,PRT)

THE MAIN SUBROUTINE IN FORM IS CALLED

CALL FORMS5(N,IV,EX,SX,VP,GTEST, IRHO,COV,NC,EIVEC,
1NE,V1,NAUS,BETA, X,UU, ZES, IER)

COORDINATE OF BETA - POINT PRINTED TITLE VECTOR UU

PRT="UU"
CALL YFAUS(NAUS,N,UU,PRT)
PRT='ZES’

CALL YFAUS(NAUS,3,7ZES,PRT)
WRITE(ICRT,*)'END OF FORM:IER=",IER
WRITE(ICRT, *) 'RESULT SEE SHEHU.RES'
STOP

END

SUBROUTINE GTEST(N,X,FX,IER)
GIRDER UNDER POINT LOAD
SHEAR REQUIREMENT

IMPLICIT DOUBLE PRECISION(A-H,0-2)
DIMENSION X(N)
COMMON/GTEST/S,AL,RM

VMAX=(X(2)+X(2))*AL/S
FX = 0.64*X(1) - VMAX/((RM*X(5)-2.0%X(4))*X(5))
IER=0

HETURN
END
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APPENDIX B: SELECTED PLOTS OF VARIATION OF SAFETY INDICES, @
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Fig. B5: Variation of B with yield strength, 1’]r (UDL in
shear)
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APPENDIX C: TABLES OF VALUES FOR SENSITIVITY PLOT

Cl: BENDING CONSIDERATION FOR UNIFORMLY DISTRIBUTED LOAD

TABLE: 1(I)

% change in T, B/Bo
-43,80 0.47
-37.47 0.57
-31 .14 0.66
-25.06 0.74
~18: T3 0.81
-12.41 0.88
- 6.08 0.93
- 0.00 1.00

6.33 1.06
12,85 Ta1%
18.73 1.16
25.06 1. 21
29.93 .28
3T i &1 1.30

43.80 1.35



Table: 1(II)

% change in B, B/Bo
-52.63 0.46
-47.37 0.54
-42 .11 0.61
-36.84 0.67
-31 .88 0.72
-26.32 0.78
-21,085 0.83
~-185: T8 0.87
-10,53 0.92
= 528 0.96

0.00 1.00
B 28 1.04
10+53 1.07
15.79 1.11
21.05 i.14
26.32 1.18
31.58 1.21
36,84 1 .23
42,11 127
47.37 1.830

Table: 1(III)

% change in D B/Bo
-33,83 0.58
=28.87 0.68
-20.00 s W 5
-13.33 0.85
- B.87 0.93
- .00 1.00
- 6,67 1.07

13.33 Ton: Y3
20.00 Tw el
28,87 125
33.33 T-31

40,00 1.387



Table: 1(1IV)

% Ghande in t, B/Bo

~855%.58 BiS §
-44 .44 0.65
=33.33 0.76
2222 0.85
-%% s 17 0.93
0.00 1.00
1 1.06
22.22 T.12
33.33 1.16
44 .44 1.29
55.586 1.24

Table: 1(V)

% chande in t, B/Bo
-75.0 0.63
-62.5 0.71
-50.0 Q.77
-37.5 0.84
=285 .0 0.90
S ) 0.95

0.00 1.00
12.5 1:0%
25.0 130
Sf e 1.14
50.0 1.18
6§2.5 T 22
75.0 1.26
87.5 1.30



CII: SHEAR CONSIDERATION FOR UNIFORMLY DISTRIBUTED LOAD

TABLE: 2(1)
% change in 1, B/Bq
-36 .40 0.57
=2t 2l 0.70
== [ - [ 4T a.81
i Rk Q.91
0.00 1.00
8.83 1.08
18.02 .16
27.21 1.23
36.40 1.30
45,23 137

Table: 2(11)

% change in D B/Bo
-41.867 0,54
-33.33 0.66
-25.00 0.76
-16.67 0.85
-8.33 0.93

0.00 1.00
§.33 I
16.67 1. %3
25.00 119
33:33 1.24
41.67 T 2%



Table: 2(III)

% change in t, B/Bo
-40.00 1.18
-30.00 Ta1H
-10.00 1.10

0.00 1.00
10.00 0.95
20.00 0.89
30.00 0.83
40.00 87T
50.00 0.69

Table: 2(1V)

% change in L, B/Bs
-25 0.73
0.00 1.00

25 Yl
50 1.39



CIII: BENDING CONSIDERATION FOR POINT LOAD

Table: 3(1)

change in Ty B/Bo

-40.16 0.54
-33.42 0.64
-26.68 0.72
-20,21 0.80
~13.47 0.87
- B6.74 0.94
0.00 1.00
6,48 1.06
13.21 1.12
19.85 p %
33.16 1.27
38.34 1.31

Table: 3{1I1)

% change n By B/Bq
33.33 0.67
16.67 0.85

0,00 1.00
i6.67 1,138
33.33 1.24
50.00 1.34



Table: 3(III)

% change in d B/Bq
-40,00 0.54
=33 33 0.63
-26.67 0.72
-20.00 0.78
-13.33 .87
- 6.67 0.83

0,00 1.00

6.67 1.086
13.33 1.11
20.00 1.17
26.67 1.22
3333 127
40,00 § P |

Table: 3(1V)

% change in 1, B/Bo
-55.586 0.44
-44.,44 0.61
-33,33 0.74
-22.22 0.84
=%% .11 Q.82

0.00 1.00
¥1.1% 1.07
2R.22 1.13
33.33 1.18
44 .44 1.23
55.56 1.30



Table:3(V)

% change in L B/Bg
-87.51 0.66
71.42 IS
=57 .14 0.79
-42.86 0.85
-28.57 0.90
-14.29 0.95

0.00 1.00
14.29 1.04
28.57 1.09
42.86 1.13
57.14 T3
71.42 1.21

CIV: SHEAR CONSIDERATION FOR POINT LOAD

Table:4(1)

% change in T, B/Be
41.56 0.49
-33.12 0.62
-25,00 0.73
-18.58 0.83
- B.1e .92
-0.00 100
- 8.44 1T.07
16.88 w15
25.32 a2l
33.44 1. 28
41.88 1.34

50.23 3.39



Table:4(1I1)

% change in D B/Bg
41.867 0.50
-33.33 0.63
-25.00 0.74
~18.67 0.83
- 8.83 0.92

0.00 1.00
16.67 1.14
25.00 1.20
33,33 1.26
41.67 1.32
50.00 y i L

Table:4(111)

% change in t, B/Bo
-80 1.23
=60 1.%7
-40 Y12
-20 1.06
0.00 1.00

20 0.94
40 0.87
60 0.79
80 0.72

120



Table:4(1V)

% Change in Lt B/8e
-48.15 0.49
-38.406 0.60
-30.77 Q.70
-23.08 0.77
-15.38 0.86
- 7.69 0.94

0,00 1.00

7.69 1.06
15.38 1.06
23.08 1T
30,77 P A
38.46 1.22
38.46 127
46.15 1.32

121



