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ABSTRACT

The twin aims of this research were to improve the presentation of codified design

information and to investigate the methods used to calibrate the partial safety factors

applied to resistance functions (yr-factors) so as to improve both the economy and the

reliability of the predictions.

A restructured version of EC3 (known as F-EC3) was déveloped by

rearranging the design clauses on the basis of design tasks. This system‘ enables the

code to become more user-friendly. Hypertext versions of both EC3 and F-EC3 have

been created on PC-based Microsoft Windows compatible software. The implications

of hypertext on structural codes are investigated.

The procedure used for calibrating the y;;-factors contained within EC3(the
Annex Z method) was reviewed and an alternative technique involving less
assumption is proposed. A comprehensive set of measurements recording the materal
strength and the geometric properties of steel were obtained .and collated, The large
data set (over 7000 tests) was sufficient to evaluate the type of probability distribution
characterising Fhe variability of the basic material and ‘geornetric properties of-
structural steel. The resulting data were combined with experimental test results to
determine the reliability of plate girder design and restrained beam design. The
theoretical shear buckling resistance of plate girders (predicted by the simple post-
critical and tension field methods) was compared with experimental test results to

determine reliability. The analysis demonstrated that plate girder design falls well

short of the target reliability and an adjustment to the design methods 1s required 1n

order to ensure safe design. A series of 4-point bending tests on laterally restrained

beams were conducted to establish the accuracy of the My rq resistance function. This
study quantifies the degree of conservatism inherent in the M, rq design method and
provides convincing evidence of the need to reduce the yr-factor applied to this
resistance function. A modification 1s proposed to the design formulae which

improves accuracy and permits the full moment capacity of restrained beams to be
utilised.
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LATIN NOTATION

a clear distance between web stiffeners (plate girders)
A section area

B section width

b resistance function correction factor

section width

b

bmx  maximum value of predicted over experimental resistance
bmin  minimum value of predicted over experimental resistance
C,, C; s depending on loading and end restraint conditions

d web depth (plate girders) :

E young’s modulus

fis  stress corresponding to 1.5% strain

f, ultimate tensile stress

fy yield stress

fs  yield stress of flange

fw  yield stress of web

h section depth

I, torsional inertia

L warping inertia

I, major axis second moment of area

I, minor axis second moment of area

k effective length factor(l./L)

k. - ratio of nominal resistance over characteristic resistance

K, 1s the buckling factor for shear

Kw factor referring to end warping

1, Lever arm

M experimental moment of resistance

M. rq elastic moment of resistance
M¢ra design moment of resistance

M, r¢ plastic moment of resistance
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alternative plastic moment of resistance
modified plastic moment of resistance

sample size (number of tests)

resistance
design resistance
experimental resistance value

characteristic resistance

resistance calculated using mean values of basic variables

nominal resistance

theoretical resistance value

characteristic load

factor taken from Student’s t-distribution
flange thickness
web thickness

coefficient of variation

- coefficient of variation of b

shear buckling resistance according to the simple post-critical method

shear buckling resistance according to the tensional field method
experimental shear load at failure

coetficient of variation for yield stress

coefficient of variation of resistance

coefficient of variation of the major axis plastic section modulus
mayjor axis elastic modulus

minor axis elastic modulus

major axis plastic section modulus

minor axis plastic section modulus

basic varnable
distance from neutral axis

distance between the shear centre and the point of load application




Steel design and reliability using Eurocode 3

GREEK NOTATION

sensitivity factor for resistance

safety or reliability index
end rotation
EC3 “boxed value” for resistance partial safety factor

resistance partial safety factor for class 1,2 or 3 cross-sections

resistance partial safety factor for class 4 cross-sections

~ additional partial safety factor proposed herein

partial safety factor for resistance
modified partial safety factor (k. 'YR)

non-dlmensmnal slenderness

web slenderness

mean resistance

standard deviation or stress
standard deviation of b

tension field strength

standard deviation of resistance

simple post-critical shear strength

elastic critical shear strength
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ABBREVIATIONS

CEN European Committee for Standardisation

COV coefficient of variation

EC3 Eurocode 3: Design of steel structures
NAD National Application Document

p.d.f. probability distribution function

PC  personal corﬁputer




Introduction

Chapter One

INTRODUCTION

1.1 PREAMBLE

This thesis is primarily concerned with the recently published Eurocode 3: Design of
steel structures - Part 1.1: General rules and rules for buildings (CEN, 1993).
Eurocode 3 contains much of today’s knowledge of the structural phenomena relating
to the design of steel buildings. It is a limit state code, with the intention that "

probability of failure should remain relatively constant regardless of the design task or
material considered.

This thesis investigates two main aspects of the code: firstly the methods used
for presenting the seemingly complex information contained within the code; and
secondly the reliability of certain structural elements designed in accordance with the

code. Within each of these broad subject areas a number of separate aspects of the

code are considered; these are briefly introduced in this chapter.

1.2 THE BACKGROUND TO EUROCODE 3

This brief review is concerned with the methods used.for presenting code information,

the overall aims of the Eurocodes, together with a ﬁistory of the development of

codes governing the use of structural steelwork. It has been included 1n order to

develop an understanding of how the methods of presenting design information have
changed over time, and in so doing, to point the way to how an improved method can
be developed for the future. A summary 1s given of who uses the Eurocodes and what

the author considers are their requirements. Finally, a review of the supporting

resources that have been developed to assist the transfer from existing national codes

to Eurocode 3 is reported.

- Page 1




Introduction

1.3 ALTERNATIVE METHODS OF PRESENTING DESIGN
INFORMATION

Eurocode 3 1s the latest code 1n a series of regulations introduced this century to govern

the use of steel in construction. Unfortunately for the designer, the task of implementing
new and revised standards 1s becoming increasingly difficult. Codes are rapidly increasing

in size, and locating relevant design material from large and seemingly complex codes can

take a considerable amount of time.

Part of the research reported in this thesis has been aimed at improving the
way code information 1s presented to the designer - and in so doing aid the transfer
from existing nafional standards to the Eurocodes. A number of user-friendly versions
of Eurocode 3 are already available. However, all these versions use roughly the same
method of arranging design material. This work has investigated an alternative format.
for structuring the design clauses contained within the Eurocodes. In addition, the

application of hypertext software to codes has been investigated.

1.4 THE CALIBRATION OF PARTIAL SAFETY FACTORS

As stated previously Structural Eurocodes are written in accordance with the concept of

limit state design. Partial safety factors are applied both to the design loading and design
resistance. In theory, probability of failure should remain relatively constant regardless of

the design type or material considered. Safety factors are derived partly on the basis of

statistical analysis and partly based using experience of what has proved safe in the past.

The work reported herein has been to establish the validity of the safety factors applied to

steel designed using EC3. These factors are known as y-factors and the statistical method

used for calculating them is reviewed. Following this work an improvement to the method

1 proposed. The justification and effect of the improvement is reported.

15 THE VARIABILITY OF MATERIAL AND GEOMETRIC
PROPERTIES

During the calibration of the Eurocode 3 partial safety factors, assumptions are made
concerning the variability of the material and geometric properties of steelwork. In the
background documentation to the Eurocodes, values are specified for the statistical

variability of the various basic variables relating to steel. These values are based on

Page 2
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work originally undertaken during the 1970’s. Since manufacturing methods have

improved during the past 20 years, an important question concerning reliability levels

is what is the true varnability of the basic variables relating to steel design?

Utilising manufacturers’ quality assurance records, the author has established a

measure of the vanability of the material and geometric properties of steelwork

manufactured by two leading European producers. The resulting statistical data i1s

compared with the measures of variability assumed during the calibration of the

Eurocode 3 partial safety factors. The data is also utilised for the calibration of certain

resistance functions in the subsequent chapters.

1.6 THE RELATIVE SAFETY LEVELS OF EUROCODE 3
DESIGN | - -

The variation of the limit state approach to design used in the Structural Eurocodes
involves the use of what are termed boxed-values of partial safety factors. These values are
specified both within the codes and in the national application documents produced by
each CEN member state. This approach gives each member state the freedom to adjust the
relative economues achieved by the Eurocodes to the levels already achieved by the
existing national standards. However, the system does create a situation where different
resistancé functions have the same values of partial safety factors zippﬁéd to them for

political, and not safety reasons.

Resistance functions vary in their ability to predict resistance, since the various

types of failure mechanisms differ in their degree of repeatability. For example, the pull-out
capacity of bolts in tension is a substantially easier failure mechanism to predict accurately
than the load required to cause a lateral torsional buckling type failure. In theory, the
degrees of uncertainty associated with various resistance functions should combine with
the variability of material and geometric properties to produce different probabilities of
failure between the various resistance fanctic_ms; assuming a uniform value of partial safety
factor is applied to a range of different resistance functions.

Utilising experimental test results, the author has investigated the reliability of two
radically different resistance functions. Firstly, the reliability of plate girder design. A
design task that is both complex and associated with a high degree of instability. And
secondly, the reliability of restrained beams; which is a comparatively simple design task.

Thus, the degree with which the boxed-values approach to limit state design achieves the
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Introduction

objective of uniform safety levels across a range of different resistance functions 1s

investigated.

A series of bending tests (Hasan and Hancock, 1988) have demonstrated that the

plastic moment of resistance design formula substantially underestimates the bending

strength of cold-formed rectangular hollow sections. This underestimation of resistance 1s

caused by strain hardening of the sections during the rotation of the plastic hinges. In order

to establish whether class 1 hot rolled open sections also have the potential to substantially
exceed their plastic moment capacity, a series of bending tests have been carried out and
are reported heremn. In addition, two design formulae are proposed that take some account
of the additional reserve of strength caused by strain hardening. Utilising the results from

the experimental testing, the appropriateness of these formulae is established.

Page 4
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Chapter Two

THE BACKGROUND TO EUROCODE 3

2.1 THE HISTORICAL CONTEXT

Today's codes provide detailed guidance for a huge variety of different design
situations. These comprehensive codes are a relatively new phenomenon. In this
chapter an attempt has been made to chart the development of the steel codes that are

taken for granted today, and in so doing become better informed about the way codes
should be structured in future.

2.1.1 THE EARLIEST KNOWN CODES

The earliest known building code dates from Ancient Babylonia. In the 18th Century BC
the Code of King Hammurabi stated:

"If a builder has built a house for a man, and his work is not strong, and

if the house he has built falls in and kills the house-holder, that builder
shall be slain.” |

This may be considered rather harsh by today's standards, but the intention to ensure good
practice remains unchanged. The Ancient Greeks were more lenient to the construction
industry. Architects hired craftsmen and supervised construction; with the specifications
being written in stone. The Rbmans devised numerous building regulations, covering the

construction of buildings, water supply and sanitation facilities. They also wrote standards

for setting out projects.

The first major code this Millennium was the London Building Act, drafted after
the Great Fire of London which destroyed 15,000 structures in 1666. Surprisingly no

restrictions were made on the use of combustible materials, despite the warnings from Sir

Christopher Wren. Throughout history, codes and building regulations have been
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introduced following major disasters in order to ensure good practice and safeguard the
public.

2.1.2 PRE BS449 REGULATIONS

Regulations to govern the use of steel in buildings have been in existence in the UK since
the London County Council (General Powers) Act of 1909. This act was one of the first

of its kind and was used as a model code by other UK cities and throughout what was
then known as the Dominions. The LCC act remained in force for 23 years unti the
advent of BS449 in April 1932. Prior to 1932 many members of the engineering
profession, particularly those involved in the steel industry felt that regulations controlling
the use of steel were too restrictive, not fully utilising the excellent properties steel had to
offer. Methods of manufacture had improved, along with more precise methods of
modelling structural phenomena. It was with these thoughts in mind that the Brtish
Steelwork Association approached the Department of Scientific and Industrial Research
with a request that the use of steel in structures be investigated. As a result the Steel

Structures Research Committee (SSRC) was appointed in August 1929, with the
following terms of reference:

 To review existing methods and regulations for the design of steel structures.

To investigate the application of modern theory to the design of steel structures

and translate to practice the results that appear to lead to more efficient and

economical design, i.e, the creation of steel design code.

In 1931 Stanley Baldwin, Lord President of the council wrote in his preface to the
first SSRC report’:

"It reflects great credit on the leaders of the structural steel industry that
intense trade depression, which has aﬁectéd their industry more seriously
than many others, has not held them back from devoting money and energy
towards the studies of the fundamental principles of technique and practice.
The British Steelwork Association, in seeking to foster development in this

way, has taken a far sighted view."
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These words are strikingly similar to those spoken some 61 years later by Rt. Hon.
Michael Heseltine's representative from the DTI at the 1st CIMsteel Convention In
Runymeed, in December 1992. The SSRC was in existence for 6 years, during which time

it published 3 substantial and far reaching reports (SSRC, 1931), (SSRC, 1934) and
(SSRC, 1936). The first task undertaken was a review and comparison of the existing

regulations governing the design of steel structures in the UK, the Commonwealth and the

rest of the world. A selection of the findings of this review are briefly summarised as

follows:

Regulations in the UK by 1931. The building bye-laws for local authorities including
Liverpool, Manchester, Bristol and Norwich adopted the standards set by the LCC 1909
Act, with a number of modifications to suit their own requirements. Detailed codes of

practice were not available and in the majority of cases steel construction was covered by a
clause to the effect that :

“The framework shall be of sufficient strength to secure due stability and
shall be properly put together and protected with suitable and durable
material non-conductive to heat; and the framework shall be filled in with
bricks, stone or other hard and incombustible material properly and solidly

put together, and of such thickness as shall be necessary to secure due
stability to such filling.”

No criteria for checking stability were specified. The Scottish building bye-laws
seem to have given more guidance than their English counterparts, with both Edinburgh

and Glasgow bye-laws defining minimum superimposed loads for floors. No regulations

dealing with steel construction were provided in Ireland. -

Regulations in Commonwealth Countries by 1931. In contrast to the UK situation,
many cities in the Commonwealth provided in their building bye-laws detailed codes of
practice relating to the design of steelwork structures. Some of the more notable bye-laws
were: The Municipal County of Sydney, 1917; City of Melbourne, 1923; City of Perth,
1929; City of Auckland, 1925; City of Wellington, 1908; Municipality of Johannesburg,
1925; and finally the Standard specification for steel structures for building, (Second:
Edition, 1930) produced by the Canadian Engineering Standards Association. J.F. Baker -
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one of the most active members of the SSRC - seems to have found wide variation

between the various regulations; in (Baker, 1936) he wrote:

" The differences between the bye-laws of these eight districts are more

easily seen than the reasons for them ".

Regulations in Other Countries by 1931. As would be found today, the
regulations seem to have varied considerably between different countries. In America
every large town had its own code of practice. This contrasted with the situation in France,
where in the absence of an official code of practice steelwork structures seem to have been
built in accordance with the regulations concerned with the design of steel bridges and
railway buildings. In Germany regulations relating to permissible stresses for mild steel and

high tensile steel used in building construction were issued by the Prussian Minister for
Public Welfare in 1929.

It was found that the materials demanded and working stresses allowed were fairly
uniform between different countries. Significant differences were found between the
various clauses governing the proportioning of members, but it was the loading

requirements that showed most variation. New York and German codes specified
significantly lower imposed loads than their London counterparts. In some cases the
loading specified for London buildings was over twice that specified in New York.

2.1.3 BS449: THE UK's FIRST NATIONAL STEEL CODE
At the time of the formation of SSRC, regulations governing the use of steel in structures

were considered unsatisfactory. It was necessary to draw up immediate recommendations
for a code of practice. These recommendations, published in the Commuttee's first report

(SSRC, 1932) removed many of the restrictions on the use of steelwork and formed what
was in effect a draft version of the BS449 (BSI, 1932).

Although the 1932 version of BS449 was by modern standards a small code it
filled a much needed gap in the design of structural steelwork. It was adopted almost
immediately by London County Council, the Ministry of Health and H.M. Office of
Works. The various clauses were rather brief in nature and covered areas of design such as
loading requirements, fire protection, detailing requirements and pressures on foundations.

It must be remembered that BS449: 1932 was based on the initial recommendations of the

SSRC, before the results of their research were made available. During the period between
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1929 and 1936 a series of detailed laboratory experiments and tests on actual buildings

were performed. Based on this data the SSRC presented more refined recommendations,
covering areas such as multi-storey frames in their final report, issued in 1936. The
Chairman of the Committee suggested that these recommendations be permitted as an

alternative to the 1932 version of BS449, which the Committee must have considered as

out of date. Design was permitted in accordance with these recommendations, although

they never became widely used.

A programme of codes of practice for buildings was established under the
direction of the Ministry of Works in 1942. This resulted in a code for the use of structural
steel in buildings, which was issued as CP113 in 1948. CP113 and BS449 contained
basically the same information; the main difference being that BS449 was,h mandatory
document, whilst CP113 took the form of recommendations that represented a standard of
good practice. When the codes of ‘pra‘ctice council was formed within the BSI, it was '
decided to incorporate CP113 into the Fourth Revision of BS449, issuied in May 1959.

It is the practice of BSI to review all speciﬁéations at least every J years. Drafting
committees are maintained after codes are issued and recalled when code reviews are
deemed necessary. During these reviews the codes are updated to take advantage of any
developments in the. understanding of structural behaviour .resulting from research

projects. BS449. was revised in 1935, 1937, 1948, 1959 and 1969. Of these the 1948
revision was the most substantial, setting the style followed by later issues.

2.1.4 BS5950: A LIMIT STATE CODE FOR STEEL
During the preparation of the metric version of BS449, issued in 1969, the need for a full

revision of the code was identified. Accordingly, the B/20 Committee was re-established

with the task of producing a code incorporating recent advances in both design and

construction techniques. By this stage the benefits of the limit state design approach were

realised, thus the B/20 ‘Committee agreed that the new code should be written in -
accordance with limit state theory. |

The style adopted for structuring clauses changed from the BS449 system to that
of the Australian Standard AS CAl. Another change was in the method of code drafting.
For the first time BSI employed consulting engineers to draft the clauses. Previous codes

had been drafted by committee members. The 'rnajority of work on BS3950 was

conducted by a single 'engineer whose job was to prepare discussion ﬁapers and trial
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clauses for submission to the various sub-committees for comment. This approach was
subsequently repeated for other BSI codes.

BS5950: Part 1 was initially 1ssued in draft version in 1977, then commonly known

as the B20 draft. As a result of comments received the Committee decided that the code
needed redrafting into a shorter, more streamlined form. In 1978 the European
Convention for Constructional Steelwork (ECCS), publshed the FEuropean

recommendations for Steel anstruction (ECCS, 1978). These recommendations were a
synthesis of specifications and codes in force at the time, combmned with the most up-to-
date knowledge on structural behaviour, applied using limit state and plastic design

principles. It was viewed as a model code for its time, and Constrado, the organisation
delegated the task of redrafting B20, was instructed to prepare the final version of BS5950

using a style and content as close to the ECCS recommendations as possible, since the

future EC3: Part 1.1 (CEN, 1993) would be based on the ECCS recommendations.
The resulting code was completely different to BS449, both in layout and format,

technical content and design procedures. Some of the more obvious changes were:

o BS5950 provides detailed guidance for plastic design. By comparison, BS449

accepted plastic design but provided no guidance.

Tables and graphs were supplemented by the formulaec from which they were
derived. | |

BS5950 provides two separate sets of design requirements for certain of the more

complex design tasks, such as those for the design of laterally unrestrained beams;

one set of simplified rules that provide a quick, though conservative design and

another set that provide a more complete and accurate model of the design
considered.

29 ' THE INTRODUCTION OF STRUCTURAL EUROCODES

The package of Structural Eurocodes are currently being issued, with many of them
now at the ENV stage. This means that design may still be conducted using existing
national codes, though designs conducted in accordance with the Eurocodes will be
acceptable in all European Union (EU) member states. It is expected that conversion
to the full EN status will be completed in about five years time. When this happens a

decision will be made between CEN, the EU and member states on whether existingﬁ
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national standards should be withdrawn or allowed to coexist alongside the

Eurocodes for a given period of time.

Structural Eurocodes form part of the EU's overall goal of "unification" for
Western Europe. One of the main methods of completing "unification" is through the

elimination of internal barriers to trade. It has long been felt that national codes,

varying in style and content create internal barriers to trade. Thus it is the expectation

that through the harmonisation of structural codes considerable progress towards the
EU's objective of an “internal market” can be made. The construction industry 1s

considered particularly important since it accounts for a significant proportion of the
total EU's GNP.

In 1985 the European Commission (EC) published a White Paper entitled
. “Completing the Internal market” listing the programme and measures needed to.
ensure the free flow of goods, services, people and capital throughout the EU. This

programme has been further expedited by the Single European Act of February 1986,
which for the first time amended the EC founding charter, the 1957 Treaty of Rome.

The Act speeds decision making by removing the right of member states to veto on

1ssues relating to the Internal Market, hence allowing qualified majority voting. The
Act has the following objectives:

e complete the internal market by 1992
e improved research and development
® progress towards economic and monetary union

e improve working environment and conditions

The task of creating the harmonised technical standards has been given to the

European standardisation bodies set up by industry. These include:
e CEN (European Committee for Standardisation)

e CENELEC (European Committee for Standardisation in the Electrotechnical
field)

e CEPT (European Conference of Postal and Telecommunications Administrations)

Of these organisations CEN, the largest regional standards group in the world

1s responsible for developing the Structural Eurocodes. The Structural Eurocodes are
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being written under the guidance of CEN Technical Committee TC250 and cover the

design of a wide range of structures. The structural materials covered include:

concrete, steel, composite, aluminium, timber and masonry. Also being prepared are

documents covering loading, geotechnics and seismic action.

2.3 THE AIM OF THE EUROCODES

In additional to specifying design requirements, Eurocodes have the following aims:

e to harmonise design standards across the EU’s “Internal Market™;

e to facilitate the free flow of engineering expertise throughout the EU;

e to provide a consistent legal framework and terminology for construction related
contracts;

to provide more comprehensive codes by combining the resources of member
states.

- The cost of research is high and it is expected that savings can be made by
spreading the cost between a number of different countries. By combining the work
of several organisations, design procédures can be more accurately cﬁlibrated.
Developments in the niodelling of structural phenomena can therefore be tested more

thoroughly and a much wider range of design situations can be addressed.

The ultimate aim of the Eurocodes is that the structures designed by using
them will become less costly due to more economic designs, greater competition and
the resulting economies of scale. The benefits are obvious. However, the size of
these very comprehensive codes tends to be much greater than the equivalent national

documents with which engineers are presently familiar. Finding methods for

combining the benefits of scale with the production of practical, user-friendly codes is
not easy; the problem is made more complicated by understandable attempts to
amalgamate the current design rules and design thinking of EC member states into the
new Eurocode rules. In addition, modern more accurate models of structural
behaviour tend to be more complicated than established methods. It is hardly
surprising that the present structure of the Eurocodes finds it difficult to combine ease

of use with fully comprehensive coverage of structural design. The view has
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developed that Eurocodes will rely heavily on supporting documents and computer
software to achieve usability.

24 WHO USES EUROCODES?

Structural codes of practice are aimed at engineers with a sound knowledge of appled

mechanics and the behaviour of structures. They are not intended for people uneducated 1n
the field of structural analysis and hence assume a certain degree of knowledge in the user.

Listed below is a summary of the existing users of codes, and what the author thinks their
requirements are:

Clients. The general requirement is for structures to be of low initial cost, adequate
reliability and low maintenance cost. Comprehensive codes are advantageous to the client,
as designs conducted without the benefit of codes are difficult to check in order to ensure

reliability. Complex design procedures are of no concern, provided the economy of the
fimshed structure is not adversely affected.

International practices of consulting engineers. These organisations, competing in
world markéts, prefer codes that provide guidance on the wide variety of design types they
encounter. The use of a single code in all fhe EFTA member states will allow easier access |
to foreign markets. Experienced engineers concerned with the design of unusual and
complex structures may prefer to refer to fundamental knowledge and want freedom to
work outside the scope of the design formulae of tﬁe codes. The principle/application rule
approach allows for this freedom and is likely to prove popular. Comprehensive codes
providing guidance on the design of unusual design tasks would also be beneficial,

combined with clearly defined design clauses that list the limitations and applicability of the
various design functions. | |

Designers with limited experience, concerned with simple repetitive design tasks,
clearly prefer simple, all embracing design rules allowing for speed in application. These
problems have been alleviated to a large extent by computer aided engineering. Most large
consultancy practices have- extensive suites of design software. This should allow the

inexperienced and less able engineers to design to Eurocodes, largely unaware of the

complex rules to which they conform.
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Small practices of consulting engineers. Designs tends to be limited to certain
structures. Extensive suites of design software are unlikely to be available. Where designs
fall outside the range covered by the software and hand calculation is necessary, then

short, simple codes that allow for speed in application are beneficial. Codes making use of
design charts and tables are particularly useful.

Steelwork fabricators. Design tends to be highly automated with hand calculation
unusual. Detailed codes providing accurate and economuical design guidance for a wide
range of design situations, particularly design of connections and jomnts would be useful.
Long design procedures should not unduly affect design time as most design is conducted
using computer software. Quality standards that are clear and easy to implement, that do

- not impede flow of work and require changes to established procedures are preferred;

Site based construction engineers. A limited amount of design is conducted on site. The

site based engineer is likely to prefer simplified codes covering only a limited range of
design types.

Regulatory authorities. The checking engineer wants a clearly defined set of rules that he.

or she can check have been complied with. Comprehensi\}e codes are advantageous,
designs conducted without the benefit- of codes are difficult to check.

Civil engineering students and lecturers. The civil engineering acader'nic' wants to know
the background to the rules. Students want clear, simple rules that are easily located with

the minimum of time. Clear design procedures are particularly attractive allowing less
scope for mistakes.

Software houses. Software engineers prefer clauses organised on the basis of the area of

structural behaviour to which they relate, rather than the design task to which they relate.

Information specifying the limits of applicability of the various design functions is useful.
Design charts and tables are of little use with the raw analytical models being preferred.
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2.5 SUPPORTING RESOURCES FOR USE WITH EC3

The Eurocodes will never satisfy all the needs of the construction industry. They merely
set out guidelines for the design of certain structures. They do however provide a platform
of knowledge, from which design guides can be developed in order to satisfy the specific
needs of individual groups of engineers. An attempt to meet these needs has been made

with the following supporting literature produced in parallel with the Eurocodes:

C-EC3 - Concise EC3 (SCI, 1992). This simplified version of EC3 is intended as a self
contained, stand alone design guide, that will introduce designers to the provisions and
style of EC3 by building on familiar ground. It is hoped that when designers become
accustomed to C-EC3, they will progress to using the full EC3. Differences between C-
EC3 and BS5950 are clearly explained, together with procedure tables that kst the steps
necessary for the design of certain structural elements. C-TEC3 is the ideal document for

engineers involved with hand calculations, that may otherwise become overwhelmed by

the sheer size and complexity of the full code.

Introduction to C-EC3 (SCI, 1993). This publication contains a series of flow charts that

provide a step—by—st_ep approach to design, together with a series of comprehensiv; design
examples. This document combined with C-EC3 will prove useful during the initial
transition between BS5950 and EC3. Changes in style -and design pﬁilosophy are clearly

explained, with the clauses relating to particular design tasks clearly identified.

E-EC3 - Essentials (ﬁ‘ EC3 (ECCS, 1991). Unlike C-EC3, E-EC3 is not a stand alone

document. It 1s intended as a complimentary document to EC3, containing only those
clauses that are used in day-to-day design.

Structural steel sections: Dimensions and properties to BS4 and BS4848 for use. with
EC3 (SCI, 1992). This document lists the section properties and classification of cross-
sections for UK steelwork section sizes. This information is invaluable as the classification

of cross-sections can be time consuming if carried out directly from EC3.

Eurocode background documentation. A series of detailed background documents
have been prepared by the drafting commuttees. They are extremely specialised in nature,

Listing the test results used for calibrating the design functions. They could prove useful if
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the calculations used to develop some of the tables are required, otherwise they are of little

use in everyday design.

Worked examples for the design of steel structures (BRE, 1994). This publication

provides detailed worked examples conducted in accordance with EC3. Some of the areas
covered include the design of braced and unbraced frames, roof trusses and gantry girders.

The worked examples link into C-EC3 and are very comprehensive. This document will

undoubtedly help during the transition period between BS5950 and EC3.

European Steel Design Education Programme (ESDEP). A vast library of lecture
notes, worked examples, videos, slides and software have been produced for the purpose

of teaching steelwork design to students within the European Community. Design 1s
conducted 1n accordance with the Eurocodes.

Reference standards. As with previous codes, Eurocodes rely heavily on references to
various other standards. Eurocodes make references to various CEN and ISO standards,

many of which have yet to be written. Where this is the case the National Application

Documents reference the relevant national standard, until such time as all the standards are
written.

Software packages. Many software packages are available offering design in accordance
with the Eurocodes, o
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Chapter Three

A FUTURE STRUCTURE FOR EUROCODE 3

3.1 INTRODUCTION

The main functions of structural codes of practice (henceforth referred to as codes) are:

o todefine the design values of applied loading;

e to provide methods of modelling structural phenomena;

e to quantify “failure”.

The function of providing methods of modelling structural phenomena inevitably
leads to regular code revision, a feature that has become the nature of modern codes.
Complaints arising from designers each time codes are revised or new codes are
introduced are all too familiar. This is not a new problem and existed when the. (BCSA,

1959) published a brochure explainipg the changes to BS449 due to the 1959 revision. In
the forward to that document it is written:

"The onset of new or revised regufations invariably heralds a trying period for
the unfortunate people who have to work to such regulations. This applies both

to those who have to comply with, and those who have to administer, such

regulations ".

Codes will continually be revised to keep them up to date as knowledge of the

behaviour of structures improves. This places code writers in a difficult position, since they
must prepare modern codes that accurately reflect developments in understanding, hence
taking advantage of progress m engineering knowledge, whilst at the same time ensuring
that codes do not become more complicated than designers can cope with. Thus code

writing is itself becoming an increasingly difficult process.

Such problems are aggravated by the style adopted for modern codes. In the UK -
apart from the change to A4 - the appearance of structural codes has hardly altered in 60

years, despite great changes in publishing, design fashion and the general availability of a
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wide range of information. Code clauses are still organised on a structural phenomenon
basis. Whilst this format may have been suited to the small codes of the 1930's, it now
results in a commonly 1dentified problem for designers - that of extracting relevant
information in a logical order from an unfamiliar document. Since codes appear to be
Increasing in size at an exponential rate, a method needs to be found for designers
engaged on a particular task to locate the relevant clauses quickly, without becoming

overwhelmed by the shear mass of technical information. The rapidly increasing size

of codes 1s illustrated by Fig. 3.1.
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Fig. 3.1: The effect of 33 years of increasing the size of steel design codes

EC3: Part 1.1 (1992) left, BS449 (1959) right.

This chapter reports work carried out to develop a future structure for Eurocode 3:
Design of steel structures - Part 1.1: General rules and rules for buildings (CEN, 1993).
The Author has restructured Eurocode 3 into an alternative format called F-EC3 (Byfield
and Nethercot, 1994), which differs from Eurocode 3 in that clauses are arranged on a
design task basis. This arrangement has proved helpful to engineers unfamiliar with the
code, since all the clauses relevant to the particular design task actually being undertaken

are clearly identified.
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3.2 RELATED WORK

F-EC3 1s by no means the only attempt at improving the ease with which designers
transfer from their national codes to the Eurocode. The (SCI, 1992) have created the

“Concise Eurocode 3” (C-EC3) and the (ECCS, 1991) have created the “Essentials of
EC3” (E-EC3). Both C-EC3 and E-EC3 contain selected Eurocode 3 material that 1s

supplemented with additional information intended to aid the transition between national

standards and the Eurocode. F-EC3 differs from these documents since it contains the
complete Eurocode 3: Part 1.1 text and no attempt has been made to change or
supplement the code content;{ clauses are simply reorganised.

Various methods for improving the way rules for structural design are codified were
investigated by (Moffatt and Dowling, 1980). In this work it was suggested that code
clauses be split into two different classes: those that are of a purely advisory nature, and
those that are enforceable, with different type-settings {Jsed to differentiate between the ~
two. CEN have adopted an almost identical system for the Structural Eurocodes. Clauses
are split into two classes known as principle rules and application rules, with application
rules printed in italics. Principle rules are general statements to which there is no
alternative. The application rules are generally recognised rules that constitute a means for
satisfying the principle rules requirements, though they are not compulsory. This appears
to be a popular development since it gives designers freedom to deviate from otherwise
rigid, comprehensive code requifements,' providing that the design satisfies the principle_
rules. Moffatt and Dowling also proposed radically changing the way design material is
codified. A system by which' the codes reference “technical information sheets™ was
proposed. The data sheets would provide detailed guidance for specific design situations.
Codes would henceforth cease to be used in near isolation but would become a source of
basic mformation, design 'principles and requirements, and would be used as a source of
references to the individual data sheets. The idea is attractive because codes would be
reduced 1n size and results from researcﬁ work could rapidly be used for design purposes
by incorporation into data. sheets. The system may, however, involve more overall
complexity than the existing arrangement, since technical information sheets would be
likely to proliferate, leaving designers the task of following up numerous references.

One of the pioneers into the development of logical methods for organising code
material was Fenves. The concept of using decision tables for representing the detailed
decisions made during the application of codes to design tasks was investigated (Nyman

and Fenves, 1975). Unfortunately simple design tasks often require seemingly complex
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decision tables, which are therefore most suited as the basis from which computer
programs can be written.

3.3 THE PRESENT STRUCTURE OF EUROCODE 3

Modern Eurocodes use the same principle for arranging design clauses as was applied to
BS449 (BSI, 1932), i.e. they are arranged on the basis of the structural phenomena’to

which they relate, not on the basis of the material required for the design of particular

items.

Since Eurocode 3 is a large document, designers unfamihar with the Code may

find the task of locating relevant information time consuming. There is the possibility that
essential clauses may be missed in the.sheer volume of technical information. Thus a
situation could be envisaged in which a design engineer simply finds a pre—prepared
worked example (BRE et .al, 1994) that he believes closely matches his partiéular
requirements, and follows this in the expectation that all relevant checks will be covered.
Eurocode 3 has deliberately been prepared with the aim of covering a wide variety
of possible applications. It is thought to be largely for this reason that the present
arrangement of clauses has been adopted. Of course, it does have the advantage that
- material relating to a specific phenomenon appearé only once and that .the user is not
confused by having to refer to clauses in sections relating to different types of structural
element e.g. clauses in the beam sections when designing columns. Such an arrangement

does, however, place a substantial requirement on the user to be aware of all the checks

necessary for the task in hand and to be capable of locating relevant design assistance.

3.4 F-EC3: A USER-FRIENDLY STRUCTURE FOR EC3

Using the principle of arranging clauses on a design task basis, Eurocode 3 has- been

reorganised into an alternative format called F-EC3. No attempt has been made to change
the content of the clauses, only the order in which they appear. Extracts from the contents
of F-EC3 are listed on the following page to ilustrate the format used, whilst the

reorganised code is contained in Appendix 1. It should be noted that F-EC3 is only
partially completed.

Page 20



A future structure for Eurocode 3

Chapter 1: Introduction

Chapter 6: Connection design

6.1 General
Chapter 2: Selection of materials 6.2 Detailing requirements
6.3 Beam to column connections
Chapter 3: Design requirements 6.4 Beam to beam connections
3.1 General 6.5 Column splices
3.2 Actions 6.6 Column baseplates
3.3 Deflections 6.7 Bracing connections
3.4 Dynamic effects 6.8 Lattice girders
3.5 Durability
3.6 Fire resistance Chapter 7: Design of welds and
3.7 Fatigue fasteners
3.8 Disproportionate collapse 7.1 General
. 7.2 Bolts |
Chapter 4: Analysis of structures 7.3 Rivets and pins
4,1 Basis * 7.4 Welds
4.2 Simple multi-storey construction |
4.3 Continuous multi-storey braced Chapter 8: Fabrication and erection
frames |
4.4 Continuous multi-storey unbraced ~ Chapter 9: Design assisted by testing

frames

Chapter 5: Member design

J5.1
5.2

General |
Laterally restrained beams

5.3 Laterally unrestrained beams
5.4 Columns

5.5 Struts and ties

5.6 Purlins and side rails

>.7
5.8

Plate girders
Lattice girders

Whilst F-EC3 represents only a reorganisation of Eurocode 3, it does appear to be
substantially easier to use for the less experienced or for those transferring from national
codes. The user simply needs to identify the subsection relating to the design task being
undertaken. Clauses relevant to each design task are clearly identified. Sub-sections form
design procedures, with ciauses arranged in Fhe same order followed in design. Thus if an

engineer is faced with the design of a column, but 1s unfamiliar with the Code, he need
simply locate the relevant sub-section to find code material presented in a logical order. By
contrast, the engineer transferring from the much smaller BS5950 (BSI, 1990) to
Eurocode 3, will have to read large sections of complex code material, simply in order to
identify relevant clauses. The logical arrangement of F-EC3 Is lllustrated by Table 3.1

below, which shows the location of material necessary for the design of a restrained beam.
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Laterally restrained beams 5.1.5 Beams

5.2.1 Bending 5.4.5 Bending moment
5.2.1.1 Basis 19.4.5.1 Basis
5.2.1.2 Bending with low shear 5.4.5.2 Bending about one axis

5.2.1.3 Bending with high shear 5.4.7 Bending and shear
5.2.1.4 Holes for fasteners 5.4.5.3 Holes for fasteners

5.2.2 Shear 54.6 Shear

5.2.3 Resistance of webs... 5.7 Resistance of webs...

Table 3.1. The location of clauses necessary for the design
of restrained beams using EC3 and F-EC3

Whilst the easier identification of relevant material represents the most attractive

feature of the proposed format, F-EC3 has other benefits:

e There is no need for annexes; since most information in the annexes relates to

specific design tasks it is better suited to the main body of the text.
e The format used for F-EC3 is equally well suited td other Eurocodes.

e The restructuring process is madé easier because codes are available on disc.
Providing a master copy is available on file, re-structuring may be undertaken by
the user working with his own computer. This enables individual organisations to

develop F-EC3 in a way most suited to their own particular requirements.

* Most design clauses are relevant to only one design task. This results in less cross-

referencing than might be imagined, since no attempt i1s made to change the

content of the clauses.

. Generallﬂy speaking, clauses in Eurocode 3 are of a brief and specific nature. Many
of them contain the fonnulae necessary for the quantitative evaluation of a
particular design check. Clearly intelligent use of some of the more complex of
these would be assisted if ‘a greater explanation of the background, possible
interpretations and limitations was available. Whilst F-EC3 represents only a

rearrangement of the clauses contained in Eurocode 3, additional material of an
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explanatory nature could readily be incorporated as an additional section within

each design procedure, with its source and status clearly labelled.

e Sections are arranged 1n the same order followed during the design of buildings

1.e. analysis of structures, member design, connection design, design of welds and

fasteners, and finally fabrication and erection.

e Additional material can be included in the Code without affecting the time taken
for designers to locate the information they require. This is a major benefit since

the trend for codes to be continually revised and increased in size seems set to

continue.

o The principle / application rule clause classification used for the Eurocodes gives
organisations the opportunity to draft their own application rules.- These rules:
could be incorporated into - an in-house version of- F-EC3 tailored. to the
organisation’s particular requirements for use by less experienced colleagues.
Code material of little use to the organisation could be deleted with certain

material highlighted to improve the overall efficiency of the design process.

3.5 CONCLUSIONS

Figure 3.1 illustrates the extent to which codes have increasea in size. This 1ncrease
has been undertaken without changing the method used for arranging code material;
L.e. clauses are arranged on the basis of the structural phenomena to which they relate.
This a'rra'ngernent was suited to relatively small documents such as BS449 but it now
creates a commonly identified problem; how does the designer rapidly locate material
relating to the design task undertaken from large, seemingly complex and unfamuliar
codes? Fortunately codes can be made user-friendly. This can be done not by reducmg

the technical ‘content but by changmg the method used for arranging clauses

Providing clauses are arranged on the basis of design tasks, seemingly complex codes

become user-friendly.
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Chapter Four

HYPERTEXT CODES

41 INTRODUCTION

Electronic codes have been discussed since the 1970, yet they are still not available in
design offices. Will this situation change or will the perception that they are an over

sophisticated method of replacing the paper document remain ?
At the present day it is ﬁnlikely that designers are likely to opt for electronic codes.
Most firms of consulting engineers ﬁave well stocked libraries, hand calculations are still
commonplace, and designers are well informed about the particular codes that they most
commonly design to. Despite these difficulties we are moving into the digital age and it is
likely that future design documents and codes will be stored and distributed electronically.
Low cost, powerful PC's have been available since the late 1980’s and can easily

store large libraries of documents. In order to compete in future markets the practices of
consultihg engineers will have to fully integrate computers into the design process.
Designers will inevitably become at ease working in this digital environment, and it is these
engineers that are likely to be receptive to the introduction of electronic codes. This 1s
particularly so if they are available in a multi-document form, offering a wide range of
documents at a lower cost than is presently available. The situation can easily be envisaged
where a standard design library was purchased by practices of consultants, loaded on to
each engineers PC, and from which relevant information is extracted when required and
printed in paper form.

- Before electronici codes become a practical of)tion a method to rapidly locate
information must be found. A method of na\;igating easily through electronic documents is

now available. The method is called Hypertext and following the results of this research it

has been found well suited to the task of creating practical electronic codes.
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4.2 A DESCRIPTION OF HYPERTEXT

Hypertext 1s a means of quickly navigating through electronic documents. Information can
be located quickly using search and indexing facilities and printed out or read directly from
the screen. There are currently a number of commercial hypertext packages available. For
the purpose of this research hypertext versions of EC3 and F-EC3 have been created using
Lotus Smartext, which 1s Microsoft Windows compatible. Windows compatibility 1s
considered important because it enables more than one application to be run at a time, with
the freedom to switch between applications at will. For instance Hypertext, a structural
design package and a word processing package can all be operated simultaneously.

Current trends towards hypertext documents lend themselves to "free text". "Free
text” 1s so called because of the clipboard facility within Microsoft Windows. It is possible
o copy text from a hypertext document onto the Windows clipboard, and thereatter to
paste 1t into another piece of software such as a word processor for direct use or editing.

'Free equations” could become the norm of the future. Using this technique 1t
would be possible to copy a "free equation” from a hypertext British or European standard
and paste 1t nto a spreadsheet or even into the new concept software TEDDS (a
CIMSTEEL project) recently developed by CSC (UK) Ltd, which enables engineering
calculations to be performed within a word processor. Thus engineering equations n the

future could be used direct from their source with no room for error.

= SmarText-F_EC3
_Edit View Index Links Window Help

| - =
: _ " FreTTeYy ¢ £ $ yro K
=N Dkl » b it =) [ LR e
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|1 Introduction UYPERTEXT L
111 Scope |
WELCOME TO THE HYPERTEXT | ||
j 164 Buops et Sareoude 3 | VERSION OF F-EC3: AFUTURE | |
(1) Eurocode 3 applies to the design STRUCTURE FOR EUROCODE 3 |
| t is subdivided into various separal] DOUBLE CLICK ON REQUIRED SECTION:

4 1. INTRODUCTION g
1l ) This Eurocode is only concerned yf| 2. PERFORMANCE REQUIREMENTS L
serviceability and durability of strf| 3. MATERIALS §
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Fig. 4. 1: Typical screen shot of Hypertext F-EC3
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In an attempt to 1illustrate the benefits of Hypertext codes, a series of screen
shots taken from the Hypertext version of F-EC3 are given on the tollowing pages.

The shots show the method used by an engineer faced with the problem of locating all

the material necessary for the design of a simple beam. The engineer using the

conventional paper version of Eurocode 3 will need to study a large section of Code

in order to identify the clauses relevant to this design task. Using the Hypertext

version of F-EC3 this task can be performed 1n seconds.

Fig. 4. 1 shows the screen that greets the user when this hypertext code 1s
activated. The central window entitled "COVER.BMP" has a click sensitive index.
The user can move directly to the chapter of choice simply by clicking the cursor on
the text of interest. The cover page is sitting on top of the document window. The
text contained is that of Chapter 1. The user can move up and down in the document

using the scroll bar. All references to clauses, chapters, figures and tables can be made

simply by clicking the cursor on the reference contained within the text.

IE— % ' SmarText-F EC3
_Eil_e Edit View Index Links Wmdow Help

. |1 5.2.1.3 Bending with high shear ( V,4 => -] 3 Materials

-1 4 Analysis of structures

The theoretical plastic resistance mc 1 5 Member design

presence of shear. For small values 5.1 General

small that it is counter-balanced by ¢}=] 52 Laterally restrained beams
However, when the shear force excegj— 5.2.1 Bending

allowance shall be made for its effec 5.2.1.1 Basis

. 5.2.1.2 Bending with low shear (
Frovided that the design value of thg 9.2.1.3 Bending with higr

the design plastic shear resistance 5.2.1.4 Holes for fasteners

resistance moments given by 5.2.1.4] | 542 Shear
| 5.2.3 Resistance of wehs to transy

When Vse exceeds 50% of Vpra the 5.3 Laterally unrestrained heams
cross-section should be reduced to {:2] 9.4 Struts and ties
momem aﬁowm for the shear force l_ 5.5 Columns

Fig. 4. 2: Screen shot showing the contents of Hypertext F-EC3

Since the user wants information relating to the design of simple beams, the
document outline (contents) shown in Fig. 4. 2 is activated. Initially only the chapter titles
are listed. Each chapter can be expanded by clicking the cursor on the + button located

next o each line. In this instance Chapter 5: Member design has been expanded to reveal
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the subsections. Each sub-section can be expanded to reveal the individual clauses. In this
example the user moves directly to the section relating to the design of restrained beams
with high shear. The user clicks the curser on clause 5.2.1.3 within the contents window in

order to locate the corresponding code material shown in the background window.

—b 7 SmarText-F EC3
File Edit View Index Links Windnw Help

(ES ¥ .1‘ / % %..-.M | EEI—‘ []II E mé_é . |_|
| |E FollTed-F ECT . H
Where the beams are not subject to axial forces, their effective il forces, their effective stiffness
| coefficients may be determined by reference to 3. provided that they
remain elastic under the design moments.
(/) For building frames with concrete floor siabs, provided that the frame 1s of requiar |

layyout and the Joading 1s uniform, it 1s normally suthiciently accurate to assume
that the BIEMOTCESRREREYcoefficients of the beams are as shown in -

Search Results .
LFFECTIV[ S TIFFNESS - (5 instances)

. Kijis the effective beam stiffness coefficient (4) These models may be A
forces, their effective stiffness coefficients may be determined hy reference
that the effective stiffness coefficients of the beams are as shown in tak
its effective stiffness coefficient should be reduced accordingly. (1
forces their effective stiffness coefficients should be adjusted accordingly.

111111111111111

jE= chh.esults R

Fig. 4. 3. Screen shot showing Hypertext search facilities

[t is often necessary to seek information relating to a particular structural
phenomenon. Hypertext contains the facility to carry out word searches. Fig. 4. 3 shows
the result of searching for the words “effective stiffness”. Listed in the active window are
all the 5 instances where this quote appears. Once again the user can move directly to the
relevant section of code by clicking the curser on the quote of choice. This facility 15 of
potential benefit during the drafting of contract specifications or the preparation of
material for design submissions, since relevant material can be quickly located, cut out
electronically and pasted into word processed documents. Simularly, design formulae can
be cut out of the hypertext document and pasted into spreadsheet files. This may help

alleviate the problem of the incorrect copying of the often complex equations that

characterise modern structural design codes.
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Fig. 4. 4: Screen shot showing a hypertext table.

In the text shown in Fig. 4. 3 a reference is made to Table 5.5.2. The reference 1s
written in a different colour to ordinary text since the user can locate the table by clicking
the curser on the reference, the result of which is illustrated in Fig. 4. 4.

Whilst it is not possible to change the content of the hypertext code, it is possible
to make notes on the document. The status of these notes is clearly identified and they can

be read by clicking the curser on the notes symbol contained within the text.

4.3 THE DESIGN LIBRARY

As a result of the complexity of modern codes, designers need increasingly to specialise n
one particular material if they wish to fully utilise the potential of that material. With the
availability of cheap, powerful computers it will not be long before most engineers have a
PC from which most design will be conducted. The increased complexity of the codes will
not noticeably affect the speed of design packages, and hopefully design of structures will
become more economical with greater use being made of the more advanced models of
structural behaviour contained within Eurocodes.

Of course there will always be the need for hand calculations. Small practices of

consulting engineers may find it more economical to design unusual structural members by
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hand, rather than purchase the relevant software. More complex designs may be more
appropriately designed by hand, with software used for checking.

The existing range of documents used in the design process is large. Finding the
relevant piece of information can be time consuming. If the engineer has all the information
at hand the desk will be crowded. For example, work conducted using EC4 (composite
construction), must be accompanied by EC2 (concrete) and EC3. It would seem a natural
progression with the transfer to a more computerised approach to design, together with
the modern hypertext packages available, for the relevant documents required in design to
be mntegrated nto a design library, that may easily be loaded on to the hard disk of the

engineers PC, or alternatively onto the company network.

T " Smatfext-F EC3
Fllc Edlt View lndcx Links ﬂmduw !:I_clp

A e
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i

Full Text F EC3 b 'l

The throat thickness of a fillet weld shall not be less than the wall thickness of Bl
the hollnw section member WhICh t connects.

Bookshclf

A standard design library could look similar to the window shown 1n Fig. 4. 5.
T'his 1s the "book case" that greets the user when hypertext 1s accessed. Any document

can be opened simply by clicking the curser on the book of choice.

A comprehensive library of design documents could be hypertexted and read

or distributed using the Internet. This would give everyone access to all the codes,
providing they have a PC, Modem and telephone. Undoubtedly this will prove useful
to the increasing number of engineers working part of the time from home and those
engineers stationed overseas. The systems that make this technology possible are now

well established, but they are not as yet widely used by the construction industry.
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4.4 SUITABLE MATERIAL FOR INCLUSION IN A DESIGN

LIBRARY

Listed on the fo]lovﬁng pages 1s some of the information that could ultimately be included
In a standard design library.

A full range of Eurocodes. Although all the codes would not be used at once
referral between codes 1s common due to the CEN regulation that the duplication

of information 1n codes 1s prohibited. References to EC2 and EC3 from EC4 are

particularly common. Theoretically, references could be made instantaneously
using hypertext.

A full set of reorganised Eurocodes along the line of F-EC3.

Relevant British Standards.

Building regulations.

A full list of National Application Documents.

Background information to clarify and provide detailed information on.the
application and limitations of the individual design clauses and to identify possible
hazards in design. At present the Eurocodes give llttle information to a1d the .
engineer in the application and understanding of the various design clauses. Many
clauses and design formulae are only applicable to certain areas of design. The
limitations of these clauses are described in various papers, design guides and
more particularly the actual background documents of the Eurocodes which
describe the basis of the various design formulae. All this information 1s extremely
detailed but a slimmed down version of information accessed using a hypertext

system-may prove valuable to the designer faced with more unusual and complex
problems. ' |

‘Design examples. A series of detailed design examples have been developed by
organisations such as the SCI and ECCS in order to help the engineer through the

maze of complex clauses contained in the codes.

Design aids such as charts, tables and graphs. Many previous codes disguised their

rather complex models of structural behaviour by providing design information in
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the form of charts, tables and graphs. The designer simply calculated some basic
variables and read off the result from a table or graph. Eurocodes have opted

away from this system, providing the raw and sometimes extremely complex

design formulae. A series of these design aids will prove invaluable to the small
consultancy practice involved in hand calculations, as complex calculations may be
avolded enabling rapid analysis. This 1s particularly important in view of the fact

that design is an iterative process using for the most part rapid and approximate
calculations.

e Basic design tables such as the SCI 'Blue Book', structural flooring design charts,

re-bar tables, unit weight tables, etc.

e National structural steelwork specification along with similar documents for other
materials.

e Flow charts that indicate simplified if perhaps slightly conservative methods of
design. |

e The ESDEP course of lecture notes.

4.5 CONCLUSIONS

Using the latest- software the old perception that electronic codes are an overcomplicated

and unnecessary replacement of paper documents may begin to change. Listed briefly

below are some of the advantages electronic codes offer:

e Formulas can be cut out of hypertext codes and pasted into other applications,

such as Microsoft Word (word processor), MS Excel (spread sheet) or CSC's

TEDDS software. This offers a significant advance as complicated equations often

get incorrectly copied onto spreadsheét type programs, a problem that hypertext
has the potential to eliminate.

* Specifications can be written faster. Relevant information can be located using

search facilities and pasted into the specification.
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e Hypertext documents can be distributed or read using Internet. This could prove

particularly valuable to engineers working in foreign countries or from home.

e Once hypertext codes are built', changes to their content are not possible. This
will safeguard against the possible deletion of clauses. Notes can be made on the

hypertext documents, though the status of these notes is clearly indicated.

e Hypertext codes are of low cost in memory terms. EC3 take less than 2 megabytes

of memory.

e (Quality assurance problems of ensuring engineers use up-to-date codes are
alleviated. Revised codes can be re-hypertexted, distributed and re-installed onto
networks or PC's. ‘

Given these significant advantﬁges and the user-friendly nature of windows compatiBle

software, it is likely that a market for electronic codes will exist when Eurocodes move
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