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Summary

The work reported in this thesis is concemed with the improvement
and expansion of the assistance given to the designer by the computer in
the design of cold formed sections. The main contributions have been in
four areas, which have consequently led to the fifth, the development of
a methodology to optimise designs. This methodology can be considered
an " Expert Design System" for cold formed sections. '

A different method of determining section properties of profiles was

introduced, using thc properties of line and circular elements. Graphics”
were introduced to show the outline of the profile on screen.

o

The analysis of beam loading has been expanded to beam’/ioading
conditions where the number of supports, point loads,.-and uniform
distributive loads can be specified by the designer. The profile can then
be checked for suitability for the specified ty%ofﬂloading.

Artificial Intelligence concepts have been introduced to give the
designer deccision support from the computer, in combination with the
computer aided design facilities. The more complex decision support was
adopted through the use of production rules. All the support was based
‘on the British standards.

A method has been introduced, by which the appropriate use of
stiffeners can be determined and consequently designed by the
designer.

Finally, the methodology by which the designer is given assistance
from the computer, without constraining the designer, was developed.
This methodology gives advice to the designer on possible methods of
improving the design, but allows the designer to reject that option, and
analysis the profile accordingly. The methodology enables optimisation
to be achicved by the designer, designing varicty of profiles for a
particular loading, and determining which one is best suited.

KEY WORDS: Computer Aided Design, Cold Formed Sections,
Artificial Intelligence, Decision Support Systems,
Expert Design Systems,
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CHAPTER 1

INTRODUCTION
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Over the last forty years, since computers were first available to a
few elite scientists, the developments of computers have increased

exponentially.

The advances of interactive computer graphics, and of now
relatively inexpensive 'minis' and 'micros’ have prompted the escalation
of applications for computers during this period L2 In the designing of
a product, computers help by serving as an extension to the memory of
the designer, enhancing the analytical and logical power of the
designer, and relieving the designer from routine repetitious tasks. In
the manufacture they help by directing machines, keeping stock of
items, process planning, etc. In Artificial Intclligence, computers are
being used to try and understand the nature of human intelligence
through the construction of computer programs that imitate intelligent

bchaviour3.

Although many computer applications are well established, many
are still the subject of lively research work and everyday new
applications are being found or being improved. One such area where
active research in computer applications is taking place, is that of cold

rolled sections.

Cold rolled sections are an important economical proposition for

16



the construction industry 45 Over the last thirty yecars the technology
of the design and analysis of thin walled structures has grown at a
similar pace to that of computers. The cost of raw materials and the need
to utilize the maximum strength of materials have hastened the usec of
these sections, but the analysis of these sections for different
applications is very complex. This has meant that sections were being

inefficiently and improperly used 6,

Research in optimal design of Cold Formed Sections has taken
place since 1968 78,9 after the publication of the A.LS.I. Specifications
for the Design of Cold Formed Steel Structural Members 10 These
methods are limited to specific sections or simple profiles, and simple
structural cases. The complexity of the designing process is such that,
even with the use of standards or specifications in conjunction with
computer aided design, the time period from requirements to design can

take up to two years.

Consequentially in collaboration with a leading West Midlands
Company, the department of Mechanical and Production Engineering of
Aston University had made possible this research to develop a
computerized system by which the optimal design of general profiles
could be achieved. The system requiring a wide range of structural
loading, where in some cases the loading constraints can be varied. This
involved the investigation into the cxisting methods by which designing
was carried out, and generating ways of improving the present

procedures.

17



The following work was undertaken :-

Modification of the technique determining the structural
propertics and the introduction of graphics on screen to show

the profile outline.

Introduction of a new computer technique for complex

loading analysis on continuous beams.

Introduction of Artificial Intelligence concepts for Decision

Support.

Introduction of the suitable use and design of stiffencrs.

Introduction of an overall method for the designing process

with a view to optimization.

18



CHAPTIER 2

COLD FORMIED SECTIONS
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RM TON

2.1, TYPE

Cold formed sections are made from strip or sheet mectal. The sheet
or strip is shaped into a varicty of shapes 4.5, These shépcs can bc scen
in diagram 2.1. It can be seen from the diversity that an almost unlimited
number of shapes can be produced. This varicty has led to a great

number of applications for these sections.

20
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Diagram 2.1: Showing Examples Of Cold Formed Scctions
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2.2. APPLICATIONS

Cold formed sections have a high strength to weight ratio and
hence are widely used in the construction industry 4:5. In the building
industry the number of applications has continually grown, and among
the most popular are:- roof purlins; insulation support sections; cladding

and decking sheets; open web joists; and columns.

In the production of transport components cold formed sections
arc used for:- chassis members; body frames; decorative and functional
trim; ectc. In domestic goods cold formed scctions are used for frames,
panels, trims, etc. These applications are illustrated in Diagram 2.2 and
2.3. Cold rolled scctions arec to be found in almost every cnterprise in

some form or other.
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RICATION

There arc two main methods of producing cold formed scctions:-
1. Cold roll forming

2. Press Brake

Both processes are widely used and it is usually the cconomics of

the processes which determine the one that is adopted .

1d Roll rmin

This is a process by which the strip is fed continuously through
successive sets of rolls. Each set of rolls progressively forms the strip or
sheet until the desired profile has been achieved (this process is
illustrated in diagram 2.4.). A set consists of between two and four rolls,

mainly the top and bottom roll and optionally side rolls 11

25



Diagram 2.4, : lling Mill For 1 m tigns
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A few of the advantages of cold roll forming are:-

1; The process is considerably more flexible than other
processes. Almost any profile of constant thickness can be

produced, including many which are complex.

2. The only restriction on the length of sections for this
mcthod of fabrication is that imposed by transport and

handling problems.

3. This can be a highly economic process, especially when

large quantities of a particular section are required.

4, It is possible to produce exact lengths thus reducing
wastage.
5 Profiles produced have a more aesthetically pleasing

appcarance. This is because the metal largely retains its
initial surface conditions since it is formed at low

temperatures and the forming method is a smooth process.

Pr: Br

Press braking is a process by which short lengths of strip are fed

into the press brake machinc and pressed around shaped dies to form the

27
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The length of the shape is limited to the size of the machine, and
the shape complexity is limited by the simple tooling 4,5 The cost of
tooling is low in comparison with cold roll forming, hence this method is

economical for short simple sections, with short product cycles.

233, Work Hardening

One of the fecatures for sclection of the process to use for the
production of clod formed sections is work hardening. Work hardening
is produced on both processes of fabrication as the metal is cold worked
into shape. But the type and extent of work hardening varies according
to the method of fabrication chosen. Using the cold roll forming process
not only increases the yield at the formed bends but also along the flat
parts of the section, this is due to the smooth method of roll forming as
compared to the violent method of the press brake. This does not occur
when the press brake fabrication method is used 12 This can make a

difference in the economical design of the profile.

29



CHAPTER 3

ECONOMIC DESIGN
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In trying to achieve economic design of cold rolled sections,
there are certain factors which should be considered. These factors are
not apparent at first glance, and are particular to these sections. This is
because cold rolled sections are thin and present additional problems to
the designer. If these factors are overlooked, they will result in failure

of the structure during its period of serviced.

1. SPECIAL PR F

The following is a brief summary of the problems faced by

designers of cold rolled sections.

1.1 1 B

Because these sections are thin, their elemental widths are much
larger than their thickness, consequentially these thin element will
buckle at stress levels much lower than the yicld point of the material if
they are subject to compression, shear loading or direct loading. Hence

in designing, the problem of local buckling is of great importance.

31



(b)

Diagram 3.1: Showing Local Buckling on

Ha ion

(b) Unstiffened Channel Section

Local buckling does not mean the immediate failure of the
section, but reduces the stiffness of the section causing collapsc at a

lower load than if this problem was not present. The section will

32 -



continue to carry higher loads in cxcess of the first local buckling, this
cffect is called the post buckling strength. It can be utilized in the

design of cold formed sections.

Diagram 3.2: Showing failure of sections duc to web crushing,

This is caused by the reactions of the supports and concentrated
loads on a section used as a beam. These forces cause local stresses on the

wéb which lead to failure.

33
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As the torsional rigidity of an open secction is proportional to the
cube of its thickness, cold formed scctions have very littlc torsional

rigidity. These section may twist when subject to deflection. Therefore in

34



many scctions where the centroid of the section and its shcar center do

not coincide, torsional-flexural buckling is a critical factor in failure.

1,4 ral klin

This may occur when bending is taking place about the major

axis of the profile cross-section when subject to deflection. Again this is

a critical factor if sufficient bracing against this is not provided.
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WOR NIN

In designing cold formed scctions the working hardening taken
place should be accounted for if the mecthod of fabrication used is to be
cold roll forming, There are certain conditions which apply when this
can be taken into account. In the present method of practical designing
the is totally ignored. This means that some designs are inefficient

failing in this objective of optimum design.

In the designing of sections the importance of stiffeners is
sometimes not understood. This is because the designer cannot tell, when
a profile is stiffened, if that stiffening will result in the improvement of
the load carrying capacity. The use of stiffeners is to counter the effects
of local buckling. Therefore it is very important to know when to use

stiffeners for the optimal design of the profile.

3.4 BACKGROUND
Rescarch into optimal design of cold formed section has taken

place since 1968, after the publication of the A.LS.I. specification for the

design of cold formed steel structural members, 1968 edition. All the

37



techniques that have been developed have had limited use.

The work done by Seaburg and Salmon’ involved two similar
techniques to determine the minimum thickness for the section known
as the 'hat-shaped'. Although the techniques were designed to conform
with the requirements of the 1968 Specification. They failed take into
account the critical factors of torsional-flexural buckling, and the
effects of work hardening on these sections. These two factors are very

important in the design of economic sections.

Changes in the design like the addition of stiffeners and lips
could not be catered for immediately. A new program had to be written
for every section and type of loading. Therefore the results were

painstakingly slow but competitive designs were established.

Another optimising technique was developed by R. Doutyg, this
being the technique of Parametric Bandwidth Constriction. The process
of Parametric Bandwith Conslrliclion is based on a man-machine
relationship, wherc the man dectecrmines from experience two or three

main criteria which may have the optimising effcct.

Although the process obtains a design which is competitive but
not certain if the design is the optimum. The technique is based on the
1968 Specification and the programs have to be individually written for

each case. Changes in the design cannot be easily incorporated and
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hence this method is a lengthy process. Also when a designer is working

in a new design, the factors which arc selected may not be applicable.

A series of programs were developed by Station d'Etudes et de
Recherches pour la Construction Metallique (SERCOM)g. to optimise the
dimensions of a cold formed section. The programs can be applied to a
varicty of sections but is limited by the memory of the computers used.
The actual techniques used in the programs have not been reported

hence the method used is not known.

The programs are restricted to shapes having only a limited
number of stiffeners and corners. Only one type of loading condition is
considered, therefore the shapes are only optimal for that particular

type of loading. In the calculations of the properties of only the flat

parts are considered.

MP LD ION.

The design technology of cold formed sections is relatively new.
Research work on cold rolled sections has been an on-going process,
this work has mainly been on the computer aided design and
manufacture of form rolls. As a conscquence of this work it was found
that more complex shapes could be produced and the methods for

designing the profile needed to be updated to the same extent.
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The basic problem of ecconomic design is to try and achieve the
least expensive section which satisfies all the design requirements (i.e.
its condition of service). One of the ways in which this can be
accomplished is by designing the profile outline for maximum
efficiency. In cold rolling this can be done because of the almost
unlimited shape that can be made. Major projects were completed by
both M.Sc. and final year B.Sc. students in an attempt to obtain economic
design of cold rolled sections!3:14, The use of computer aided design has
helped in enabling designs to be produced quickly but as yet they cannot

be considered as optimal,

The system which is currently in use is where the computer
executes the tasks of reading and interpreting section data to determine
basic properties of that section (such as moment of inertia) and

analyzing the profile over limited loading cases.

This technique is found to be inadequate as the information
entered about thc section can hol be easily verified. The methods
employed do not take into account many of the complex features of the
design problem. This is left to the designer. As the designers are
uncertain about the analysis, large safety factors are employed to make

sure the design is satisfactory.

The loading cases which are considered, are not sufficient for the

increasing use of these sections in different applications. Although most

40



of the standard loading conditions are analysed, it is difficult to
determine the behavior of the section when designed for a specific type
of loading. In some cases the designers know through expericnce that
the addition of stiffeners can improve the profile but the analysis using

the present system does not show this.
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CHAIPTIER 4

SECTION

PROPERTIES
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4.1 INTRODUCTION

The technique used for determining section properties was found
to be inadequate as the information entered about the section could not
be verified. One of the prime and quick methods of verifying if the data
entered is correct is by illustrating the profile on screen. Secondly, the
type of data entered to the system had to be more specific to facilitate
decision support. The additional requirements of the computer were
found to be difficult to facilitate using the present system. A completely
new method has been devised to enable the computer to have this

facility.

42 NEW METHOD
421 Daa Representation

Before the computer can calculate the scction properties of the
profile, it must 'understand' the information presented to it. This is done
when information is entered into the computer in terms of numerical
data, representing linear and circular elements of  the profile. These
lincar and circular elements are interpreted as a continuous connecting

chain of clements, starting at onc end of the profile, and terminating at
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the other.

Elcment No. Type Length/Radius(mm) Angle
1 1 10 0
2 2 3 90.0

TABLE 4.1: Example of data prescntation

Table 4.1 shows how the information is entered to the computer.
Element 1 is a linecar element (type 1) of length 10 millimeters. Element 2
is a circular element (type 2) with an internal radius of 3 millimeters
and a bend of 90 degrees clockwise (a negative sign before the 90.0

constitutes an anti-clockwise bend). Element 2 is attached to the end of

element 1 as shown in diagram 4.1.

10mm
Element 2
. N
(]
i. Element 1
1

Origin

t - Thickness of material

iagr 4.1 : Showin w_profile i il
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4 in |

The method for calculating properties of thin walled sections is
determined by considering the material to be concentrated along the
centerline of the profile. The arca clements are considered as if replaced
by straight or circular " line elements "10 The thickness dimension is
introduced after the linear computations have been completed. Although
there is some error in the calculations using this approach, it is very
small and the values, of section properties obtained, are, if anything,
slightly conservative. The use of this method is justified by the fact that
these scctions arc thin, hence very close to line elements, as well as the

tcchnique being quick and easy to implement.

2
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From diagram 4.3 thc linc propertics are given by :

I, =L3 4 cose /12 4t
12= L3 *« sin2m'12 L
I,,=L3 4 cos @ «sin @ «1/12

I3=[L«a? + L3 ,cos?e /12] 4t

Where
I,1,,1I5 - are the area moment of inertia about the 1-1, 2-2,
3-3 axis respectively.
I - is the product of inertia at point of intersection of
1-1 axis and 2-2 axis.
3 P 1
'
I
'\
)
. Center of gravity of clement
l" L
I
I
2 ’ 2
X 7 |
I
I
) e
1 'f
T e
f"
@ ,d'-
2 _h
N B\
\ A 4
< Cl B
3 1

Figure 4.3 : A curved element length L, radius ¢
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In diagram 4.4 given that @ is expressed in radians, L = ( Eiz- ﬁl) T on

( sin @,- sin @) ( cos @~ cos @,)

C=r« ; and G=r«
(8,5-8¢) (B,-64)

The line propertics are given by :

(Py-9, + sin @, 4 cos @, - sin g xcos B;)  (sin @,- sin ﬁl)2

11:{ = ]#IS*t
2 (B,
(By-84 - sin @, « cos Bq + sin B 1% COs B,) ( cos @4~ cos 62)2
L={ > Jur ot
2
2 (9,-98y)
(sin2 @, - sin? @)  (sin @,- sin ;) « ( cos P,- cos @)
112= { + }*13*'.
2 (8,-01)
(By- By + sin B, &« COS B, - sin @« cos By)
I3={ ]tl3akl
2
(@y- B - sin @, « cos B, + sin B4 cos @)
I4=[ }*IS*[
2
( sin2 B - sin2 B1) 3
Ly ={ Jar st
H 2
Where
I, 12, 13, 14 - Area moment of inertias. Iys, 134 - Product of inecrtias.
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4 1 i

The computer interprets the section data into an internal two
dimensional coordinate system. The starting position of the profile is
taken as the origin and the position of the start and finish points of each
element arc computed relative to this. The centroid of each element is
initially determined from equations of line properties. The relative

position of each centroid is calculated and stored in memory.

For straight elements the relative position of its centroid is easily
determined. But for the circular elements careful interpretation has to
considered. In cach of these cases the problem is to determine the
relative position of the centre of curvature for the circular element.
Then the equations provided for circular elements are used to determine
the relative position of the centroid of the circular element. In the
co-ordinate system wused for this interpretation clockwise input of the
circular element is given as a positive angle (figure 4.6-a) and

anti-clockwise is given as negative (figure 4.6-b).

To illustrate how the calculations arc carried out to determine the
right interpretation consider the figures 4.6-a and 4.6-b. Let ¢ ( -ve in

both figurcs) be the start angle for the flat element from the origin [0,0]

in radians, and the length of the flat element be Ly mm.
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For the flat element :-

the end position [a,b] of the flat element is given by :-
a=L; *cosg;
b= Ll *sing.

Then the centroid of the flat element from the origin is given by

o= [a/2,b/2].

For circular element, let :-
the radius be R mm. ;
the angle be B radians;
Then
X=R*sing;

Y=R*cosg;

CI = (sin (p+B) - sing) * R / B ;
Cp = (cos ¢ - cos (8+8) ) * R / B.

Then the length of circular element L, , equals " the positive value of the

cxpression :- R*B.
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igure 4.4 : 1lustrating  fl - itiv ircular lin lements

If B is positive:

The end position [c,d] of the circular clement relative to
position[a,b] , the start of circular element is given by the

following equations :-
¢ = R * ( sin (gp+B) - sin @) ;
d=R * (cos g - cos (g+B) ).

The centroid [cx,cy] of the element relative to [a,b] is given by :
cx=Cy-X;

cy=Y-Cy.
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Figure 4.5: Illustrating flat _and (B-negative) circular linec clements

If B is negative :-

The end position [c,d] of the circular element rclative to
position [a,b], the start of circular element, is given by the
equations:-

c=R ¥ (sin g - sin (g+B) ) ;

d=R * (cos (g+8) - cos ¢ ).
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The centroid [cx,cy] of the element relative to [a,b] is given by :

cx=X-Cy ;

cy=Cy-Y.

Once the rclative position of the clements to the origin has been
worked out then, the centroid of the section is worked out by taking first

moments of each element about the origin (eqn. 1).
i.e.

(aj_p * Xj_p + 3 * X¢j)

(aj) + ag)

aj = 8j_; + a4
Bei Length of the i th clement.

Xei Position of the centroid of element i relative to the origin,

: Position of the centroid of profile (so far having i
elements) relative to the origin.

a; Sum length of profile outline with i clements
aj_1 Sum length of profile outline with i-1 elements

x;.; Position of the centroid of profile (so far having i-1

elements) relative to the origin.
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By translating this coordinate system on to the screen of the
computer terminal, and scaling the profile shape to fit, the outline
diagram of thc profile can be sketched. Once the centroid of the profile
has been established , the arca moment of inertias of each clement about
both x and y imaginary axis through the centroid of the profile, arc
calculated. This is done by using the cquations of flat and circular line

clement properties in conjunction with the parallel axis theorem!5.

The equations from the line elements give the' individual area
moment of inertias for the flat and circular elements about each
centroid of ecach clement. Using the parallel axis theorem, the area
moment of inertia of each of the elements is determined about the
centroid and then added together to give the area moment of inertia of

the whole profile. Similarly the product of inertia is calculated.

4 D ]

Dummy elements are flat clements which are considered
ineffective in the calculation of the section properties. There are two
types of dummy eclements, the first type is rcpresentative of hole or slits
in the profile to reduce the weight of the profile. This type is shown in
the profile sketch as a gap between two elements and is introduced to the
system as data. The second type is an ineffective element, which is
considered as such because of local buckling (chapter 3). The ineffective

elements arec determined by the system using Artificial Intelligence

$3



conccpts.

The dummy clements are trcated as not existing when calculating
the centroid, the areca moment of inertias and the product of inertia, but
arc taken into account for the calculation of the cross-section area of the

profile for the purpose of optimization.
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3.1 INTRODUCTION

The loading conditions of the original computer pmgram13
which were analysed were limited to specific set conditions. The problem
with this limitation is that should a profile be rlcquircd for a particular
type of loading which the set cases do not cover, then it would be very
difficult to determine if the designed profile is suitable for that use.
Beams can be subjected to a large variation of loading and can have more
than two supports. As such limitations sct by sclected cases can lead to

inefficient designs,

In order to overcome this difficulty threc types of beam loading

design were introduced to the new " Expert design system. This new
computerized analysis was developed to enable the designer using the
system to check a designed section to specified becam loading. The loading

being specified by the designer. A
These types are :-

(1) Simply supported beams with any number of point

loads and any number of uniform distributive
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loads.

(2) Continuous beams with any number of supports,
point loads, and uniform distributive loads where
the uniform distributive loads completely cover
individual spans. Uniform distributive loads
partially covering spans cannot bc analysed using

this technique.

(3) Continuous beams with any number of supports,
point loads, and uniform distributive loads. This
technique can approximately analyse uniform

distributive loads which partially cover spans.

The difference between each of these techniques is the method

for determining the reactions.

IMPLY RTE AM

The rcactions at the supports are determined using the normal
cquations of static equilibrium. The main problem was to get the
computer to correctly idemify. the effect of the loading on the beam and
obtain the correct rcactions. The effect of point loads are casily

identified from information presented to the computer. The cffect of
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uniform distributive loads requirc some interpretation.

In the analysis the technique used to interpret thc moment cffect
about a position when dealing with uniform distributive loads is similar
to the one used in macaulay's method!®, In this case the position is

where the support is placed.

Consider a partial uniform distributive load of U newtons per
metre starting at distance a and ending at distance b with a support at

distance r. Taking moments about the support.
Whena<rand b<r (sce diagram 5.1)

The effect of this uniform distributive load is interpreted
as if the wuniform distribution was from a to r and a reverse
compensating load is applied of the same value starting at b and cnding
at r.

ie, :-
Moment effect of uniform distributive load from left hand

side of support

= Ulfra] 2/2 - U.[r-b] 2/2
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- - - =

howin ial uniform distributive load
at_the left of support in the actual loading

Showing the computer inferpretation of

the loading using the compensation

method,
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]

el it et sl ettt

iggram : Top: Showing a partial uniform distributive load
at the right of support in the gactual loading
condition,
Bottom: Showing the computler interpretation of
] in in h nsali
method,
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Whena>rand b>r (diagram 5.2)

The effect of this uniform distributive load is interpreted
as if the uniform distribution was from r to b and a
reverse compensating load is applicd of thc same value

starting at r and ending at a.

ie, :-
Moment effect of wuniform distributive load from
right hand side of support
= U.lb-r] 22 - U.la-1] 2/2
Whena<rand b>r (diagram 5.3)

The effect of this uniform distributive load is interpreted
as if the uniform distribution was from a to r and r to b.
e, =

Moment effect of wuniform distributive load from

left hand side of support
= U.lra] %2

Moment e¢ffect of uniform distributive load from

right hand side of support
= U.[b-1] %/2
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LR R e Tl R P R Tl st B R

Diagram 5.3 : Showing a partial wuniform _distributive 1load across
support, no compensation required,

Diagram 5.4 shows a simply supported beam with a n point loads
and m uniform distributive loads, which are placed along the becam.
Using the equations of static equilibrium, the reaction at the second
support can be dctermined by laking moments about the first support,
and the reaction at the first support can be dctermined by taking
moments about the second support. This requires the computer to know

the moment effect of each individual type of load.

62



Diagram 5.4 : A Simple Beam With Complex Loading.

Where,

R 1, Ry - Reactions at the supports at distance 1, Ip
respectively from A.

F; - Force of ith point load at distancc f; from A.

U; - Force per metre of ith uniform distributive load

staring at distancc a; and ending at distance b; from A.
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Consider taking moments about the first support at ry from A.

From equilibrium the sum of moments on the left hand side of

support equals the sum of moments on the right hand side of the support.

i.e,
i=12n Fp.lry- ] + jzlzm U;.[rg - a_l] 2[2 - k=12m U;.[rg - b] 22
= i_—_]):n Fi.[fi - l'll - jzlﬁm Ui.[aj = rl] 2[2 +

k=120 Uslby - 11122 -Routp - 1)) cervveennsesssenssssnen (5.1)

Provided the term in the square brackets are only applied if they

are positive when evaluated.

To explain this consider the term :-

j=12" Fylry - §]

This term means :-
Fl.[rl o I‘I] + Fz.[l’l = fz] + F3[r1 - f3] + ... + Fn.[rl - fl’l]

If only f; and f; are each less than r; (i.c. [ry - 1] and [r; - 5]

arc positive ) then the result would be cvaluated as :-

Fl'[rl = fl] + Fz.[rl - fz]
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Rearranging equation 5.1, the reaction on the sccond support , Ry

is given by :

(r2-m) . { _ZPFG -] - 2 Uplay -] 2n 4

k=1 Z0 Uplbg - 1122 - o ZPFlry - 6] -
j=12‘“ Uj.lry - g 2R+ o™ Uplrg - by n }
Similar the reaction on the- first support , Ry is given by :

(1/( rl - 1'2)) i { i-"—'lzn Fi'[fi - 1'2] - j=12m Ui.[aj - 1'2] 2f2 +

ko1 2P ULlby -l 22 - X" Filn -l -

=120 Uil -2 22+ o Z7 Upley - byl 22 }
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3 CONTI EAM

In continuous beams it is not possible to directly detcrmine the
reactions by normal equations of static equilibrium since therc are too
many unknowns. Clapeyron's three-momcnl. equation is a rclationship
between the bending moments at the supports which is derived from an

extension of Morh's area-momemt mcthodm.

A A A
 d —P" >
Ly Ly
Rl Rz R3

- ' B.M. diagram :
1 1 1
] 1 1
1 I ]
'l o) : i
] 1 1
1 ] 1
[} [} ]
] 1
1 1
L i
] ] ]
1 ] ]
1 [} 1
1 I ]
1 1 i
] 1 1
Diagram 5.5: Continuous beam over three supports showing "free”

momen iggrams
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Consider the beam shown in diagram 5.5, thc arcas Ay and Ay arc
the "free" bending moments diagrams, trea.ting the beam as simply

supported over two scparate spans Ly and L,. The bending moments at

the three supports will have some values M;, M; and Mj (in general

these moments will not be zero as the diagram suggests). If the beam is

uniform and the supports are on the same level, then Clapeyron's three

moment equation is as given below :-

- MlLl - 2M2 { Ll + L2 ) - M3L2 =6 [(AIXI/ Ll) + (AzXz/ Lz) ) 5.2)
By using this equation repeatedly across a continuous becam we

can dectermine the moment at each of the supports, and conscquently

their reactions.

2.3.2 Evaluation of 6Ax/L

There are two types of standard loading where the evaluation of

6Ax/L can be done by simple equationsm.

These are:-

(1) Concentrated loads (diagram 5.6)
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Where,

6Ax/L = Na (L2 " a2)/L

& B.M. diagram
% N
=3 Nab

> L
A
Y
Diagram 5.6: Showing a point load N on a single _span__and its "frec
ment” iagram
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(2) Uniform distributive loads across whole span(diagram 5.7)

Where,

6Ax/L = UL3/4

i N

Diagram 5.7: Showing a uniform distributive load U across a whole

span _and its "free moment" diagram,

In determining the value of 6Ax/L for a partial uniform
distributive load on a span, it is no longer possible to use simple
equations. An approximatc method has been developed based on the fact

that thc span is considered, a simple beam, for this evaluation.
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Consider diagram 5.8, where, Ry and Ry arc the reaction values

duc to the partial uniform distributive load when the span is considered

a simple beam on two supports.

Then Ry=1U (e+b) (e-b)/2L

and R; = U (e-b) {1 - (e+b)/2L}

B.M. diagram
Lo
e
Lln—.'l bt

Diagram 5.8: Showing a uniform distributive load U partially across a

n_and its "fr moment" _diagram
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Using Macauly's method, the bending moment, M at x is given

by:-

M= Ryx - Ux-b]%2 + Ufx-e]?
Where the terms in the square brackets only apply when positive.

The value of Ax can be approximated by dividing the span into n
equal parts. Then taking the moment of n partial strips ML/n as x is

incremented by 1 from 1/2 to (n-1/2). The algebraic sum of these

moments gives an approximate value of Ax,

i.e. Ax = y1p 2":(“_1"2) xML/n.
therefore,

6Ax/L. = 6/n x=Uzz‘lx=(n-1/2) %A

If a multiple variation of all 3 are being applied on a span, the
individual values of each 6Ax/L. of each load is determined. The resultant

values of 6Ax/L is the algebraic sum of each individual.

In order to determinc if the approximate technique is required,

production rules (see chapter 6) are used.
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A
o
=]

Y

Diagram 5.9: Tllustrating A continuous Beam Of Length L, With k

r i To m_Point Lo And n niform
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Consider diagram 5.9, and consider the span between supports i,
and i+l, which are at distances r;, and r;,, from end A of the beam

respectively. Then iterating from j=1 to n, the number of uniform
distributive loads. The following rules are applied telling the computer

which technique, or equation to use.

IF (bj> r; and bj< ,1) OR (Cj> r; and Cj< ri+1)

THEN use the approximate method.
ELSE IF (bj<= r; and e>=r +1)

THEN use equation

ELSE goto next uniform distributive load.

ination of men

Consider diagram 5.9, with k supports, then k-2 Clapeyron's

cquations can be obtained with k unknown moments. The first and last

moments My and My can be obtained by taking moments about the first

and last support respectively. (i.e, M; can be obtained by taking

moments from end A to the position of the first support, about the first

support.)
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Representing Clapeyron's equation as follows

a; 1M + aj oMy + ay gM3 = aj 441

where a1,1» 21,2» 31,3 3] p4+1> ar€ constants.

The whole set can be

31’1M1 +

31,2M2 +

an ’2M2 <+

apn.g n2Mpo +

As M; and M, are known the equations can be regarded as:-

Bl2 #13
22 %3
43,3

M,
a4 M3
ag 4 235 . My
4n-2,n-2 an—2,n-l_J n M

written as :-

a1 3M3

ay 3M3 + ap 4My

ag gMg + ag 4My + a3 sMg
an2n-1Mp.1 + apn.2 nMp

74

= a1 n+1
= 2 n+l

= a3 n+1

= 3.2 n+1

a1 n+1
a2 n+1

43 n+1

an.2,n+1



Where a1 n+l and a;_ 9 .1 are new constants. Using the Gauss

T

climination technique!? adopted for these cquations and repeating the

process below on ecach row consecutively.

where the new aj4,1 = 33341 - 3§ 3-1,i+1/ d-1,i
and the new 3insl = A,n+l - aj 3i_1’n+1! 3.1,
and the new a;: = 0

i1

We obtain the following

ayo2 21,3 ) i i M, a1 n+l T
a3 a4 ) ) M3 a2 n+1
a3 4 335 | . My | = | a3 41
ap-2,n-1{ {Mn-1 a2 n+1
L. JL 4 L. X
From which Mp.1 = an-2,n+1/ 4h-2,n-1

and by back tracking from i=n-3 to 1, using

Miy1 = (@ ne1 - M350 7 34 i41

the other moments can be obtained.
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4 rminati f R i

The Reactions can be obtained by taking moments about supports

2 to k respectively. Consider the diagram 5.9, taking moments about the

second support

My = Ry(rp-rp) - j=1 27 Tilry - ;]
- =2 Uil - y1P2 4 BN Ul - ) %2

Provided the term in the square brackets arc only applicd if they

arc positive when evaluated.

Therefore,
Rl = { Mz + izlzm Ti.[ r2 = fi ] + i=1zn Ui.[rz - b1]212

- =120 Ul - ] 22 M rperp)

and subsequently,
Ry = {Mg + ;o1 Z@Tylrg-f] + 2" Uplrs-b;1%2

- 212" Uplrg - 61 %2 - Ry(rgery) M(r3-1p)
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i.e,
Rj = [ MJ + i=lzm Ti‘[ l‘j -fi]
+ i=121‘l Ui.[rj - bi]2/2

- i=lzn Ui.[rj - Ci] 2/2

- i=12j'2Ri(rj-ri) } Mrjerjoq)

where j changes from j=2 to j=k-1.

The reaction at k is determined by taking moments about support

k-1, from the end away from A.

4 AR STR NDING MOMENT, A DEFLECTION

In order to check the profile being designed, the shear stress,
bending moment, and deflection have to be determined. The loading of
the beam is variable, conscquently the maximum valucs cannot be

resolved easily.

Using Macaulay's method, it is possible to obtain the shcar stress, S;

bending moment, BM; and deflection, d; at a distance, x from end A.
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8 = (WAY). (i X" Tiplx-H1Ax-H)+ ;13" Uplx-by]
- izlzm Ri-[x "ri]/(x'fi) = i=lszi'[x'°i] ]
BM = o X"Tp[x-f] + i=12" Up[x - b;1%/2
: =12 Rplx-nl - 12" Uplx - ¢1%/2
d = (UIE). (= 2™ T;[x - 51%6 + 212" Uplx - b]4/24
- i:]zm Ri-[ X -r ]3/6 = i=12" Ui.[x - 61]4/24
Where:-

the terms in the square brackets arc only applied if they arc

positive when evaluated.

A, is the cross-sectional area of the profile being considered.

C, and C, constants evaluated for different spans.

I is the arca moment of incrtia of the profilc about the
bending axis.

E is Youngs' modulas.
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By varying the value of x across the beam the maximum values can

be obtained for each.

The constants C; and C, are determined by considering two

consccutive supports. The deflection at the supports is zero. By taking x
to be at the same distance as cach support, two simultancous ecquation arc
obtained. The solution of the simultancous cquation resolves the values

for the constants.

Cir, + C = - 1™ Tilr,-51%6 - ;.13 Uplr, - ;1424

+ izlzm Ri'[ ra o ri ]3/6 + i=lzn Ui.[l'a = Ci]4/24 ....(an. 5.3)

Cip, + G = - i=lzmTi'[rb'fi]3/6 < i=1ZnUi-[rb-bi]4/24

+ i=1Zm l:{i‘[ 5 O | ]3/6 ok i=1211 U;.ry - ci]4/24 ....(eqn. 5.3)

Where 1y =1, 4 1)

Then subtracting equation (5.4) from (5.3) and dividing by (ry - rp)
will give the value of C;. Then by substituting C;, into equation 5.3, C,
can bc obtained. The constants are evaluated for cach span, where r, and

r, arc the supports for that span.
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That is when cvaluating the deflection at x then :-

If X < 1 then I, = 1
If 5 < X < 1 then I, = 1
If X > rk thcﬂ ra = rk_l
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CHAPTER 6

DECISION

SUPPOIRT
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6.1 INTRODUCTION

The general idea of wusing computers is to help man
perform tasks that are manually inefficicnt, undesirable or even
impossible. Certain qualitics of computers arec difficult to match with
human effort. Therefore in genecral, computers can play a very useful
role, especially in areas where human handling has failed to work

satisfactorily.

One such arca where human handling has failed to work
satisfactorily is the designing of cold formed scctions. When
investigating the existing method of designing cold formed section it
was found that large safety factors were being employed, which is
counteractive to the objective of optimum design. This was a
consequence of using quick inaccurate methods of checking a designed

profile with the loading.

Although the precise methods could be employed with the
usc of British Slandardsls, these methods are lengthy, involving a lot of
calculations, and still require expertise in their use, particularly for
optimum design. Even when an expert is employed, the time f{rom
concept to actual design may take up to two years, making such mcthods

impractical.
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As a result an investigation was carried out on the use of these
standards in combination with the Computer Aided Design system
presently being employed. This resulted in the introduction of Artificial
Intelligence concepts within a Computer Aided Design system to provide
advice, inference and direction to the designer to try and achieve

optimum design.

Artificial Intelligence is concerned with the designing of
intelligent computer systems, that is,. systems that exhibit the
characteristics associated with human behaviour. The objective of this
research is to design an intelligent computcr aided design sysicm which
caters for the freedom of design as well as leading to possible optimum
solutions1?. As a consequence only certain characteristics of Artificial
Intelligence were employed, leaving some dccision making to the

designer.

One of the main human characteristics is making dccisions based
on the result of certain comparisons. This concept has been captured
within this Decision Support System for the design of cold formed
sections by the usc of production rules. The British and European

Standards for the decsign of cold formed section, after carcful study, can
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be used for this type of decision making. The advice in terms of
recommendations, restrictions and optimal considcrations have been
determined by using the British and European Standards as a Knowlecdge
Base to the system. This has the added benefits of making surc the

designer is designing to the code of practice.

A new  heuristic tcchnique has been adopted based on
information derived from the standards which directs the designer in
the correct scquence of steps to try and achieve optimal designs. This
direction is detcrmined by a comparison of data and the result of
specifics calculations carried out using cquations specified by the

standards.

Certain algorithms were developed to get the correct analysis on
the design, as well as interpreting the information it is given correctly.
The designer is given advice which directs the decsigner towards the full
utilization of the profile strength, and consequently an optimal design.
The freedom of design is not sacrificed as the designer is given options at
various stages of the design and not take the path which leads to full

utilization. Even in such cases the code of practice is still followed.
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PR NR

A production rule is a situation action 00up1020, mcaning that
when a certain situation is encountered, given as the lcft side of the
rule, the action on the right is performed; very often the action is the
taking of some dccision, but this need not always be the case. There is no

prior constraint on the form of the situation or of the action.

Most decisions in enginecring are based on a comparison of data
and results from calculation of .cquations. As a conscquence production
rules are found to be best suited for this type of system, where the data is
compared with information from the standards. This information may be
the result obtained from an equation given by the standards. The
resultant action is performed ecither as directed by the standards or the

heuristic method developed, based on their use.

To show how these rules are used to make decisions or actions,
consider the method used to dectermine the design stress for cold formed
sections. The British "Standards give the following information in

determining the dcsign stress :-

The design stress Py , should be taken as 0.95*Y , but should not
be greater than 0.78*Ug

where, Y is the maximum yicld strength, and Ug is the ultimate

tensile strength.
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This is determined by the system using production rules that is,.
IF.THEN.. or IF.THEN.ELSE type rules. Y and Ug are entered into the
system. The system allocates two variables to the possible design stress,

dl and d2 , that is,

dj=078* Ug , dy= 0.95%Y

The design stress is then determined as follows :-

IF  di<=d, THEN Pyi=d; ELSE Py:i=d,
rule Decision performed Deccision performed
if rule true. if rule false.

Using these production rules the different concepts of Artificial

Intelligence are introduced into the system.

6.4. ADVICE
The given is based around the method of design using the

computer aided design system which performs repetitive and technical

calculations. There are three distinctive ways in which the advice is
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given to the designer:-

1) The advice is given directly from the British Standards.
2) = The advice is given as a result of information provided.
3) The advice is given when certain features of the design

are inconsistent.

6.4.1. Di \dvi

This type of advice is straight forward to implement and docs not

require the use of production rules.

eg.,

Before the design stress is determined for the profile the
designer is asked to give the yield stress and the Ultimate tensile stress.
The code of practice gives the following information concerning the

yield stress :-

If the yield stress is unclassified the value of yicld stress

should be given as ;

1) 210 N/mm? for hot rolled structural quality

2) 185 N/mm?Z for others.
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This information is provided to the designer when requested to

enter the yield stress.
6.4.2, Conditional Advice

To show how the second type of advice is implemented, consider

the restrictions on the flat widths on compressive and tensile clements,

given by the British Standards.

Given the following information :-

Thickness of profile, t

2. The design stress, P’y

3s The depth of web, W

4. The percentage of curling, C

When considering the limitations due to curling, the maximum

flat-widths for flanges disregarding intermediate stiffencrs in tension

and compression are :-

: DA For element/flange connected to wecbs along both

edges, the maximum Iength of element is given by

24Wy.
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2, For element/flange connected to a wcb along one

edge, the maximum length of clement is given by

Wf.

Where

W = (148004t W/Py)1/24(C)1/4

This type of advice is based on variable factors, which may
change due to other factors which are given at a later stage. Information
and rccommendations are based on how these changes will cffect the
optimal capacity of the profile under consideration. Production rules are

important in determining if new factors will effect the changes.
The design stress is initially determined using the method alrcady

illustrated. When the profile is subjected to beam loading then the design

strcss may be affected by the size of the web.
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The British Standards state that the compressive stress on the

profile should not exceed the value P, given by thc following ecxpression

ie, =

P, = { 1.13 - (0.00194D4(Y/280)1/2 / 1)} & P, <= Py ....(cqn. 6.1)

y e

Where,
D is the web depth

t is the section thickness

Y is the material yicld stress

Py is the design stress

The advice given is based on the value of the depth of the web. In

order to determine when equation 6.1 is valid, the limiting value of the

depth of web, D; is requirced. Dy is determined by equation 6.2, which is

given by assuming that P, = Py.

D = 1344(280/ Y2/ 0.19 corcvveeceerieccrreenes (cqn. 6.2)

¢
After the designer has given the héght of the web which he

wishes to use. This value is compared to Dy with the usc of production

rules. If the height of the web is larger than Dj, the designer is
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informed that the height of the web which he wishes to usc is too large
to be fully effective. He is recommended that if he still wishes to use the
same height, a web stiffener would give a morc cffective web, otherwise

the design stress will be reduced in accordance to cquation 6.1.

The recommendation for using a stiffener is derived from the
British Standards which provide a second equation, when an web
stiffencr is uscd. Provided the stiffener satisfies the requircments of

minimum moment of inertia, the new equation is given as :-

Pg = (113 - 0.00194D¢x( Y(/280)1/2/1)) « Py <= Py .....(cqn. 6.3)
Where D, is the larger of the values given by
Pe=D, sl (eqn. 6.4)
D D 0 N T ——. (eqn. 6.5)

and Dz is the distance from the center line of the stiffener to the

tensile edge.

Should the designer use a web stiffencr as rccommended then the

designer is given advice on the optimal position of the stiffencr on the

web. This is derived from minimising the valuc D,. This minimum value,

D is obtained by equating cquations 6.4 and 6.5. (i.c, Dy ;, = 4D/5)

min
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The designer is then requested to provide the distance from the
center line of the stiffencr to the tensile edge, so that the design stress

can be determined.

Alternatively if the designer chooses not to use a stiffener, he is
requested to rc-enter the web height. This gives the option to the
designer to ecither restrict the web height to the maximum effective
height. Equation 6.1 is used to determine the new design stress if the

height entered is still greater than the maximum effective height.

NATION OF WIDTH

Artificial Intelligence concepts are also used in dectermining the
section properties of a profile in accordance with the standards. In this
case production rules used to determine if editing facilities are rcquired,

that is, if effective widths have to be taken.

The method of determining section propertics requires the usc of
effective widths particularly when local buckling is likely to take place.
Local buckling occurs on the compressive clements and cffective widths
are a method by which the area of the compressive clement can be
reduced for the purpose of calculating the moment of inertia. This is to
give an accurate picture of the carrying capacity of the profile under

loading. For the purpose of determining the effectiveness of
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compressive elements they are classified into two types:-

1. Intermediate compressive clements, where the eclement is
attached at both end ecither by web clements at each end,
or by a web element at one end and a stiffecner clement at

the other.

2 Edge compressive clement, which is attached to a web
element or stiffener element at one end, and no eclement at

the other.

The kind of local buckling dcpends on the type of compressive
clement used. The edge compressive elements are not very resistant to
local buckling, and in all cases effective widths have to be taken.
Whercas the type and extent of local buckling on intcrmediate
compressive eclements depends on the thickness and width of ecach

compressive element, and the actual stress acting on each one.

Production rules are wused to determine if an intermediate
compressive element is fully ecffective or if effective widths have to be
taken. Initially the limiting casc is established using the dcsign stress, in
the equations provided by the British Standards. This is also given as
information to the designer as the maximum fully ecffective compressive

width at the design stress, prior to entering the data of the profile.
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After the profile data has been entered, all the compressive
clements arc checked for ecffectiveness at the design stress. If an edge
compressive clement is found, by being either the first entry or the last

entry in the data, effective widths for that eclement will have to be taken
on that element., The effective width, bc for that element is determined

and substituted in with a dummy element, reconstructing the whole

length of the edge element (as shown in diagram 6.1a).

Compressive
element.

Compressi
clement -
_J o
Diagram 6.1; Showing the profile d h
f th ign pr
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Where,
b, - effective length of edge compressive clement

b - cffective length of intermediatec compressive eclement

When intermediate compressive eclements, are found incffective
by the production rules, their effective length, b is dctermined.
Substitution is carried out by splitting b into two halves with a dummy
clement in the middle, reconstructing the whole length of the

intermediate compressive clement (as shown in diagram 6.1b).

The effectiveness of elements have to be determined at the actual
stress on compressive clements at failure, rather than at the ﬁcsign
stress. A method was developed to determine the actual stress on the
compressive elements at failure, and hence obtain the true ecffectiveness
of the compressive elements. From recognising the profile and
determining the neutral axis, it can be decided whether the failure is at
the tensile part of the profile or at the compressive part. If the failure is

at the compressive end, the data does not nced to be changed again.

But if the failure is at the tensile end, the actual stress at the
compressive end has to be determined. This stress is obviously lower and
the cffective widths for the profile have to be determined again. Once
the re-cdited profile has been re-analysed, the actual stress at the

compressive end will be at lower value. This change is due to the
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increcase in arca on the compressive side due to more of the compressive
elements being effective. The process is then repeated again until the
change in the value of the ecffective widths when calculated is

negligible.

When having to use effective widths, the whole profile is not
being utilized to its maximum capacity. This cannot therefore be an
optimum design. If large compressive elements are required then the
use of stiffeners would be more appropriate then taking effective

Q4
widths.

The objective of the system is to try and maximise the usc of the
material for its structural requirements. As such, when effective widths
are required, the objective is not achicved. So as a simple alternative,
which makes a slight to the design, the usc of stiffeners makes for a
more effective profile. Stiffeners break up the formation of local
buckling and as a conscquence enable the profile to carry a greater load.
So in keeping with the objective, whenever the system encounters in

cffective elements it advises on the use of stiffencrs.

The advice on stiffeners is given by the system as if the designer

is consulting an expert. The advice given by the system is rclated to the
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type of stiffener being required.

Therc arc two types of stiffeners :-

1. Edge stiffeners - these are stiffeners such as simple lips,
which are attached to edge compressive elements making

them intermediate compressive clements.

2. intermediate stiffeners - these are bends or troughs
designed in an intermediate compression clement. Any
number can be used provided they satisfy the condition

required for their effectiveness.

Consider the advice on an cdge stiffener. One of the most common
stiffeners for edge compression elements is a simple bent lip. The system
depending on the size of the edge compression clement, that is its length

and thickness, gives the length of the lip required.
Alternatively, should the designer require a different stiffener,
the system will carry out a sequence of steps in conjunction with the

designer. This sequence is as follows :-

1. The system will inform the designer the rcquirements of

the stiffener designer, that is, the minimum moment of
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inertia.

2, The designer is then requested to enter the design of the
stiffencr he requires, in a similar method to the profile

data.

A Dctermination of the moment of inertia for the

designed stiffener.

4. Display of the designed stiffener.

S. The stiffener is then determined by the system to be
either suitable or not. This is donc by comparing the

moment of inertia of the stiffencr to the requirements.

6. If the stiffener is not suitable, the designer is rcquested to

redesign.

This shows the combination of production rules with
mathematical analysis of the stiffener data, combine to make decisions in

a similar manner to an expert in this field.

The designing of inter-stiffeners is done in a similar way, but the

rcquirements are more complex. There is no simple lip which can be

uscd here, and therefore the stiffcners will always have to be designed.
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The method used is as follows :-

1. The system identifies the incffective intermediate

compression elements.

2, The system estimates the number of stiffcners that will be
required, This is done by dividing the Icngth of the
intermediate compression element by twice the maximum
length of a fully effective compression element and
approximating to the nearest high integer. This is the
number of stiffeners that the ‘designer is advice to usec.
Although the designer is given the option to enter

the number being designed.

3. The requircd moment of inertia is determined by the
system, depending on the Iength of the slliffcncr, the
thickness of the profile and the number of stiffeners

being designed.
4, The designer is requested if the stiffeners are identical or
different, so that the system docs not repcat thc same

process, making it laborious.

3, The designer is requested to enter the stiffencer design.
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10.

12.

13.

The system determines the moment of inertia for the
designed stiffener and displays the dcsigned stiffener

givinginformation on its length and depth.

The moment of inertia of the stiffener is then compared to
the requirements by the system and determined to be

suitable or not.

If the stiffener is not suitable, the designer is requested to

redesign.

If scveral stiffecner are being designed and they are not

identical, then steps 5-9 are repeated for each stiffener.

Once all stiffeners for thc intermediate compression
clement are found to be suitable. The whole stiffencd
replacement for the compression element neceds to be
checked for effectiveness. The designer is requested to

enter the whole stiffencd replacement.
The moment of inertia is determine for the designed

replacement, as well as being displayed with information

of its total length and depth.
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14, The effectiveness of the stiffened compression clements is
established by -calculating an equivalent thickness for the
compression clement between two webs or web and

stiffener.

6.7 PROFILE RECOGNITION

For the system to recognise if clements arc ecffective or not, it
must understand the profile data presented to it. One of the features of a
human is the ability to understand what is presented, and make decisions
accordingly. When the human is given a profile to look at, the human
can visualize the profile, determine where the loading is applied and

what part of the profile is in compression.

Similarly, the systems needs to regard the data prescnted to it, so
that it can be "visualized", determining the compression elements from
the tensile elements and web clements. The method used to assist the
system in this recognition is by symbolic representation or more
accurately in this casc, numerical representation. In the declaration of
the data types, the elements are split to five different types, namely as

shown bclow.

101



1. Web clement

2. Compressive element
3. Tensile element

4, Circular element

5. Dummy element

Types 1, 2, and 3 are flat clements. This reclassification makes the
identification and determination of effective widths much casier. Each
time the system encounters a compressive element it can then determine
its effectivencss, and carry out the opcrations as directed by the

designer.

The identification of an edge compressive clement is more
difficult. It is achieved by flagging the computer when it encounters
either the first or the last compressive element as the first or last

element in the profile data.

One of the principal problems in profile recognition is
determining what part of an ineffective profile (that is,. tensile or
compressive) is controlling the failure when used as a beam. This is
required to dctermine the actual stress at failure on the compressive

elements so that their effective widths can be calculated properly.
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The system can decide if profile is effective or not by having a
symbolic representation (that is, a profile type), tclling it what type of
profile data it is analysing. (This is so it can differcntiate bctween
ineffective profiles where the dummy elements arc introduced for
calculations, as compared to profiles where dummy clements represent
slits, or holes.) Once the centroid of the ineffective profilc is resolved,
the maximum and minimum distances from the centroid are dctermined
in vertical, y direction. The information about the type of clements at
the extreme limits is recorded to enable the computer to determine

which type of element is causing the failure.

To show how this is accomplished, consider an incffective profile

with n elements. Let type[i], ylen[i] be the variables containing the type

information and the end y co-ordinates the ith element relative to the

centroid. Using production rule on each clement by iteration the task is

carried out. Then production rules which are used on the ith element are
as follows :-

IF ylen[i] < = minyelem

THEN minyelem : = ylen[i] and minytype : = type[i]

Where minyelem contains the minimum y distance from
the centroid and minytype contain the type of clement at

that extreme.
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IF ylen[i] > = maxyelem

THEN maxyelem : = xlen[i] and maxytype : = type[i]

Where maxyelem contains the maximum y distance from
the centroid and maxytype contain thc typc of eclement at

that extreme.

The rules would be applied on all the eclements of the profile,
from i=1 to i=n. This establishes the extremec distances from the centroid
and what type of element is there. The actual kind of failure is
determined by establishing the smaller of the extremes from the
centroid. This extreme element is checked to see if it is either a
compression element or a dummy element. Which if so would mean the
failure is by the tensile side. The dummy clement is looked for, by the
system as it alrcady knows the profile is ineffective, and the dummy

clement represent the ineffective part.

IF {(absolute value of maxyelem < absolute value of minyelem)
and (maxytype := 2 or maxytype := 5) or
(absolute value of maxyelem > absolute value of minyclem)

and (minytype : = 2 or minytype : = 5)}

THEN the profile is failing due to the tensile side.
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Once it has established the failure either way it can resolve the

solution as described earlier.

One of the main considerations in the designing process is will
the profile fail by lateral/lateral-torsional buckling. The British
standards provide a set of equations and rules to determine the bending

moment which may cause this kind of failure.

Using these rules and cquations a consultancy type procedure
was designed. This enables the system to determine the criteria for
failure after a question and answer session with the designer. The initial
consultation determines the effective length of the beam under
consideration. This effective length is used in the ecquations which work
out the bending moment to cause lateral failure. Then depending on the
type of beam being designed the appropriate equation is applied to
determine the bending moment to causec lateral failure. Comparing this
value with the value of bending moment to cause normal failure gives

information on the type of bending.
This consultation is only entered into if lateral/lateral-torsional

buckling is likely. This is because lateral buckling will not occur if a

beam is loaded in such a way that bending takes place about the minor
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axis (x-axis), or if the beam is adequately restrained against lateral

movement and twisting.

i.e,

IF Ix > Iy THEN enter consultation.

Where I, is the moment of inertia about the x-axis and I, is the

y

moment of inertia about the y-axis.

The British standards provide a complex set of rules to determine
if web crushing is likely to occur. The loading is examined to determine
which equation gives the limiting equation to use for each point load or
reaction. Initially the systems determines if the cquations are valid by

consulting the designer on certain features of the profile and loading.

Using the production rules in a particular sequence the system
can compare each load or reaction with the limiting condition given by
the equations. The limiting conditions arc different depending on where
the load or reaction is acting from the edge of beam and if there is any
interference from other loads. These rules arc applied scquentially by

analysing the loads first and then the reactions. There are four different
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conditions which apply and these are split into two types :-

Where there is no interference from other loads or reactions.
That is, the distancc between opposite loads or rcactions is greater
than one and a half times greater the height of web (a and b in

diagram 6.2).

Where there is interference from other loads or rcactions. That
is, the distance between opposite loads or reactions is less than
one and a half times greater the height of web (¢ and d in

diagram 6.2).

Each of these two types are split into the two following :-

The load or reaction is near the edge. That is thc distance between
the load and the edge is less than one and a half times grcater the

height of web (a and ¢ in diagram 6.2).
The load or reaction is not near the edge. That is the distance

between the load and the edge is greater than one and a half

times greater the height of web (b and d in diagram 6.2).
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Where, h is the height; c, the distance from the edge of the profile; and e,

the distance between interfering loads or reactions

Consider the rules applied on the jth load, at a distance P from onc

end ( end A), on a beam length L, with n supports.

IF (P <= 1.5h) or ({L - P} <= 1.5h) ... rule 6.1

THEN Condition limit = (a)
Unless IF ( absolute value of (P - M[j]) < 1.5n ) ... rule 6.2

THEN Condition limit = (c)

IF (P> 1.5h) or ((L - P} > 1.5h) ... rule 6.3

THEN Condition limit = (b)
Unless IF ( absolute value of (P - M[j]) < 1.5n) ... rule 6.4

THEN Condition limit = (d)

where MJ[j] is the distance of the jlh recaction from end A, and
cach rcaction from j=1 to j=n is considered to dctermine if the second
rule is true. If rule 6.1 is true then cither condition a or condition ¢ is
true. Rule 6.2 resolves this because if during the iteration it is truc then
condition c¢ applies otherwise condition a applies. Similarly rule 6.3 and
6.4 determine if conditions b and d apply. Rule 6.1 is complementary to
rule 6.3 because if rule 6.1 applics then rule 6.3 docs not and vice versa.

This ensures that one condition always applies.
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The Diagram 6.3 shows the flow of determining the actual
condition limit. These conditions are applied repcatedly for each load and

reaction,

1 1 R TOT ADIN

The following conditions are detecrmincd across the beam :-

(1) The Bending Moment
(2) The Shear Stress

(3) The Deflection

The bending moment is then compared with the moment capacity
of the profile across the beam. A graph is drawn showing the bending
moment in rclation to the moment capacity. If thc moment capacity is
excecded the system reports failure of the profile to carry the designated
load. Similarly, the shear stress across the beam is compared with the

permissible shear given according to the standards.

The standards give the ecquations to be satisfied for the
combination of bending moment and shear stress, and the combination
of bending moment and web crushing. The former is detecrmined across

the beam and the later at the action of loads and rcactions.
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The standards give some advice on the type of deflection ratio
that should used for each type of beam. But the designer is rcquired to
supply the ratio to be used. The deflection ratio is dctcrmined across the
beam by dividing the decflection by the particular span wherc the
deflection is taking place. This then is compared with the deflection ratio

given and failure is reported if this is the case.

The designer is given the type of failure occurring if this is the
case, or graphs of the shear stress, bending moment, and deflection ratio
as compared with their limit. Thus the designer can dctermine if the

design is good or that changes are required.
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In the previous chapters, specific parts of the dcsigning- process
have been detailed. From all these different aspects, it may be difficult to
visualise how they help in the designing of cold formed secctions. This
chapter shows how all these different aspects have been combined in a

design methodology, helping to obtain optimum designs.

The method used is carried out in three distinct stages. Although
the mecthod has incorporated some Artificial Intelligence concepts, the
designer remains in complete control of the design. When all three
stages have been followed, the designer makes the final decision on

whether the design is satisfactory or a new one has to be designed.

The three stages in the design methodology arc :-

1. The optimum analysis of the profile.
2. The beam loading design.
3. The testing of the profile with the loading.
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IMUM AN

In the optimum analysis of the profile the designer is encouraged

by the system to design a section which is fully ecffective. The system is

designed to handle cases where the profile designed may not be fully

effective. This gives maximum freedom of design to the designer and still

perform the design in accordance with the British standards.

Diagram 7.1 illustrates the whole process of optimum analysis of

the profile. This analysis consists of six main parts which arc shown and

numbered in the diagram.

The designer enters the information about the profile,

while being given advice and restrictions.

The system validates the data and determines the

cffectiveness of the profile.

The method of editing the profile the—profile ~data for
reduction in arca for the purpose of calculating the
section properties. It also establishes if work hardening

will be required.

The method by which assistance is given to the designer

to determine effcctive stiffeners for the profile.
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5 The optimum analysis of ineffective profiles.

6. The determination of section propertics and the display of

the section profile.

The method for points 5 and 6 have been explained previously in

chapters six and four respectively.

iti rofil isi T

The flow diagram 7.2 illustrates the method of giving the
designer, decision support, informing him of restrictions and possible
improvements. The flow diagram is explained by the following

referenced points.

1. The values of Section number, Ultimate Tensile stress, and the
Yicld stress are requested, the latf:r having some guidance to its value.
The section numbcr.' is used for identification, when the data about the
profile is transferred from program to program. This can also bc used to

build an archive of designed profiles.

2 The Ultimate Tensile stress and the Yicld stress arc requested to
determine the design stress. This is evaluated as the lesser value of either
seventy eight percent of the Ultimate Tensile stress or nincty five

percent of the Yield stress.
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3. The British Standards for cold rolled scctions do not apply for
profiles whose thickness is greater than eight millimetres. Consequently
as thc advice of this method is based on these Standards, the designer

cannot use this system,

4. The section will fail at stresses lower than the yield if the web
height is too large. The Standards provide ecquations for the reduction of
design stress if the web height is too great. By detcrmining the limiting
condition of the height to produce this necessary reduction of stress, the
designer can be informed of this requirement. This limiting height, H is

obtained by the following equation:-

H = (1300/19)+T+(280/Y)'/2

Where T is the thickness and Y, is the yield stress.

5. Should the web height be greater than the limiting value,
further information about the web is given. Principally the system will
advice the designer on the requircment of reducing the design stress, as
well as informing him that the use of a web stiffencr would cnable the

use of a larger web.

6. If the designer decides to use a web stiffener, the designer is
given the minimum moment of inertia requircment for that stiffener

and its optimal placement. The maximum incrcasec given from a stiffencr
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in its web height without the reduction of the design stress is by twenty
percent. If this hcight is still greater than this, the design stress is

reduced accordingly.

7. Alternatively, the designer is advised on the maximum height of
web that does not require the reduction in the designing stress. The
designer is asked to then enter the web height. This gives the option to

the designer to change the web height should he wish to.

8. The Standards give an equation by which the percentage of
curling caused can be calculated. The Standards state that curling
greater than five percent is excessive.. As the curling depends on the size
of the fiange;. the limiting lengths can be estimated from this equation.
The system determines the allowable flange lengths in compression and
tension given the percentage of curling acceptable by the designer. The
designer is informed that up to five percentage is not considered
excessive. The amount of curling u, can be determined from the

following equation :-

2. dy2. b2
u =
E2.i2.z
Where
dy is the average stress on the flange being considered.
b is the width of the flange.
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E is Youngs Modulus,

z is the distance from the neutral axis to the flange.

By approximating an estimation of the maximum flange width
allowed can be made. This approximation is made by taking the worst
possible case. That is using the design stress as the average stress on the
flange and making the distance from the neutral axis to the flange

equal to the height of the web.

Then diving each side of the equation by web height and
multiplying by one hundred we obtain the curling as a percentage of
the height of the web. Thercfore the flange width b, can bc given by the

following expression :-

(E.t.h/(200.dy))Y2 (c)l/4

Where
c is the percentage of curling.
dy is the design stress.
9. The British Standards give the following information about

compressive elements :-

The maximum width to thickness ratio for :-

(a) Stiffencd eclements having one longitudinal cdge stiffencr
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connected to a flange or web clement, the other stiffencd by:

Simple lip 60
Any other type of stiffener
satisfying the minimum moment

of inertia requirements 90

(b) Stiffened clements with both longitudinal edges

connected to other stiffened elements 500

(c) Un-stiffened compression elements 60

Note: Un-stiffened compression elements that exceed ratios

approximately thirty and stiffened compression ec¢lements that

have ratios exceeding approximately two hundred and fifty are

likely to develop noticeable deformation at the full working load,

without affecting the ability of the member to carry this load.

This information is translated for the designer into actual widths,

hence the designer can immediately see what his constraints are.

fil n n niti

Given the decision support the designer is then required to cnter

the data of the profile he is designing. This initially requircs the
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starting angle. This is so that the system dectermine the scction
properties of the profile according to which way it is up. Then the actual
profilc data in terms of line and circular clements. The line and circular

clements are defined in 5 types and displayed to the designer as shown in

diagram 7.3 .

ADVICE

The maximum length of a full effective compressive element
is xxx.xx mm. This is at the design stress .

Enter in the section profile into the text screen

Type Element No. Type length/radius angle

1. Web lip or edge - flat
2. Compressive - flat

3. Tensile - flat

| 4. Angular

5. Dummy - flat
0. end of entry

Diagram 7.3 : Screen Layout Display during profile data entry

During the entry the systém interactively validates the data and
determines the status of the profile (i.e. if it is cffective or not ? etc.).
The method used is displayed in diagram 7.4 . Prior to the cntry of data
certain boolean variables are sct to specific values which are changed
when they encounter specific conditions. These variables ecnable the

computer to recognised the profile and dctermine its status.

1. Each element of the profile is entercd into the system and
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processed.

2. This eclement is checked with the web height as stated with by the
designer. If the elemental height is greater than this value, the whole

designing process has to be restarted.

3. If this element is the first element entered, then this is an
un-stiffened compression flange and the system notes it as such,
Otherwise it could be either the last element cntered, in which case it
would also be an un-stiffened compression flange; or an
inter-compressive element. The system treats the element as an
inter-compressive element at first, and determines if the clement is
effective or not. If the element is not cffective, the system notes this and
notes that work hardening cannot be taken into consideration in the
design. Secondly it notes that it is the last clement entered, until

otherwise, and consequently an un-stiffened flange.
4. If the previous eclement was a compressive clement, it would now

not be considered an un-stiffened flange, unless it was the first clement

" entered.
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( Profile Recognition )

Y

Enter element data

of profile <

D

Effective
Web ?

Effective
Compresive
Element?

Check for
Flange
compressive
clement

(Action On Profile)

Diagram 7.4 : Showing the Method of Profile Recognition and Validation
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- When the system encounters this clement type, it considers the
profile to be not fully effective and consequently notes that work

hardening cannot be taken into account.

6. The validation of the data is done by checking all flat clements
for an angle, which should not exist. Angular elements are checked for
limitations within their constraints and the internal radius which from
practical methods of fabrication cannot be less than the thickness. When
such an error is encountered the designer is rcquired to re-cnter the
information of that element. This also enables the designer when
making an erroncous entry in terms of type or length to re-enter that

particular elemental data again.

Once the process of validation an identification has taken place,
the action for improvement or correct analysis is established as shown
in diagram 7.5. The action is controlled by the system as shown in the

diagram unless stated by an option, which give frcedom to the designer.
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( Action On Profile )

Option
effective
widths
2. design
stiffene

1

Determine
effective
widths

€D

ineffective
compressive

Profile

Option 4 (E)g_lion. v
Work ; ecvtive - .
Hardening ? widths (Sllffcncr Dcs:gn)

Determine Determine
new design effective @
stress widths

‘D( Scction Properties )

Diagram 7.5 : Showing How  Action is taken for Analysis of
Profile
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It Work hardening is taken into consideration by dectermining a
new design stress based on the ecquation provided by the British

Standards.

Ty = Yo +  { 5+T2Na( Ug - Y, )/ A)

Where

¥Yaa is the new yield stress.

Y, is the old yield stress.
T is the thickness.
U is the Ultimate Tensile stress.

is the gross arca of the cross-scction.
is total number of full 90° bends in the scction. Fractions

of 90° bends are counted as fraction of N

The design is re-determined in accordance to the method

previously described.

2 The editing of profile data for inter-cffective clements is

illustrated in diagram 7.6 . The method of replacing individual

compressive elements was described in the previous chapter.

128



(Intcr-elcmcnts cditing)

Read Profile data

Yes

effective ?

Is
element
type
47

element

Determine
widths

effective

Replace element
with effective widths
and dummy eclements

Diagram 7.6 : Showing

the method of determining

the profile

data of

an__ineffective profile

requiring __cffective

widths
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3. Diagram 7.7 illustrates the mecthod of editing the profile for
un-stiffened flanges. Again the mecthod of replacement was described in

the previous chapter.

(  Flange Editing )

Determine effective
widths of Flanges

Is
Flange
first or last

W

Replace last clement Replace last clement
with effective _ with dummy
elecment and element and
dummy element effective clement

Diagram 7.7 : wi h itin for un-stiffen
flanges.
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The design of stiffeners is carried out in two methods depending
on the type of stiffener. That 1is ecither ecdge stiffeners or

inter-stiffeners.

When designing an edge stiffener there arc two routes which
can be taken to assist the designer (see diagram 7.8). Namely the design
of a simple lip, or a more complex stiffener. For the simple lip design, the
size is given based on the standards. The size given is a fifth of the size of

the flange from web to edge or inter-stiffener to edge.

Alternatively, the designer may require a morc complex
stiffener. The standards give the minimum moment of inertia, to be

satisfied for an edge stiffener, as :-

Ioin = T+«(b/5 + 1)3/3
Where
I.in is the moment of inertia taken about the centre linc of the
flange.
T is the thickness.
b is the width of flange.
r the centre linc radius of the comer.
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( Edge stiffener design )

Option
1. simple lip
2. another

Give length
of simple lip

Give information
on the moment of
inertia requirements

3

Enter stiffener data,
determine section properties,
and display stiffener.

Is
Stiffener

O.K. 7

Include stiffener in
design

Diagram 7.8 : Showing the method of assistance given to

igner _in igni stiffener
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This can be modified to the following ecquation where the

minimum moment of inertia is taken about the centroid of the stiffener:-

Iig = T«(b/5 + 1 + TR)/12
Where
I,y is the moment of inertia taken about the centroid of the
stiffener
T is the thickness.
b is the width of flange.
r the internal radius of the comner.

The requirements are determined by assuming that r the internal

radius is the same as the radius of the comner of the flange to the web.

The designer is then asked to enter the data of the stiffener in
terms of line and circular elements. The moment of inertia of the
stiffener are determined and the stiffencr displaycd (as described in
chapter four). By comparing the moment of inertia of the stiffener to
the requircments the designer is advised on the suitability of the

stiffener.

The method for inter-stiffener is more complex. The outline
mcthod has been described in chapter six, and is illustrated in diagram

1.9.

133



Llnlcr-sliffcncr design ]

For each incffective
compressive element

Y

Advise on number of
stiffener to wuse.

o

For each different stiffencr
required determine the moment @
of inertia requirements

’l
Enter stiffener data,

determine section properties,
and display stiffener.

No

/ Is
Stiffener

0.K.?

Enter stiffened element data,
determine section properties, @
and display stiffener.

Is whole

No Stiffened

element
0.K.?

T 0 @ wi h f inter_stiffencr ign
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4% The advice given on the number of stiffeners is basecd on the

highest integer given by the following relationship :-

e
2:W,
Where
W, is the width of the compression element.
W, is the maximum width of a fully effective compression
clement.

This relationship is used because the distancc between stiffeners
should be less than the width of a fully effective compressive clement to
be cffective. Also this is to minimise the size of thc stiffencr to keep it a
closc to the original design. The designer is given the option to select the

number he wishes to use.

2. The minimum moment of inertia requircments arc based on the

cquation given by the standards which is :-

I .. = 0.2 & T4 & (W/T)2 4 Y/ 280

Imin is the minimum allowable moment of incrtia about an axis

through the middle surfacc of the stiffencd clement.
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W is the flat width of the sub-element between stiffeners

8 is the yield stress of the section.

The value of the sub-clement is determined by the number of
stiffeners (n) being used. That is, w is given by W./n, where W, is the

width of the compressive element.

3 The effectiveness of the whole stiffened element has to be

checked. This is done by :-

w , / 'I‘s
Where
Ws is the whole width between two webs.
Ty is given by :
To = (12 o I,/ WHI3
Where
Is is the moment of inertia of the full area of the

multiple stiffened clement, including the

intermediate stiffencrs, about its own necutral axis.
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The method of beam loading has been described in chapter five.
The designer describes the beam loading condition to the system, which
then computes the reaction on the supports. The designed beam is then
displayed to the designer for confc;rmation that thc design is correct. A

typical display is illustrated in diagram 7.10

1000N/m
-
1000N
Y
[ 1
A A A
239.6N 1604.2N 656.2N
Diagram 7.10 : Showing the screen display of Beam Loading
Crrafuret
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1.4 PROFILE TESTING

This is the stage where the profile is checked for failure. The
types of failure criteria are determined and the suitability of the profile

for the loading cstablished (diagram 7.11).

(' Profile Test )
Determine if
La;rf:ral Torsional
> failure is likely
10 occur
Obtain <

Deflection criteria
from designer

Determine if failure
is likely to occur
and if so by
which method.

Diagram 7.10 : Showing the process of checking the profile.
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This is to establish if Latcral-Torsional Buckling will occur. This
will only occur if the moment of inertia about the axis of bending (Ixx)

is not the minor axis. The British Standards give the following equation

to calculate the bending moment, M to cause latcral buckling :-

(M, + 1+ meMg1- (M, +(1+ ) Mg 12- 4 M« M )2 )

Mp is the plastic moment capacity of the section.

M _ is the elastic lateral buckling capacity as dctermined from

]
equations 7.1 to 7.4.

n is a constant, such that

when Ltlry < 20 n=0
when Le/r}, > 20 n = 0.00354( Lc/ry - 20)
and L, is the effective lcngth- as given from the type of restraint

applied to the scction.

Iy is the radius of gyration of the section about its minor axis.

The elastic buckling capacity M, is dctermined depending on the

type of scction being considered for lateral buckling.
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For I section and systematical channel bcams bent in the plane of

the web.

A*E*D*‘ﬂ:z 1 Le t
1 B e 1% = (= w2312 ... (eqn7.1)

2
24( L/ry) 20r, D

ALED *?52 1 Le t

1 S v {13 - (= «-)2)}V2 ....(cqn7.2)
44( Lg/r,)? 20 r, D

y y
For T section beams bent in the plane of symmetry such that the flanges

are in compression,

1 L, t
Y, % Ct* [{1 +-- (—=&--)2)}V241]12 ... (cqn7.3)

y) 20 Iy D

For T section beams bent in the plane of symmetry such that the flanges

are in tension.

A4EyDym2 1 L, t
Mc= ----------- * (:t * [[1 +=- (--E* --)2 ]112 = 1] 12 ... (ch7.4)
2x( Le/ry) 20 Iy D
Where

A is the cross-sectional area of the becam.

D is the section depth.
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E is Youngs Modulus

c, is a constant given by :

t

1 + 1.5x(B/D) - 0.25+( B/D)3
1 + 24 (B/D)

The effective length L., is determine according to the type of

restraint being applied.
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(a) Where a beam is restrained at ends only the effective lengths

should be, with reference to diagram 7.12 .

(i) For beams not restrained from rotation in the @1, Qiz, or ﬁ3

directions: L.=11%L

(ii) For beams restrained against torsional rotation, @1, only :

LG=O'9*L

(iii) For beams restraincd against torsional rotation, @1, and

rotation about the minor axis, @, : L,=081 %L

(iv) For beams completely restraint against rotation in any

direction : Lc =07%L

Where L is the span between supports.

(b) Where the beam is restrained at intervals by substantial

connections to other steel members and is part of a fully framed
structure, L, should be taken as 81% of the distance between restraints,

Where the becam is restrained at intervals by less substantial connections
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to other steel members and is part of a fully framed structure, L, should

c

be taken as 90% of the distance between restraints.

Where the length considered is the length between a support and
a restraint L, should be taken as the greater of the values obtained from

(a) and (b).

The method adopted initially requires the ecffective length to be
determined. This is done by asking questions about the restraints on the
beam and calculating the cffective length as given by the ecquations
above. Then the information about the type of profile is asked so that the
relevant equation for the moment capacity can be established.
Consequently the moment to cause lateral buckling is determined. If this
is less than for normal bending, then this is used in the checking for the

failure duec to bending.

4.2 flecti riteri

The deflection ratio for the beam is supplicd by the designer. The
value of deflection ratio as specified by the standards is given as advice.
This is :

For cantilevers Length/180

For all Beams Length/200
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4 ilure_Analysi

There are 6 failure conditions which are checked.

1. Web crushing

2. Bending

3, Shear

4. Deflection

5. Combination of Bending and Shear

6. Combination of Bending and Web crushing

7431 W hi

The method of determining the allowable load was described in
chapter 6. There is an initial question and answer procedure to
determine if these equation apply. The actual equation used and their

limiting conditions arc given in appendix 1.
7.4.3.2 Bending Momen hear flection
The method used is described in chapter 5. A diagram of the

analysis is shown to the designer, intcractively as the Bending Moment,

Shear, and Deflection are determined (diagram 7.13).
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SHEAR
STRESS
ACCROSS
BEAM

BENDING
MOMENT
ACCROSS

BEAM e

DEFLECTION
ACCROSS
BEAM

Diagram 7.13 ; Showing part of the beam analysis display of a profilg

i hown i iagram 7.1
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ff

The effect of the combined bending and shear is dctermined by

the relationship given by the Standards

®/P,) + (MM,) <= 1

Where

and

P is the shear load.
M is the value of the bending moment at the position at

which P is calculated.

M, is the moment capacity of the member.

P, is the shear load at the limit statc given by the smaller

of the two equation below:

P, =06Y,
P, = 70000041%/D? N/mm?

Y, is the yield stress,

t is the web thickness,

D is the total web depth between flanges.

The method used is similar to the determination of the individual

effects (see chapter 5), and is checked at the same instant.
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The effect of the combined bending and web crushing is similar
to the method used above. But the iteration is donc to the specific
positions of both the point loads and the supports. The relationships

which is applied here arecas follows.

For scctions having single-thickness webs:

1.24(P/Py) + M/M) <= 1.5 and P/P <=1, M/Mc<=1

For I-beams made from two channels connected back to back, or similar
sections which provide a high degree of restraint against rotation of the

web

L1«(P/ P, ) + (M/M,) <= 15 and PP, <=1, M/M <=1

Where

P is the value of the concentrated load or reaction

P, is the value of limit web crushing load in the abscnce of

moment.
M is the value of the bending moment at the position at

which P is calculated.

M_ is the moment capacity of thc member.
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RESULTS
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RESULTS.

This " Expert Design System " has been implemented on the Apple
Macintosh microcomputer using the Pascal programming language. It is
a very versatile system, and can be used for designing simple to very
complex shapes. To show this flexibility, and the control of the designer
has over the design, consider the design of two similar shapes. The one a
simple Purlin with edge stiffeners only, the other with inter-stiffeners
and web stiffeners., both are designed using the same genecral

dimcnsions.

8.1 SIMPLE Z PURLIN DESIGN

Consider diagram 8.1 which show the designed Purlin. The Purlin
is used as standardised profile and is also used for connecting Purlins
together. This connection is shown in diagram 8.2, where the top profile
is the connecting profile to two bottom Purlins. The size of the edge
stiffencrs are determined by the designer by entering the relevant data
into the system as shown in the following example. The bold type is the
communication from the system to the dcsigner and the italic is the

designers response.
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192.4mm 200mm

K3
15mm
Y _y |

F ‘j‘)
iq__52.4mm._..|

a7 0 m m ————————P

Diagram 8.1 : Showing the designed Purlin in the example given,
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Diagram 8.2 : Showing how two Purlins are connecled. consequently

I for un fl length
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Stage 1 (Preliminary information)

Please give a section number for the design

100

Give the following information :-

What is the Ultimate tensile stress in N/mm?*2. of the steel

being used ?

390

What is the Yield stress in N/mmA2. ?- If this is unclassified

then this value can be given as 210 N/mm*2. for hot rolled

structural quality steel, or 185 N/mmA2. for other steels

280

What is the thickness of material in mm. ?

1.6
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Stage 2 (Check Web effectiveness )

What is the maximum depth of Web in mm ?

200

The web height is too large to be fully effective, a web
stiffener would give a more effective profile. Otherwise the
design stress will be reduced.

( The system has recognised the web height is too large )

Are you including a stiffener for the web(s) in this profile ?

The maximum height of web to be fully effective is 109.5mm.
Please re-enter the web height or if changed the new web

height in mm,

200
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Stage 3 (Advice on limitation on sizes of elements in tension and

compression )

What is the maximum curling as a percentage of web depth
that is permitted ? - 5% is thought not excessive for ordinary

steel

Due to the limitations of curling the maximum flat widths
disregarding intermediate stiffeners in tension and

compression are :-

For element/flange connected to webs along both

edges, the maximum length is 422.41mm.

For element/flange connected to web along one edge,

the maximum length is 211.20mm.

The maximum allowable flat-widths disregarding intermediate

stiffeners are as follows -
For a stiffened compression element having  one

longitudinal edge connected to a web or flange element, the

other stiffened by:
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1. Simple lip is 96.00mm.
2., Any other kind of edge stiffener satisfying the
requirements of minimum moment of inertia for edge

stiffener is 144.00mm.

For unstiffened compression element is 80.00mm. @

@-NOTE:- Unstiffened compression elements that have
flat-widths exceeding approximately 48.00mm, and stiffened
compression elements exceeding approximately 400.00mm.
are likely to develop noticeable deformation at the full
allowable working stresses, without affecting the ability of

the member to carry design loads.

Although these recommendations are for compressive

elements they should be taken as a guide for tensile elements

as well.

Stage 4 ( Profile data entry )

Give the start angle
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Element No, Type Length/Radius Angle

! 2 674 0
2 4 3 90
3 0 0 0

(The data given by the designer to the system is only part of the
profile to get advice on the size of the edge stiffener required. Because of
the method the system recognises the compression element and aids the
designer in the designing, not all the data of the profile is required at
this stage. In this case it is the larger of the two flanges less the width of

the two corners.)

Stage S ( Profile Analysis )

There is an unstiffened edge element/flange in this
section design which is subject to compression . The element
should not be greater then  96.0mm. in length. The Ilength of
a fully effective unstiffened flange element is 5.8mm. For a
flange of length greater than 5.8mm. effective Ilengths have

to be taken

( The system has recognised the presence of an unstiffencd flange )
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Do you wish to:-

A._ take effective length of the unstiffened compression
flange

or

B._ design an edge stiffener for the compression element

of length 67.4mm.

Enter a or b

b

For the design of an edge stiffener the required minimum

moment of inertia about

the N.A.

Do you wish fo use:-

1. a bent lip

2, design an edge

its centroid is

of the stiffener.

986.03mmA*4, - about

stiffener (enter 1 or 2)
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Where the stiffener consists of a simple lip bent right angles
to the stiffened element the minimum depth of the stiffener
is:- 19.5mm. Please restart using this element in the design

or design an edge stiffener,

The length of 19.5mm is the total length of the stiffener from the
centreline of the flange, that is it includes the length of the commer and
half the thickness of the profile. As the comer radius used is 3mm, the

size of the lip can be worked out to be :-
195 - 3 -08 =157 mm
So an approximate length of 16mm is the actual size required., By
repeating this procedure the lip size for the other end of the profile is
determined (i.e.,. 15mm). By repeating stages 1-3 again but this time

entering the whole profile, the effectiveness of the profile is

determined.

Stage 4

Give the start angle

-90
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1 1 16 0

2 4 3 90
3 2 674 0

4 4 3 90
5 1 1924 0

6 4 3 -90
74 3 624 0

8 4 3 -90
9 1 15 0
10 0 0 0

Stage 5

Effective widths are necessary for this profile on the

compression elements between stiffeners/webs

This system assumes edge stiffeners are designed correctly

Do you wish to:-

A._ design stiffeners for them

B._take effective widths
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The designer can check to see if the data presented to the system
is correct by obtaining a sketch of the profile of the section. This is

shown in diagram 8.3.

The system then works out the new data of the effective profile
for the determination of section properties. Once the effectiveness of the
profile has been determincd the section propertics of the profile are
dctermined. When the system is given the identification number the
effective profile data is used to determine the scction properties. That

data is also printed for the designer on the screen as shown below.
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Please enter the profile section number

1000

1 1.6 -90.0

(section type) (thickness) (starting angle)

Element No, Type Length/Radius Angle

1 1 16.0 0.0

2 4 3.0 90.0
3 2 19.3 0.0

4 5 28.9 0.0

5 2 19.3 0.0

6 4 3.0 90.0
7 1 192.4 0.0

8 4 3.0 -90.0
9 3 62.4 0.0
10 4 3.0 -90.0
11 1 15.0 0.0
12 0 0.0 0.0
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There are two extra element in the profile data, this is the
replacement of the ineffective compression element by two halves of an
effective element and a dummy element. That is compressive element
number 4 has been replaced by eclement numbers 4, 5, and 6 as shown

above.

- —

Diagram 8.4: Shows the cffective profile as wsed in__ the
rmination _of i 1 pr i

The designer can also obtain a sketch of the effective profile as
shown in diagram 8.4. The missing part represents the dummy element 5

to get the effective sectional propertics of the profile.
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Consider the designed Purlin shown in diagram 8.5, it has the
same overall dimensions as the simple profile but with inter-stiffeners
and web stiffeners (diagrams 8.6, and 8.7 ). The example that follows
shows the method by which the system can be used to design the

inter-stiffeners. Stage 1 is the same as before, and therefore repeated.

Stage 2

What is the maximum depth of Web in mm ?

200

The web height is too large to be fully effective, a web
stiffener would give a more effective profile. Otherwise the
design stress will be reduced. Are you including a stiffener

for the web(s) in this profile ?

The stiffener should have the minimum moment of inertia
of:- 20480.00mm*4. The optimum place for it is about 4/5ths

distance from the tensile edge.
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122mm

N

: ‘ l‘ 6mm
i
%lfmnm
S

.l ) l
1 le—i
:14—34.5mm 13.5mm :

u——70mm—p:

Diagram 8.5: Showing a complex stiffened Puyrlin,

164



4.6mm

3mm

3mm

Diagram 8.6 : win
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4.6mm/—-

3mm

4.6mm

3mm

Diagram 8.7 : Showing details of stiffcners on the smaller flange
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Diagram 8.8 : Showing two complex sections, ong used for
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What is the distance from the centreline of stiffener(s) to the

tensile edge ?

162

(This value is given to the system so as the designing stress can

be computed correctly )

Stage 3

What is the maximum curling as a percentage of web depth
that is permitted ? - 5% is thought not excessive for ordinary

steel

Due to the limitations of curling the maximum flat widths
disregarding intermediate stiffeners in tension and

compression are :-

For element/flange connected to webs along both

edges, the maximum length is 412.12mm.
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For element/flange connected to web along one edge,

the maximum length is 206.06mm,

The maximum allowable flat-widths disregarding intermediate

stiffeners are as follows -

For a stiffened compression element having one longitudinal
edge connected to a web or flange element, the other

stiffened by:

1. Simple lip is 96.00mm.
2. Any other kind of edge stiffener satisfying the
requirements of minimum moment of inertia for edge

stiffener is 144.00mm.

For unstiffened compression element is 80.00mm. @

@-NOTE:- Unstiffened compression elements that  have
flat-widths exceeding approximately 48.00mm. and stiffened
compression elements exceeding approximately 400.00mm.
are likely to develoﬁ noticeable deformation at the full
allowable working stresses, without affecting the ability of

the member to carry design loads.

Although these recommendations are for compressive

elements they should- be taken as a guide for tensile elements
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as well.

Stage 4

Give the start angle

Element No. Type Length/Radius Angle

1 1 16 0
2 4 3 90
3 2 674 0
4 4 3 90
2 0 0 0

( Again a similar method to the previous example, is employed, a
lip element is used so the system can be dirccted to analyse the data for

consideration of an inter-stiffener )

Stage 35

Effective widths are necessary for this profile on the
compression elements between stiffeners/webs This system

assumes edge stiffeners are designed correctly
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Do you wish to:-

A._ design stiffeners for them

or
B. take effective widths
a
Element number 3, of length 67.40, requires stiffeners.

The effective length of an element of this design is

56.42mm. in width.

Please enter the stiffener design program.

Ti S fesi .
What is the section number of the profile to be stiffened ?
100
Are you designing

1. an edge stiffener

or

2. intermediate stiffeners (1 or 2)
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Element number 3, of length 67.40, requires stiffeners.
The effective length of an element of this design is

56.70mm. in width. The recommended number of stiffeners
for this element is 1. If the design of the replacement
element contains ineffective widths then only two of the

stiffeners may be considered to be fully effective

What are the number of stiffeners you wish to wuse for this

elemental length?

The required minimum moment of Inertia for each stiffener

is, 2071.71mmA*4,
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Enter the stiffener profile

Element No, Type Length/Radius Angle

1 4 3 45
2 4 3 -90
3 4 3 45
4 0 0 0

The width of the stiffener is, 10.75mm.

The height of the stiffener is, 2.22mm.

( This information enables the designer to determine the size of

flat elements on either side of the stiffener to meet the original size of

the element being stiffened )

The moment of inertia about the x-axis (horizontal) is,

7995.76mm*4.

The moment of inertia about the y-axis (vertical) is,

7962.97mm*4,

This stiffener is suitable as an intermediate stiffener for the

section,
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In order to check if the whole element replacement profile is
not subject to local buckling, please enter the whole

replacement profile

Element No, Type Length/Radius Angle

1 1 40 0

2 4 3 45
3 4 3 -90
B 4 3 45
5 1 15 0

6 0 0 0

The width of ‘the stiffener is, 65.75mm.
The height of the stiffener is, 2.22mm.

The moment of inertia about the x-axis (horizontal) is,

8015.20mm " 4.

The moment of inertia about the y-axis (vertical) s,

45985.06mm*4.

This replacement stiffened element is suitable and fully

174



effective

By entering this stiffened profile into the system from start the
designer can obtain advice on the edge stiffener for this profile.
Repeating Stages 1 -3, as in the dectermination of inter-stiffener for the

profile, the advice on edge stiffcner is given as follows.

Stage 4

Give the start angle

1 2 40 0

2 4 3 45

3 4 3 -90

4 4 3 45

3 2 15 0

6 0 0 0
Stage

There is an unstiffened edge element/flange in this section

175



design which is subject to compression . The element should

not be greater then 96.0mm. in length.

The length of a fully effective unstiffened flange element is

5.6mm,

For a flange of length greater than 5.6mm. effective lengths

have to be taken

Do you wish to:-
A._ take  effective length of the unstiffened
compression flange

or
B.  design an edge stiffener for the compression

element of length 40.0mm.

Enter a or b

For the design of an edge stiffener the required minimum
moment of inertia about its centroid is:- 364.85mm*4. -

about the N.A. of the stiffener.

Do you wish to use:-
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1. a bent lip

2. design an edge stiffener (enter 1 or 2)

Please enter the stiffener design program

Stiff Desien Pr

What is the section number of the profile to be stiffened ?

100

Are you designing

1. an edge stiffener

or

24 intermediate stiffeners (1 or 2)

what is the start angle in degrees ?

-70
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Enter the stiffener profile

Element No, Type Length/Radius Angle

1 1 14 0
2 B 3 70
3 0 0 0
The width of the stiffener is, 8.36mm.
The height of the stiffener is, 15.66mm.

The moment of inertia about the x-axis (horizontal) is,

3784.07mm*4.

The moment of inertia about the y-axis (vertical) s,

3186.63mm*4.

This stiffener is suitable as an edge stiffener for the section.

The smaller flange is designed in a similar manner. The design of

web stiffeners is carried out in the same way, but the decision is left to

the designer for its suitability in usc. Then repeating stages 1-3 the final

profilc data can be entered into the system to obtain the analysis.

Stage 4
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Give the start angle

-70
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Stage 5

Do you wish to take work hardening into account ? ( y / n )

(This shows that the profile is fully effective )

/ -

Diagram 8.9: Showing the designed profile with stiffeners to the

igner
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8.3 BEAM LOADING ANALYSIS ON THE TWQ PROFILES

The two profiles can be compared by determining the load
carrying capacity of thc profile to simple loading. This loading was
designed to be the same as when these profiles were tested
experimentally. This is where a simply supported beam of span 3.58

metres is centrally loaded by a varying point load.
The point loads are considered ranging from a load of 0.8
Tonne-Force to 1.8 Tonne-Force in increments of 0.1 Tonne-Force (i.e.,.

from 7848 N to 17658 N in increments of 981N). The following example

shows how this loading is considercd by the system.

Beam Loading Desi

GIVE the loading condition number

0.8t

( The loading design once established can be stored according to

file numbering system )

What is the length of the beam in metres ?

3.58
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Enter the number of supports on the beam ( min. of 2)

What is the distance of support no. 1 from A in metres ?

What is the distance of support no. 2 from A in metres ?

3.58

Enter the number of point loads on the beam

What is the distance of load no. 1 from A in metres ?

.79

And its force in newtons ?

7848
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Enter the number of U.D.L.s on the beam

And its force in nawtons ?
7848
Enter the number of U.D.L.s on the beam
0
|
k
764%01‘]
A [ Z50m. ]
: T
3924.0N
3924.01
Diagram 8.10 : Showing display of the beam loading design to the

designer

Once the beam loading has been designed, the profiles can be
checked for the loading. The example which follows shows the simple
section being checked for loading on the loading condition given in the

previous example.
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Beam Analysis

Enter the section number of the profile to be checked for

loading

1000

Enter the loading condition number of the loading for this

profile

0.8t

What is the deflection ratio allowed for this structure ?

It is recommended that ;-

1. for cantilevers this should be length/180

2. beams carrying plaster or other brittle finish should

be span/200

3. all other beams span/200

0.005

Is this profile adequately restraint against lateral movement

and twisting. (y/n)
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If unsure answer "n".

What is the bearing length, in mm ?

120

What is the inside bend radius, in mm. ?

Give the inclination angle of web and plane of bearing
surface. This should be greater than 50 degrees but not

greater than 90 degrees

90

Is this a deck profile ? (y/n)

Are the flanges of the beam stiffened ? y/n
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Give the type of profile shape being designed :-

1. shape with single thickness web

2. shape with restraint against rotation

Analysing the loads on beam

Analysing the reactions on beam

As no failures are reported the beam is sccure for this particular

loading. The analysis of the loading is given in diagram 8.8. Thus the

designer can sce where improvements could be made and where there is

extra capacity.
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SHEAR
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BEAM

DEFLECTION
ACCROSS _
Diagram 8.11 : wi lysi i

The results for each of the profiles are given in Table 8.1.
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Profile Area Moment Maximum Deflection

Type of Load At
Inertia Carried Failure
mm2 cm4 Tonne-Force mm
Simple 603.5 375.0 0.9 12
Complex 634.9 396.2 13° 15.5
Table 8.1 : Showing the results of the two profile from the
system

From Table 8.1 it can be seen the from a small increase in arca
the complex profile gives a large increase in the load carried (the
increasé in area is about 5% and the increasc in load is about 44%.) It can
be seen that using this system the profiles can be made more efficient in

their carrying capacity.

8.4 EXPERIMENTAL RESULTS ON THE TWQ PROFILES?!

The experimental results on these two profile were carried out by
Hadley Industries plc. The structures were loaded as given in the above
cxample of bcam loading design (i.e.,. a simply supported beam of span

3.58 metres carrying a centrally placed point load ). Table 8.2 shows the
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result obtained experimentally.

Profile Area Moment Maximum Deflection
Type of Load At
Inertia Carried Failure
rnm2 cm4 Tonne-Force mm
Simple 603.5 375.0 1.2 15
Complex 634.9 396.2 1.8 28

Table 82 :  Showing the results of the two profile from

>
2
The structures were load till they failed to carry the given load.

This means that the structures were loaded beyond the elastic limit of the
material (i.e.,. plastic dcformation has taken place, and the structures
will still function to carry the load although the would cease to be fit for
their intended use). This is beyond the lirni‘l state condition, that is a
condition beyond which the structure would cease to be fit for its
intended usc. Therefore these results arc expected to be greater than that

given by the system.
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In the results of both profiles the increase in the load carried
cxperimentally is about the same in terms of percentage. This can be
taken as the post buckling strength of the sections. The results show that
the stiffened profile can carry far greater load than the unstiffened
profile. This bears out the results obtained from the " Expert Design

System

85 ANALYSIS OF ROOFING PROFILE

The system can also be used to improve profile sheeting. Consider
the general profile illustrated in diagram 8.9. The loading is applied at
the top of the profile downwards., Using the same procedurc as before
and entering the profile data, the system dectected the compressive
clement of 80mm was too large to be effective. Given the options of
cither designing stiffeners or determining effective lengths, both

options were taken into account.

On of the features of the "Expert Design System" is to optimise the
profile data when dectermining effective lengths. When the option of
determining effective length is taken the system initially edits the data
of the profile. Then it determines the stress on the compressive clements
which if shown not to be the design stress, the profile is re-edited. The
example given (diagram 8.12 and 8.13) shows how this procedure is
achieved on the ineffective roofing profile. After entering the profile

data into the system the system begins to determine the section
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properties.

914mm

70mm
152mm 82 mm )l la

19mm

. AN PR

43mm
80mm
%
: 17mm
Diagram 8.13: Detailed roofing profile showing actual clemental lengths,
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Determination of section properties

Please enter the profile section number

3800

1 0.55 56.0

(section type) (thickness) (starting anglc)

E
E
E

1 1 43.0 0.0
2 4 2.0 -56.0
3 3 17.0 0.0
4 4 2.0 -56.0
5 1 43.0 0.0
6 4 2.0 56.0
7 2 25.3 0.0
8 5 294 0.0
9 2 25.3 0.0
10 4 2.0 56.0

( Elements 1-10 arc repcated until clement 60)

60 4 2.0 : 56.0
61 1 43.0 0.0
62 4 2.0 -56.0
63 3 17.0 0.0
64 4 2.0 -56.0
65 1 43.0 0.0
66 0 0.0 0.0
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The compression elements are not subjected to a stress of

199.50N/mmA2,

Please re-analyse the section

Please give a section number for the design
3800

Is this a re-analysis of effective_widths ? (y/n)

The rc-analysis is carricd out using the same program as the
initial profile data entry, except the data is read from file and write to

file after the re-analysis has taken place.

Effective widths are necessary for this profile on the

compression elements between stiffeners/webs

This system assumes edge stiffeners are designed correctly

Do you wish to:-
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A._ design stiffeners for

or

B._take effective widths

them

Once the re-analysis has taken place the same editing proccdure

is repcated until the correct stress on the compressive clement at failure

has been established. The

profile data:

first

re-analysis

produces the following

Element No. Type Length/Radius Angle

el - - T - U7 B N I
A N Ut N R = AR W AR -

0

43.0
2.0
17.0
2.0
43.0
2.0
29.7
20.7
29.7
2.0

0.0
-56.0
0.0
-56.0
0.0
56.0
0.0
0.0
0.0
56.0

( Elements 1-10 arc repeated until clement 60)
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Element No, Type Length/Radius Angle

60 4 2.0 56.0
61 1 43.0 0.0
62 L 2.0 -56.0
63 3 17.0 0.0
64 L 2.0 -56.0
65 1 43.0 0.0
66 0 0.0 0.0

The first iteration has produced a more cffective data profile, but
again the compressive elements at failure are not subject to the new
compressive stress. The value quoted is the design stress and not the
stress at which the effective widths were determined. The second and

final re-editing of data gives the following profile data:

Element No, Type Length/Radius Angle

1 1 430 0.0

2 4 2.0 -56.0
3 3 17.0 0.0

4 4 2.0 -56.0
5 1 43.0 0.0

6 4 2.0 56.0
7 2 30.8 0.0

8 5 18.3 0.0

9 2 308 0.0
10 4 2.0 56.0

( Elcments 1-10 are repeated until clement 60)

195



Element No, Type Length/Radius Angle

60 4 2.0 56.0
61 1 43.0 0.0
62 < 2.0 -56.0
63 3 17.0 0.0
64 4 2.0 -56.0
65 1 43.0 0.0
66 0 0.0 0.0

The moment of inertia about the x-axis ( horizontal) is

123307.1 mmA*4

The moment of inertia about the y-axis ( Vertical) is

54313840.0 mm*4

The area of the total profile is 692.0 mmA*2

When this information is given it shows that the profile data has
now been edited correctly and its basic properties arec given. Using the

advice given by the " Expert Design System ", the designer could have

designed some stiffeners and obtained a more cffective profile.

ROOF WITH N

The stiffencr were designed using the assistance given to the

designer by the " Expert Design System ". This stiffener is shown in

diagram 8.14, Two of thesc stiffeners are used in the 80mm replacement

196



of the ineffective compressive clement as shown in diagram 8.15.

i 14: iff T i for h mpr ion

< 80.0mm B

st N —20mm——»

g—20.5mm ——p»

g—20mm ——p

Diagram 8.15: The 80mm _Stiffened Compression Element Replacement

The properties of the new profile were cvaluated and its load
carrying capacity determined. This capacity can be compared with the
original profile. The type of loading used is a uniform distributive load

across the whole beam. Both profiles were subjected to thrce types of
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beam loading: single span , double span and triple span. The results were
determined for failure of the profile with a deflection limit of 0.01 and
with a deflection ratio of 0.005. The span length considered for all 3 types
of loading was 2 metres. The loading was designed as before but in

increments of 50 N/m, ranging from 1000 N/m to 3000 N/m.

The results of the loading for both profiles are given in .lablcs 8.3
and 8.4. The tables also show the type of failure which occurred. To
obtain a better picture of the comparison of the two profile, table 8.5
shows the relative increases in the profile areas compared with the

increases in the load carrying capacity.
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AREA ULTIMATE LIMIT
ROOF UNIFORM DISTRIBUTIVE LOAD
F
SECTION N/m
TYPE FROFILE. | o/NGIE DOUBLE TRIPLE
mmA2 SPAN SPAN SPAN
Effective
692 2150 2100 2550
3800
7 Failure Failure
Failure At At
ANALYSIS At 2150 2600
2200 By By
& By Bending Bc:d(iing
Bending And n
FAILURE Stress Shear Wcl:_s
% SerSS Crushmg
A
Stiffened - :
3900 2600 2400 3000
V/ Failure Failure
ANALYSIS Failure At At
At 2450 3050
F 2650 By By
By Bending Bending
FAILURE Bending And And
Stress Shear Web
/ Stress Crushing
/]
Table 8.3: ]

the profiles at the deflection ratio of (.01
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AREA ULTIMATE LIMIT

ROOF UNIFORM DISTRIBUTIVE LOAD
F
SECTION N/m
wyee | TROTLE [ SINGLE | DOUBLE | TRIPLE
mm*2 SPAN SPAN SPAN
Effective
692 1200 2100 2250
3800
’?
7 Failure
At
ANALYSIS
Failure 2};50 Failure
F By Y By
Deflection Bc.:d(li“g Deflection
n
FAILURE Shess
/ Stress
4
Stiffened
699 1450 2400 2800
3900
/// Failure
ANALYSIS At
Failure 2450 Failure
F By BY_ By
Deflection Bending Deflection
FAILURE And
Shear
/ Stress
/]
Table 8.4: Showing the results of the limit load capacity of
rofil flection rati f
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LOAD CARRYING CAPACITY

DEFLECTION RATIO DEFLECTION RATIO
OF 0.01 OF 0.005

_

Single|Double | Triple | Single [Double | Triple
Span | Span | Span | Span | Span | Span

%

Increase 1
In New 21 14 17 29 14 24

Profile

Table 8.5: Showing the relative increases in Area to Load
rryi i h iffen Profil

The results show that by using the 'Expert Design System', the
profile can be improved. By only a 1% increase in the cross-sectional
arca of the profile, the load carrying capacity can be incrcased in a

range of 14% to 30%.

The results also show that the improvements in the profile vary
according to the type of loading the profile is being designed for. The
analysis can also give information to the designer on possible usc of
specific external stiffeners during the loading of the profile to
counteract possible failures. An example of this can be the wuse of
stiffeners attached to the web of the profile at the two inner supports on

the triple span beams.
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CONCLUSIONS & FUTURE WORK

Computer Aided Design is an ecssential clement in the designing
process in today's industry. Therefore any major contribution at any
level to the general body of expertise in the improvement and expansion

of computer assistance to the designer is essential to achieving or

maintaining competitiveness.

This research has been concerned with, not only the
enhancement of Computer Aided Design facilities, but also with the
provision of advice to the designer in the design of cold rolled sections.
This sort of computer system can be accurately called an "Expert Design
System". It has the general facilitiecs to perform the tasks of
mathematical analysis and graphics associated with Computer Aided
Design systems and the additional provision of decision support, without
restricting the creative talents of the designer. This work has been to
cxpand the present barriers of the computer assistance given to the
designer and can be considered as taking a large step towards a new

generation of Computer Aided Design systems.
This "Expert Design System" contains a number of different and

specific aspects which have becen devcloped during the course of this

research.
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The method used for the determination of scclionl properties on
an carlier Computer Aided Design system was complex. By using the
properties of line and circular elements it was possible to dectermine the
section properties in a simple manner. This different method has also
allowed for graphical display of the outline of the profile to be shown on
screen. The start and finish position of each of the profilc clements can
be mapped on an imaginary sct of axis. This mapping is then translated
to the local mapping system of the screen as determined by the computer
architecture. The outline of the profile is obtained by joining these
positions according to the element type using the graphical routines

available in the software used.

The data of the profile is described in terms of different line and
circular elements. These line and circular elements have certain
restrictions on their data. If these restrictions are excceded the system
would require the re-entering of the data for that element. For example,
if the designer was entering a circular element and its internal bend
radius was smaller than the thickness, an error would be reported as
from manufacturing experience this is an. impossibility. Secondly if
more serious errors are not detected by the system, these would be seen

by the designer from the drawing of the profile outline.
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LOADIN ANA

One of the main features of this designing system is the varicty
of beam loading conditions which can be considered for the designed
profile. Not only can the loading be on a single span simply supported
beam but on any number of spans, with any number of point and
uniform distributive loads. This is particularly important if the designer
is designing a profile for a particular type of loading. The profile can
then be checked for suitability for this loading. Unlike specific loading
analysis such as central point load a single span beam the profile can

now be custom built.

This is also essential to the optimisation of the profile to a
specified loading, as a profile may be optimal for one type and not
another. This can be illustrated by the variations in the amount of
improvement on the new roofing profile given in the analysis of the

results for loading in single, double and triple span.

The profile is not just checked for failure in bending stress and
deflection; but also for failure in shear, web crushing, combined effects
of shear and bending stress, or combined effects of web crushing and
bending stress. This gives the designer a better understanding of the
failure likely to occur for the given loading and conscquently can take

the appropriate steps.
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2.3 DECISTION SUPPORT

Unlike normal Computer Aided Design systems, this system has
the facilities to give advice to the designer. When using the "Expert
Design System" the designer is given advice on many featurcs of design.
All the advice is based on the British Standards. This makes the advice

sound and acceptable.

There are a variety of methods used to give advice to the designer.
Some of the advice is taken directly from the standards, such as the
recommendation for the deflection ratio, and is presented to the designer
before entry of the relevant information. Some of this guidance has
been translated to a more relevant form, such as changing the allowable
length to thickness ratios into actual allowable lengths for compression

elements.

The more complex advice has been adopted through the use and
construction of production rules. These have been used extensively in
the design methodology for giving advice based on experience in the use
of the standards and in the analysis of beam for loading. By the
combination of symbolic representation and production rules, it is

possible to optimise the editing of an in-effective profile, as shown.
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2.4 STIFFENER DESIGN

The method of optimal design is based on the maximum use of the
material, therefore, when a profile has neecd of effective widths it is not
cfficient. Consequently the designer is advised to use and design

stiffeners, if effective widths are required.

The system is designed to help the designer by giving the
facilities for the suitable design of stiffeners. There are two types where
assistance is given, that is design of edge stiffeners or intermediate

stiffeners.

In the design of an edge stiffener the system can cither give the
size of the lip required, or allow the designer to design a more complex
stiffener through line and circular ec¢lements. The system then
determines if the stiffener satisfies the minimum moment of inertia
requirement and informing the designer on the width and height of the

stiffener.

The assistance for the design of inter-stiffeners is given in a
similar manner, although the requirements are more involved. The
width and height of the stiffener is more important here as it assists the
designer in determining the widths of the smaller compression elements

between stiffeners, or the stiffener and the web.
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2.5 _DESIGN METHODOLOGY

The designing method is based on how best to assist the designer
without making too many constraints on the design. As a consequence
the designer is advised on possible methods of improving the design,
such as the usc of stiffeners, but allowed to reject that option. Thus, if the
profile was not fully effective and the designer did not wish to use
stiffeners, the system would evaluate the ecffective widths for the profile

and edit the profile data accordingly.

The method is designed such that the profile is first, analysed
with advise on possible improvements. The beam loading for which the
profile is to be used is designed. Then the profile is analysed for
suitability for that loading. This informs the designer whether or not the

designed profile is useful for that loading.

Thus, the designer can carry out a variety of designs for a
particular loading and sce which is best suited or which gives the best
results. Basically the system caters for the creative talents of the
designer, instead of the designer being involved in repeated analysis

and calculations.
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9.6 RESULTS

The results on the "z" purlin show the system indicating the
improvement in loading capabilities due to the suitable use and design
of stiffeners. This improvement is also shown by the experimental
results. The analysis given by the system shows the limit loading
capacity of the profile. This is at the elastic limit and therefore the
experimental results which were tested to failure (i.e., beyond the elastic

and plastic limit of the structurc) arc much higher.

2.7 SUGGESTIONS FOR FUTURE WORK

There are many areas where research work in the design of cold

formed section can continue.

In the improvement of the present system, work can be
continued by extending the loading analysis to struts and beam-columns.
This is because cold formed section are being used in the design of
complex structural frames, and possibly the shapes being used arec not

the most economical.
The work done by this research can bring to light areas where

cxperimental work may progress to achieve even better profiles. One

such case is with the detail design of stiffeners. The standards do not give
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the ideal placement of the stiffener on a flange or the shapes which give
the optimum improvement. By working in this specific area, the
standardization of stiffener shapes could be achieved, consequently a
new "Expert Design System" for cold rolled sections will be able to give
better advice on precisely which type of shape and its idcal placement

should be to give a better profile.

The system may be integrated into the work on the computer
aided manufacture of rolls for the rolling of these profiles, leading to a

more comprehensive system of design to manufacture,

A lot of designing in other areas is donc mainly by the use of
standards. By adopting the methods shown in this research it may be
possible to develop more "Expert Design Systems" , consequently —making

designs more efficiecnt and low in cost.
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Consider the diagram 10.1, the values ¢ and ¢ arc lengths, and h is

the depth of the web.

For shapes having single thickness webs the following table

gives the total allowable web load for conditions (a) to (d).

CONDITION ALLOWABLE LOAD IN NEWTONS GIVEN BY
(a) Stiffened Flanges

124ksC34C4uC + [2060 - 3.8.(h/1)] 4 [1 + 0.01.(N/1)]
Unstiffened Flanges

t24kuC34CyuCy + [1350 - 1.73.(h/)] « [1 + 0.01.(N/D)]
Unstiffened Flanges and If N/t > 60 then

t24kyC34CgsCy + [1350 - L734(b/1)] 4 [0.71 + 0.015,(N/)]

(b) t24ksC4CpuCy & [3350 - 4.64(b/1)] « [1 + 0.007,(N/D)]
If Nit > 60 then
124kuC14C0uCy 4 [3350 - 4.6.(b/0)] « [0.75 + 0.0114(N/)]
(c) t24kyC34CguCy « [1520 - 3.574(h/1)] 4 [1 + 0.0L(N/0)]
(d) 124ksC4CpuCy  [4800 - 144(B/D] & [1 + 0.0013(N/1)]
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: ¢ > 1.5h
-
1
ram 10.1: Showing the different conditions for allowable load

213



For shapes rcstraint against web rotation the following table gives
the total allowable web load for conditions (a) to (d).

CONDITION N NBY

""" R R
(b) 12+ C5 4 Cg 4 Py x [13.2 + 163, (N2
(c) 124 Cyp+ Cyy +Py 4 [8.8 + 1.11.(N/)Y2)
(d) t2 4 Cg +CoxPy s [132 + 1.63(N/)1/2)

--------------------------------------------------------------------------------

In both tables the symbols used are represented by the following.

Py - Design stress of profile.

C = [1.22 - 0.22 , k]

C, = [1.06 - 0.06 &« (R/1)]

Cy = [1.33 - 0.33 4 k]

Cy4 = [1.15 - 0.15 + (RN)] 005<Cy<=10
Cs = [1.49 - 0.53 « k] >=0.6

Cs = [0.88 + 0.12 4 m]

C, = 1 + (h/t)/750 when h/t < 150
C, = 1.2 when h/t > 150
CS = 1/k when b/t < 66.5
Cg = [1.1 - (h/t)/665]1/k when h/t > 66.5
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z =~ 5

(0.82 + 0.15 » m]
[0.98 - (h/t)/865]/k
[0.64 + 0.31 x m]

0.7 + 0.3 , (3/90)2

clear distance between flanges

plane of web, in mm.
PyIZI'?
t/1.9

web thickness in mm.

Actual length of bearing, in mm.

Inside bend radius in mm.

215

measured

along



RIEFERIENCIES

216



REFERENCES

Besant, C. A. & Lui, C. W. K. : Computer Aided Design And

Manufacture : Ellis Horwood Lid. : 1986 : Chichester.

Simons, G. L. : Computers In Engineering And Manufacture : N.C.C.

Publications : 1982 : Manchester.

Raphael, B. : The Thinking Computer ; Mind Inside Matter : W. H.

Freeman & Co. : 1976 : New York, U. S. A.

Walker, A. C. : Design And Analysis Of Cold Formed Sections :

International Textbook Co. Ltd. : 1975 : London.

Yu, Wei-Wen : Cold Formed Steel Structures ;: Mc. Graw-Hill Book

Company : 1973 : New York, London etc.

Zamecnik, F. J. : Errors In Utilization Of Cold Formed Steel
Members : Journal Of The Structural Division, Proccedings Of The
American Society Of Civil Engineers, Vol 106, pp 2493 - 2508 :

American Socicty Of Civil Engineers : 1980 : U. S, A,

217



10.

11;

Seaburg, P. A. & Salmon, C. G. : Minimum Weigth Design Of Light
Gage Steel Members : Journal Of The Structural Division,
Proceedings Of The American Society Of Civil Engineers, Vol 97,

pp 203 - 222 : American Society Of Civil Engineers : 1971 : U. S. A.

Douty, R. : Optimisation Of Light-Gage Cold-Formed Steel Shapes By
Parametric Bandwidth Constriction : National Symposium On
Computerised Structural Analysis And Design, George Washington
University, March 28, 1972 : Computers & Structures, Vol.3, pp

299-313 : Pergamon Press : 1973 : Oxford.

Magniez, M. G. : Improved Use Of Cold Formed Sections

International Conference at University Of Straithclyde, Glasgow,
6-7 April, 1979 : Thin Walled Structures; Reccent Technical
Advances And Trends In Design, Research And Construction;
Edited by Rhodes, J. & Walker, A. C. : Granada Publishing Ltd. :

1980 : St. Albans.

Cold Formed Design Manuval : American Iron And Steel Institute :

1983 : Washington DC.

Panton, S. : Ph.D Thesis : 1987 : Aston University, Birmingham.

218



12,

3 5

14,

15.

16.

17,

Karren, K. W. & Winter, G. : Effects Of Cold Forming On Light Gage
Steel Members : Journal Of The Structural Division, Procecedings
Of The American Society Of Civil Engineers, Vol 93, pp 433 - 470:

American Society Of Civil Engineers : 1967 : U. S. A.

Sephton, D. J. : B. Sc. Project : 1979 : Department Of Production
Technology And Production Management, Aston University,

Birmingham.

Teo, C. : M. Sc. Project : 1983 : Department Of Production
Technology And Production Management, Aston University,

Birmingham.

McLean, W. G. & Nelson, E. W. : Schaum's Outline Series;
Engineering Mechanics : McGraw-Hill Book Company : 1980 : New

York, London, etc.

Heamn, E. J. : Mechanics Of Matcerials, Vol. 1 : Pergamon Press :

1977 : Oxford.
Johnson, L. W. & Riess, R. D. : Numerical Analysis

Addison-Wesley Publishing Company : 1982 : Reading,

Massachusetts ; London etc.

219



18.

19.

20.

21,

British Standards BS 5950 : The Structural Use Of Steelwork In
Building: Part 5 Code Of Practice For The Design Of Cold Formed

Sections : British Standards Institute : 1985 : London

Bennett, J. L. : Building Decision Support Systems
Addison-Wesley Publishing Company : 1983 : Reading,

Massachusetts ; London etc.

Bonnet, A. : Artificial Intelligence ; Promise And Performance :

Prentice-Hall International, UK., Ltd. : 1985 : London.

Confidential Results On Experimental Testing Of Profiles

Structural Sections Limited , Wednesbury : A subsidiary of Hadley

Industries plc. : 1987.

220



