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Synopsis

Adequate member design isavital part of structural design. Current design software automates the
design process by making use of the finite element model to create a design model. Although thisis
time effective, the engineer has limited control over the factors and procedures that are used for

design. Thisleadsto alack of confidence in the eventual design results.

This thesis concentrates on developing a model for designing steel members with the emphasis on
control over the model, its components and the design procedures. Methods for structural steel
design are developed according to the new South African design code, namely SANS 10162: Code
of Practice for the Sructural use of Sedl: Partl: Limit States Design of hot —rolled steelwork —
2005.

An object oriented framework for structural steel member design, including graphical user interface,
is developed and implemented. The implemented framework:
Implements the design paradigm of the new South African code for structural steel design.
Builds on an existing architecture that allows for structural analysis, structural connection
design and distributed collaboration in the design process
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Opsomming

V oldoende ontwerp van struktuur onderdele is van die uiterste belang vir strukturele ontwerp.
Huidige ontwerpsagteware vergemaklik die ontwerpprosedure deur gebruik te maak van die eindige
element model om die ontwerp model te skep. Alhoewel dié prosestyd - effektief is, het die
ingenieur min beheer oor die faktore en prosedures wat nodig is vir ontwerp. Dit lei tot 'n

vermindering in vertroue in die finale ontwerpresultate.

Hierdie tesis fokus daarop om ‘n model te ontwikkel vir die ontwerp van staalstrukture met die
klem op beheer oor die model, model samestelling en ontwerpprosedures. Metodes vir strukturele
staalontwerp is ontwikkel volgens die nuwe Suid Afrikaanse ontwerpkode, naamlik SANS 10162:
Code of Practice for the Sructural use of Steel: Partl: Limit Sates Design of hot —rolled steelwork
— 20065.

'n Objek-orienteerde raamwerk en ' n grafiese gebruikersoppervlak is ontwikkel en geimplimenteer
vir strukturel e staal ontwerp. Die geimplimenteerde raamwerk:

Gebruik die nuwe Suid Afrikaanse ontwerpkode vir strukturele staal, as ontwerp basis.

Bou op ‘ n bestaande argitektuur wat stukturele analise, strukturele verbindingsontwerp en

verspreide samewerking in die ontwerpproses toel aat.
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Glossary

f = resistance factor for structural steel

A = the gross area of the profile cross section

Ce = the Euler buckling strength

C = factored compressive resistance of a member

Cu = the ultimate compressive force in a member; ultimate axial load
Cy = the axial compressive force in amember at yield stress
E = the elastic section modulus of steel

fu = the specified ultimate tensile stress

fy = theyield stress

h = the height of a steel section

hw = the clear depth of web between flanges

I = the moment of inertia (subscripts refer to axes)

J = St. Venant torsion constant of a cross section

K = effective length factor (subscripts refer to axes)

Lt = effective length

L = gross length of a member

Mq  =thecritical elastic moment of alaterally unbraced beam
My,  =theplastic moment

M; = the factored moment resistance of a member

My = the ultimate bending moment in a member

My  =theyield moment

r = radius of gyration

T, = the factored tensile resistance of a member

Ty = the ultimate tensile force

s = the flange thickenss

tw = the web thickness

Uy = the factor to account for moment gradient and for second order effects of an axial force

acting on the deformed member

W = width to thickness ration of a cross section
Ze = the €lastic section modulus of a steel section
Zy = the plastic section modulus of a steel section
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1 Introduction

General: Adequate member design and control over structural member propertiesis an important
part of the structural design task. Member design and proportioning of elements follows on
structural analysis. For the purposes of analysis afinite element model is created which provides
member forces and the translations and rotations of the model’ s degrees of freedom. However, the
finite element model does not provide sufficient information for the design of structural members.
Design of structural membersis acomplex procedure and should be performed with all the

necessary information available, as required by the various design procedures.

1.1 Structural Design

General: Structural design is an iterative process of applying engineering mechanics and
knowledge of the surrounding environment to create a functional and safe structure. By making use
of structural analysis techniques and relating the results to specific design code criteria, asolution is
obtained about the adequacy of a proposed structural makeup. Structural analysis techniques are
employed to compute the forces, stresses, rotations and displacements of a structure. The analysis
provides solutions to the behaviour of a structure under certain load conditions. The behaviour of
the structure, due to the forces and stresses at work within a structure, is then related to appropriate
design specifications. In this process the structural members and their connections are tested for
their conformity with strength and serviceability standards as set by the design code.

Requirements. For adequate structural member design, the design paradigms require certain
knowledge about the individual members that comprise a structure along with the structure itself.
Thisinformation is used in the design procedures stipulated in the various design codes to test for
structural member strength and serviceability. Typical information required during the design
process is the following:

The physical length of the structural members. This physical length depends on the

geometry and topology of the structure under design.

Complete knowledge of the external loading, the internal forces and internal stresses

occurring along the length of a structural member.

Complete knowledge of the translation and rotation of the structural members during

loading. Thisdatais used to test for serviceability adequacy of a structural member.
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The type of material of the structural member. This determines the type of design code and
thus the design procedures used for testing.

The cross sectional geometry of a structural member.

The end conditions of a structural member. Depending on the end conditions of a structural
member, whether they are connected to other members or have free ends, etc, determine
effective lengths of the structural member itself, influencing its stability and strength.
Knowledge of the stability and behaviour of the structure as awhole.

1.2 Computational Structural Design

General requirements. Design of structural membersis an intricate process and efficient design is
beneficial for effective engineering practise. By applying the processing power of computersin a
computational design framework, the lengthy procedures involved in structural analysis and design
can be reduced.

In order to model the stepsin the overall design process of a structure, separate models dealing with
the finite element analysis, connection design and the member design should be developed. The
remainder of this chapter will develop the reasoning behind a separate structural member design
model.

A finite element model’ s primary function is to analyse a structure subject to a given load condition.
This model thus provides the stresses and strains at work within a structure. Each member in the
structure is modelled with numerous finite el ements. This model, and thus the finite elements, does
not provide sufficient control and information asis required by the various design codes and
processes involved with structural member design. To solve this problem, a separate member design
model should be implemented. This model should represent a structure and its members from a
design perspective, thus containing all the required design information as stipulated by the
appropriate design codes. Although this design model is separate, all data pertaining to the finite
element model shall be linked to the model.

The components of the design model are special two dimensional elements. These elements will be
specialized in their functionality, which is structural member design. These specia elements, or
design elements, should not be dependent on the topology of the finite elements, meaning that the
length and end points of the design elements need not coincide with that of the finite elements. This
would result in greater control over the design model. The overall geometry and shape of the

structure should remain the same asis stipulated by the finite element model.
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Depending on the materia type of the structural members, e.g. steel, concrete, timber etc, the
appropriate design procedures can be implemented in the design model. The design elements should

then provide the additional design information asis required with different material types.

Structural Steel Design Framework: For the purpose of this thesis a design model adapted for the
design of structural steel membersis developed. The genera structural member design model shall
be devel oped as mentioned earlier. Thiswill allow for easy adaptation for design with any material
type. This model shall then be adapted for the design of hot rolled structural steel members. The
South African code SANS 10162: The Structural use of Seel: Part 1: Limit States Design of hot —
rolled steelwork — 2005 represents procedures used for the design of hot —rolled steel members.
These design procedures shall be analysed with the aim of creating an object orientated

computational framework and specialized design model for hot — rolled steel members.

Structural Steel Design requirements: The additional requirements for a structural member
design framework aimed specifically at hot — rolled steel are as follows:
The computational design framework implements the design paradigm as employed by the
South African code for hot rolled structural steel.
All the design types of steel members will be implemented in the framework and associated
with their specific design procedures as stipul ated by the South African code.
Each design procedure implemented by the design framework shall easily be modified to
allow for additional design procedures or changes in design type.
An extensive collection of hot — rolled stedl profiles must be made available for use in the
design framework without fixing any specific parameters. Various grades of steel must be
made available to represent the different steel profiles. This requirement shall be met by
creating a database of steel profile properties, cross sectional properties and material
properties. These databases can easily be modified to include or exclude specific steel
profiles and or material types.
The structural steel member model must be built on an existing architecture that allows for
structural finite element analysis, structural connection design and distributed collaboration
in the design process. The existing structure supports heterogeneous multimodelsin an
application by allowing for finite element analysis models, connection design models,

member design models and the seamless transfer of information between models. The
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member design model can for example obtain forces from the finite element analysis model
and end conditions from the connection design mode!.

Overview: Thethesis beginswith abrief description of the existing architecture in chapter 2. The
important concepts and relevance of the classes used are discussed.

The sign convention and axis system used to represent the members in space is described in chapter
3. Thisincludes the global axis system, local axis system of the finite element and member design
model aswell asinternal forces sign convention.

The detailed design specification for the steel membersis described in chapter 4. The implemented
specification is based on the new South African Code released in 2005, namely SANS10162: The
Sructural Use of Stedl: Part 1: Limit Sates Design of hot — rolled steelwork — 2005.

The various types of hot —rolled steel profiles and their adaptation to the design framework are
described in chapter 5.

The properties of specialized elements used for design, namely Design Elements, are discussed in
chapter 6 along with specialized Design Elements used for structural steel design, namely SSDesign
Elements.

Chapter 7 describes the concepts and advantages of dividing a structure into “representative sets’ or
“Design Sets”.

The devel opment and implementation of the steel member computational design framework is then
discussed and illustrated in chapter 8. The thesis concludes with illustrated examples from the
computational framework and verification with hand cal culations of the design for each example, in
chapter 9.
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2 Brief Background on Existing Architecture

Existing ar chitecture: The creation of a software architecture for the integration of the various
analysis and design modelsis currently in progress and is the subject of another study. The aim of
the programming architecture is to provide an object oriented application environment that allows
multiple models and model types to exist inside an application. The model typesinclude e.g. finite
element models, steel member design models and steel connection design models. The seamless
integration of these models into a complete framework is the focus of that study. A structural steel
member design model suitable for inclusion into the currently researched architecture is devel oped

in this thesis.

Object oriented programming: The fundamental difference between using an object oriented
framework and procedural approach isthat data has meaning outside the scope of a specific
algorithm. This enables the sharing of data at object level which enhances collaboration possibilities
and transfer of information between heterogeneous models.

An object isan instance of aclass and is described by its attributes and methods. The methods of an
object are normally referred to asits functionality. A class therefore serves asamould for objects of

the class.

2.1 Basic Structure

The software architecture used at the time of this thesisis described in the thesis Object — Oriented
Seel Connection Design FrameWork by G.E. Willemse, section 2. The software architecture is
caled Juma. Thisisillustrated in Figure 2-1. The structure is divided into the following basic
folders which are also known as packages. Each model contributing to the collaboration of analysis
and design has its own package in the structure.
classes
This package contains all the compiled files which are used by the computer to run the
application.
doc
This package contains the java documentation of the application
component
This package contains the components of each model type separated in their own sub packages,
e.g. fefor finite element components and ssMem for member design components. This package
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contains the class Appoj ect which is used Juma
by all components.
Interfme — component
1
This package is divided into the same sub ] Ss;em
packages as the components package. Each ] sscom
sub package is contains the interfaces of the & rppobject
different model types, e.g. finite element [ interface
model and member design model. This : Eﬁ *
ssMem
package al so contains two interfaces, namely L[] sscomn
| AppQbj ect and | Model . This| Model — 4P  AppObject
interface is used by all model objects while L & Model
the | AppQbj ect interfaceis used by al the ——L " model
components. D Eﬁ fe
— ssMem
model — E ssConn
This package contains the model of each — & Model
model type. This package is divided up into —— [ senvice
each model’ s sub package. N % fe
. _ ssMem
service — E ssConn
This package contains all the analysisand L & Aoplication
design classes associated with each model —— [ i
type. Class Application forms the basis and —[ ] e
. — E ssMem
allows for multiple model types. L[] sscom
g — E classes
This package contains all the graphical user T doc

interface components of each model type.
Figure 2-1 The Juma structure

The remainder of this chapter will briefly discuss the relevance of the important classes used in the
structure of Juma. A more detailed description is provided in the Java Documentation of the
application.

2.2 Important classes

The important classes and interfaces used for the basic structure of the design framework are
discussed:
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2.2.1 | AppDoj ect

This interface prescribes the basic functionality of all application objects (Appbj ect S) whether
they are finite element components, steel member components or steel connection components. This
interface ensures all Appoj ect s have the ability to return the name of the AppQbj ect when
requested. The interface further enforces that all AppQbj ect s have the ability to activate the
references of associated AppQbj ect s viatheir identifiers, i.e. there persistent identifiers. The

relevance of interfaces is discussed in chapter 8.

2.2.2 Appbj ect

This classis the basic class in applications structured around persistently identified objects. For this
purpose it implements interface | AppQbj ect and therefore contains all the methods prescribed by
thisinterface. All objects that represent components such as finite element components and steel
member design components are persistently identified and are able to activate the references of their
associated AppQbj ect s viatheir names. This class further allows for the auto naming of

components.

2.2.3 | Model

The | Model interface describes the functionality of Model objects. A Model object encapsulates all
the components used in the framework and can be seen as a set of component objects. Thisinterface
provides the functionality for components to be added and removed from the model. Components

can be obtained from the model object viatheir names or references.

2.2.4 Model

An object of class Mbdel containsasingle set that contains the components of a specific model
type, for example a structural steel member design model. The components may be of any class and
implement any interface. Typical components of a structural steel member model are steel
members, stedl profiles, internal restraints, restraints and internal elements.

The single set that an object of classMdel containsisaspecial set. This set isfilterable. In other
words any object of any class with any attribute conditions specific to that object can be navigated
to and obtained from the set by applying an appropriate filter procedure.

Thisfilterable set contains all the components relevant to the application, in this case al structural
steel member components. Each component within this set can be obtained by applying the
appropriate filter procedure to the component set.
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2.2.5 Application

Class Appl i cat i on provides the functionality for the existence of multiple modelsin the
application by maintaining references to all the existing models. This class allows for control over
the various models by allowing for the addition of models, the removal of models and the control

over which model is currently active
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3 Sign Convention

The definition of the global and local axis convention used in the framework as well asthe sign

convention adopted for the loading on the elements is devel oped in this chapter.

3.1 Axis Systems

The global axisis defined according to the right hand coordinate system and is shown in Figure 3-1.
This system is used in the Design Model as well as in the underlying Finite Element model.

y
The global directional vectors are as follows:

X direction: [1; 0; O]
Y direction: [0; 1; Q]
Z direction: [0; O; 1]
Thelocal axis system of individual elementsis defined in

accordance with the right hand coordinate system with the

Figure 3-1 Axis definition of the global local x-axis running along the length of the element. All
axisvectors local axes of design elements are described with reference to

these global direction vectors.

y The orientation of an element’ s local axisin comparison to
the global axisisshown in Figure 3-2, withthe local y =y’
and local x = x’ axes as indicated.

3.2 External- and Internal Force Sign

Convention

X Fixed end forces: The sign convention of theinternal and

external forces of an element is developed as follows.
Figure 3-2 L ocal axis of an element
The (external) end forces of an element are defined as positive if they are applied in the direction of
the positive local axes of the element. Thisis described as follows:
All fixed end shear forces are taken as positive if they are in the positive direction of the
local y and z — axes of the element.
All axial forces are taken as positive if they are in the positive direction of the local x — axis

of the element.
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All bending and torsional moments are taken as positive if the moment vector corresponds

with the direction of the local x, z and y — axes according to the right hand rule.

L

Figure 3-3 shows an element in space
with positive end forces at its ends
with itslocal x — axis as indicated.

I nternal forces: The chosen
convention for internal forcesis

shown in Figure 3-4. M indicates

bending moment about the elements

Figure 3-3 Positive end for ces of an element

local z—axis, V indicates shear force

in the elements local y — axis direction and N indicates an axial force in the local x — axis direction

of the element. The directions indicated were chosen as positive. This convention leads to positive

stresses on positive parts of a cross —
section with a positive normal vector.
Theinternal forces are calculated from
the end forces in combination with the

internal loading, if any, of the member.

The method used is described below with

the help of Figure 3-5

Sign convention: As can be seen from

Figure 3-5, the contribution of the fixed
end forces at A to theinternal forces at

C result in a negative axial force (N), a
negative shear force (V) and a positive

bending moment (M). The contribution
of the fixed end forces at B cause a

positive axial force (N), a positive shear

force (V) and a negative bending
moment (M). This procedureis
maintained for all elementsin the finite

element mode.

AL

ok

Figure 3-4 Positive end forces

N N

@
. .

?@/

Figure 3-5 Internal forcesresulting from end for ces
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The internal forces are then calculated within the finite element model by relating the fixed end

forcesto the internal forces as follows:

&Nu eFRu

u é
gvu e':zu

eV & H

&Nu é+F,u
Vi=gR
VH &Rl

Once thisis done, the contribution of any element loading is applied to the internal forces. This

approach can be applied to three dimensional |oading.

This sign convention is maintained within the design model.
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4 Member Design Specification

The specification for designing steel members is developed according to the new South African
code SANS 10162 2005: Code of Practice for the Structural use of Seel Partl: Limit Sates Design
of Hot-Rolled steelwork. All the steel member design types were included.

4.1 Pure Flexural Members

The following types of bending were considered:

Uni-axial strong axis bending.

Uni-axial weak axis bending

Bi-axial bending.
The requirements for design of such members are given in the following clauses of SANS 10162:
Partl:

10 Design lengths and slenderness ratios

11 Width-thickness ratios

13.5 Bending: Laterally supported members

13.6 Bending: Laterally unsupported members
Doubly symmetric sections of class 1, 2 and 3 as well as Channel profiles were implemented in the
design framework of thisthesis.

The design procedure isimplemented through the following steps:

4.1.1 Determining the effective lengths of flexural members

4.1.1.1 Simply supported beams
Table 4-1 isan excerpt of effective length factors taken from SANS 10162 Partl: 10.2.1. Table 1.

For beams supported at both ends where no lateral restraint of the compression flange along the
beam s provided but where each end of the beamis retrained against torsion, the effective length
factor K to be used shall be givenin Table 1. [ SANS 10162 Partl: 10.2.1]

The effective length factors indicated in this table determine the lateral torsional buckling length of
the member. Members that are continuously braced along its length do not require an effective

length factor, as bending resistance is calculated on cross sectional resistance.
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Table 4-1 Effectivelength factorsfor simply supported beams

1 2 3

Effectivelength factor K

Restraint against lateral

bending at supports L oading condition

Nor mal Destabilizing

Unrestrained (i.e. freeto 1.0 12
rotate in plane)

Partially restrained (i.e.
positive connection by 0.85 1.0
flange cleats or end plates)

Practically fixed (i.e. not 0.7 0.85
freeto rotate in plan)

Where beams have no restraint against torsion, the values of the effective length factor K in Table
4-1 shall be increased by 20%.

The destabilizing loading condition applies when the load is applied to the compression flange of

the beam and both the load and the flange are free to move laterally.
For beams that are provided with members giving effective lateral restraint to the compression
flange at intervals along the span, in addition to the torsional restraint as required above, the

effective length shall be taken as the distance, centre to centre, between the restraint members.

| mplementation aspects:

For effective design purposes, software should support such functionality to have control
over the definition and assignment of these effective length factors. Software should
further allow for the functionality to provide additional lateral support to a member,
without having to redefine the member’ s layout as spanning between the lateral
supports.

The prototype application alows for the user to assign these effective length factors to
the steel members by manipulating the restraint conditions at the ends of the member,
resulting in the calculation the effective length used for lateral torsional buckling

resistance of the member.
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The application provides further functionality for the user to stipulate any additional
support along the length of the member, thus reducing effective lateral torsional
buckling lengths.

For the purpose of applying different restraint conditions at each end of a member, a
conservative approach is taken by using the largest effective length factor provided in
Table 4-1.

4.1.1.2 Cantilever Beams
The effective length factor K to be used in design is given in SANS 10162 Part 1: 10.2.2 Table 2.
Table 4-2 shows an excerpt of Table 2.

Table 4-2 Effective length factor for cantilever beams

1 2 3 4
Restraint Condition Effectivelength factor K
L oading Condition
At Support Attip Normal Destabilizing
Builtin laterally and Free 0.8 14
torsionally Latera restraint only (at
compression flange) 0.7 14
Torsional restraint only 0.6 0.6
Lateral and torsional
restraint 0.5 05
Continuous with lateral | Free 1.0 25
and torsional restraint Lateral restraint only (at
compression flange) 0.9 25
Torsiona restraint only 0.8 15
Lateral and torsional
restraint 0.7 12
Continuous with lateral | Free 3.0 7.5
restraint only Lateral restraint only (at
compression flange) 2.7 75
Torsional restraint only 24 45
Lateral and torsional
restraint 21 3.6

For the case of a cantilever beam, the destabilizing loading condition applies when the load is
applied to the tension flange of the beam and both the load and the flange are free to move lateraly.
This effective length factor is used, asin the case of simply supported beams, to determine the
effective length of the member for the cal culation of the member’ s resistance against lateral

torsional buckling. The effective length factor only has an effect on laterally unbraced members.
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4.1.2 Determining the factored moment of resistance

4.1.2.1 Bending-Laterally supported members

All members that have continuous lateral support along its entire length fall under this section.
Members that are unbraced but are subjected to weak axis bending alone are considered here too.
Design is then based on cross sectional strength of the section under consideration.

For sections of class 1 and 2, the factored moment of resistance is calculated as follows:
M, =FxZ X, [SANS 10162 Part1: 13.5(a)]
where

M, = the factored moment resistance

F =0.90

Z,, = plastic section modulus of steel section

f, = minimum yield stress of steel section
For section of class 3, the factored moment of resistanceis calculated as follows:
M, =FXZ %, [SANS 10162:Part1: 13.5(b)]
where

M, = the factored moment resistance

F =0.90

Z, = elastic section modulus of steel section

f, = minimum yield stress of steel section

4.1.2.2 Bending: Laterally unsupported members
The factored moment of resistance of members that do not have continuous lateral support of their
compression flange is calculated as follows:
For doubly symmetric sections of classes 1 and 2:
When M, 3 0.67M

x M, o .
M, =1.15% ><|\/ng1- O.28M—+ , but not exceeding F XM |
e c D

When M, £0.67>M
M, =F XM,
with
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M,=2Z,%,

.2

Mcr = W, {0 E>4y >GX]+£E9 |y >CW
KL &KL g

For doubly symmetric sections of class 3 or Channel profiles:

When M, 3 0.67M,

& M, 6 ,
M, =1.15F M ¢1- 0.28——~ , but not exceeding F xV
e Mcrﬂ ’

When M., £0.67M,

M, =F XM
with
M,=Z, >¢y

M, = W2>1O\/E>4 G+ EET | o
TR\ &KLy ¥ "
where
M, = the factored moment resistance
M, = the plastic moment
My = the yield moment
M = the critical elastic moment of an unbraced member.
F =09
k = the ratio of the smaller to the larger ultimate end moment at opposite ends, positive for
double curvature and negative for single curvature.
ly = the second moment of inertia of the section about its weak axis.
E = elastic modulus of steel
G = shear modulus of steel.
J=St. Venant torsion constant.
Cw = warping torsion constant, equal to O for structural hollow sections,
K = effective length factor.
L = unbraced length of member.
w, = coefficient to account for increased moment resistance of a lateraly unsupported beam
segment when subjected to a moment gradient.
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4.1.2.3 Determining the value of W,

The value of w; is determined by SANS 10162 Part1: 13.6 (a). w, =1.75+1.05% +0.3%” £ 2.5

The value of w; is equal to 1.0 when the bending moment at any point within the unbraced length of
the compression flange is larger than the larger end moment or when there is no effective lateral

support for the compression flange at one of the ends of the unsupported length.
4.1.2.4 Determining the value of K

The value of x isequal to the ratio% , with M1 being the smaller end moment and M, being the
2

larger end moment. Thisresultsin a negative value for single curvature and a positive value for
double curvature. If either of the end momentsis equal to zero, the value of k istaken as 0.

4.1.2.5 Bi-Axial Bending

In addition, for bi-axial bending, the member shall meet the following criteria:

M, M,
w4 W10 [SANS 10162 Part1: 13.6(€)]
rx ry
where

M = the ultimate moment about the x axis
M = the factored moment of resistance about the x axis.
My = the ultimate moment about the y axis

M,y = the factored moment of resistance about the y axis.

4.1.2.6 Design procedure

The value of the factored moment of resistance, M, of a steel member as calculated in either 4.1.2.1
or 4.1.2.2 isthen compared to the value of the maximum factored moment (M) occurring along the
length of the member. If M, is smaller than the value calculated for M, the profile is deemed
adequate for the design. The procedure in 4.1.2.5 follows the same pattern.

4.2 Columns

Members subjected only to compressive forces are considered in this section.
The requirements for design of such members are given in the following clauses of SANS 10162:
Partl:

Annex E Effective lengths of columns.

10 Slenderness ratios

University of Stellenbosch Department of Civil Engineering



18

11 Width-thickness ratios — Elements in compression

13.3 Axial Compression.

4.2.1 Maximum Slenderness Ratios

According to SANS 10162 Partl: 10.4.2.1, the maximum slenderness ratio of a member in
compression shall not exceed 200.
The slendernessratio is calculated as follows:

& £ 200 [SANS 10162 Part1: 10.4]
r

where,
K = the effective length factor of the member.
L =the actual length of the member.

r = the appropriate radius of gyration for the particular axis under consideration.

4.2.2 Effective length factors
Table 4-3 isan excerpt of effective length factors taken from SANS 10162 Part1: 2005: Annex E.

Figure E1 Idealized cases. For columns with effective points of lateral bracing along its length, the

effective length is taken as the distance between the centre points of these bracings.
Within the scope of thisthesis, Table 4-3 was used to calcul ate the effective length of columnsto
determine their resistance to out of plane (weak axis) Euler buckling.

For in plane buckling (strong axis buckling) the effective length factor is taken as 1.0.

| mplementation aspects:

As stated in section 4.1.1.1, it is advantageous for effective design that design software
allow for the functionality to have control over these effective length factors.

In the prototype design application, the user has the option to toggle the restraint
conditions in Table 4-3 to apply the effective length factors to the steel member.
Furthermore, the user has the option to allow for any additional lateral support along the
length of the member, if applicable, to reduce the Euler buckling length of a particular
column.

The results taken from the finite element model are assumed to be of a2 dimensional
second order analysis. Thisresultsin an effective length factor for in plane buckling to
betaken as 1.0. Thisis stipulated in SANS 10162 Partl: 10.3.2.
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Table 4-3 Idealized effective length factors
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Profiles of class 1, 2 and 3 were considered in this section being either bisymmetric, asymmetric or
monosymmietric. The design procedure followed was to test all members for flexural buckling and
torsional flexural buckling resistance and thus select the lowest compressive resistance. The
maximum slenderness ratio of the member was used in this procedure. The design procedureis as

follows:

4.2.3 Compressive resistance for flexural buckling mode

All bi —symmetric sections of class 1, 2 or 3 are considered in this section. The compressive

resistance, based on Euler buckling, is calculated as follows:

-1
C, =F A, >(1+I 2“) " [SANS 10162 Partl: 13.3.1]

where
C; = the factored compressive resistance
A = the cross sectional area
fy = the yield stress of steel
F =09
n = 1.34 for hot-rolled, fabricated structural sections, and hollow structural sections
manufactured according to SANS 657-1 (cold-formed non-stress-relieved)
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n = 2.24 for doubly symmetric welded three — plate members with flange edges oxy flame cut
and hollow structural sections manufactured according to 1SO 657-14 (hot-formed or cold-
formed stress relieved)

KR,

[SANS 10162:Partl: 13.3.1]

where,
K = the effective length factor
L = the unbraced length of the member (L, L)
r = the appropriate radius of gyration for the buckling axis
fy = the yield stress of steel
E = Young's modulus for steel

4.2.4 Compressive resistance for torsional flexural buckling mode

Asymmetric and monosymmetric profiles of class 1, 2 and 3 that were not covered under 4.2.3 are

considered in this section. The compressive resistance is calcul ated as follows:

4.2.4.1 Singly symmetric sections
The compressive resistance of all singly symmetric profilesis taken as the lesser value of fe and

feyz.
In this case the y-axis refers to the axis of symmetry of the profile.

r, 232 e
fo =5 — [SANS 10162 Part1: 13.3.2b)]
K? >4_
_rphE
fex - K2>4_ 2
fo+f & ax_ AW ©
g (fo, +f2) p
2 2 A
W=1- 66(0_+y0 gand
¢ 2
e 0 %]
2 2 3 2 2
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C, =F xAf, 1+ 2*“)'nl
where
r = the radius of gyration of the appropriate axis
E = Young's modulus for steel
K = effective length factor of the member
Ly = the buckling length about the y-axis of the member
Xo = the principal x coordinate of the shear centre of the profile in respect to the centroid of the
section
Yo = the principa y coordinate of the shear centre of the profile in respect to the centroid of

the section

The compressive resistance is then calculated using the formulain 4.2.3. The value of fo used in
4.2.3 isthen taken as the smaller of the two values calculated, fex and fey,.

For the case of equal leg angle profiles, the u-u axis of the profile istaken as the axis of symmetry,
namely y-y, while the v-v axis of the profile is used as the x-x axis in the above formulae. Thisis

illustrated by Figure 4-1

V-v u-u

<

N\

Figure4-1 L ocal axis system of equal leg angle profile

4.2.4.2 Asymmetric sections

For all asymmetric sections, the value of compressive resistance is calculated as follows:
,2 L2
0 0
(Fum fo)(Fum T )(fo- Tu)- £2(fo- T )en2n - £2(Fo- f) @222 =0 [SANS 10162 Partt: 13320)
ebo eb o
with,
_rphE
e

X
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. :ryzxpsz
ey 2 2

K2,

25 o

fez:gp 2 >CZV+GXJ+XL—2

eKz >4‘z 4] Xr;)
E2:rx2+r2+X02+y02
where

r = the radius of gyration for the particular axis
L = the appropriate buckling length
K = the effective length factor of the member
E = Young's modulus for steel
G = shear modulus of steel
J=St. Venant torsion constant
A = cross sectional area of the profile
Cw = warping constant for the section, O for hollow sections
Xo = the principal x coordinate of the shear centre of the profile in respect to the centroid of the
section
Yo = the principal y coordinate of the shear centre of the profile in respect to the centroid of
the section
The above formulain SANS 10162 Partl1 13.3.2 ¢) is then solved for f.. The smallest root (fe) isthen

used in 4.2.3 to calculate the compressive resistance of the member.

4.3 Beam-Columns

All members subjected to flexural bending as well as compressive axial forces are considered in this
section. In this clause a distinction is made between braced and unbraced frames. A frame with
direct acting bracing is classified as braced when its sway stiffness is at least five times that of the

frame without direct acting bracing.

| mplementation aspects:

In the prototype application, the designer has the option to state whether a particular
member of a larger structure, i.e. frame, is braced against sway effects or not provided
the bracing is adequate according to design parameters. The application does not test the
adequacy of bracing.
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The following clauses from SANS 10162 Partl are used primarily in the design of members under
axial compression and bending:

13.8 Axia compression and bending

13.5 Bending-L aterally supported members

13.6 Bending-L aterally unsupported members

13.3 Axial compression

10.2 Effective lengths of flexural members

10.3 Members in compression

| mplementation aspects:

It was decided for the case of beam-column design to assume that a second order
analysis was used in determining the forces and end moments of the member. This
resultsin, as stated in SANS 10162 Part1 10.3.2, that the effective length factor used for
determining the in plane Euler buckling length is to be taken as 1.0.

The effective length factor that is used in the determination of the lateral torsional
buckling length and out of plane Euler buckling length is still left up to the designer to
decide. These factors are determined by the choice of end constraints that the designer
chooses. These end constraints are synonymous with the end constraints available with
beam and or column design. Only | and H - profiles of class 1, 2 and 3 aswell as
Channel profiles were considered in the prototype application. Furthermore, only
uniaxial strong axis bending is considered for design in the prototype application. All the
aforementioned assumptions and limitations to the design procedure implemented are

illustrated in more detail in the following sections.

4.3.1 Maximum slenderness ratios

According to SANS 10162 Partl1 10.2, the maximum slenderness ratio of a member in compression
shall not exceed 200.
The slendernessratio is calculated as follows:

% £200  [SANS10162 Partl: 10.4]

where
K = the effective length factor of the member.
L =the actual length of the member.

r = the appropriate radius of gyration for the particular axis under consideration.
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4.3.2 Effective length factors

The calculation of the effective length factor for lateral torsional buckling of the member is
identical to that mentioned in 4.1.1.1 or 4.1.1.2 respectively, depending on whether the beam
column is simply supported or of a cantilever type.

The calculation of the effective length factor for out of plane Euler buckling isidentical to that

mentioned in 4.2.2.

4.3.3 Member strength and stability of class 1 and 2 | shaped sections

For the case of class 1 and 2 | and H sections, design is based on aformula that describes the
interaction of axial compression and bending. This formulais commonly known as the interaction
formula. The interaction formula, applicable for uniaxial strong axis bending, for such profilesis as
follows:

C, + m £10 [SANS 10162 Partl: 13.8.2]

C

The values C, and M refer to the ultimate factored axial compression and bending moment

r X

respectively that occur within the member.

The factor Uy, isto account for moment gradient and for second-order effects of axial force acting
on the deformed member.

As stated in SANS 10162 Partl: 13.8 the member under design has to be examined for 3 cases of

strength and these cases applied to the interaction formula as previously mentioned.

These cases are briefly described as follows:
Cross sectional strength
For this case, the parameters of the interaction formula are based on the pure cross sectional
strength of the profile under design. This test is only applicable for membersin braced frames.
Overall member strength
In this case, the resistance due to axial compression is based on Euler buckling whilst the
resistance to bending is calculated on the cross sectional strength of the profile.

In the first part of the interaction formula (% ), the value of C; is based on SANS 10162 Partl

13.3: Axial Compression. The latter part of the interaction formula refers to the bending

0.85xU,, XM

resistance of the member, . Thevaue of M,y iscaculated as stated in SANS

X
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10162 Partl: 13.5 Bending: laterally supported membersirrespective of whether the member is
laterally supported or not.

Lateral torsional buckling strength

In this case, the value of M, used in the latter half of the interaction formula, % 1S

X

calculated as stated in SANS 10162 Partl: 13.6 Bending-laterally unsupported members. For

thefirst part of the interaction formula, % , thevalue of C; is calculated as stated in the clause

r

SANS 10162 Partl: 13.3 Axial compression, and is based on either weak axis buckling (SANS
10162 Partl: 13.3.1 Flexural buckling) or torsional flexural buckling (SANS 10162 Part1:
13.3.2 Torsional or Torsional- flexural buckling). In the case that the member is continuously
laterally supported along its weak axis, thistest for buckling strength in the design is not
applicable.

Each step in the implementation of the design isdescribed in more detail in the following sections.

4.3.3.1 Cross sectional strength
In this section the cross sectional strength of the member is tested. Only members that are part of a
braced frame are considered in this section. All values calculated must in the end satisfy the

interaction formula below.

C, , 085U, M, ..

Cr X
The value of C, is taken as the maximum factored compressive axial force occurring along the
length of the member. The value of C; is calculated according to SANS 10162 Partl: 13.3 Axial

compression with the value of A taken equal to O. Thisisillustrated as follows:

C, =F xAf, o1+l 2“)_nl

with | =0
\ C =F ><A><fy
where,

C; = the compressive resistance of the member.
F =09

A = the cross sectional area of the member.

fy = the yield stress of steel
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The value of M is taken as the maximum factored bending moment about the strong axis of the
member. The value of M, is calculated according to SANS 10162 Partl: 13.5 Bending-laterally
supported members, irrespective of whether the member is laterally supported or not. Thisis

illustrated as follows:

M, =FxZ, X (for class 1 and 2 sections)

The value of Ui, is calculated according to SANS 10162 Partl: 13.8.4 Value of U; but not taken as
less than 1.0.

— Wl
Uix - Cu
1-
C

ex

The value of C, isthe same value used in the interaction formula, namely the maximum factored
compressive axia force within the member.
Cex isthe Euler buckling strength of the member about the strong axis. Thisis described as follows:

_pPEA,
* KX,

where,
E = Young's modulus for steel
Ix = the moment of inertiafor the particular section
L = the unbraced portion of the length of the member

K = the effective length factor of the member

The value of o is defined according to SANS 10162 Part1: 13.8.4 Values of o1,
a) ; for membersnot subjected to transver se loads between supports

W, =0.6- 0.4>k3 0.4  [SANS10162 Partl: 13.8.4 a)]

The value of « is defined in SANS 10162 Part1: 13.6) Bending-Laterally unsupported members.
It istheratio of the smaller to the larger end moment at opposite ends of the unbraced length,
positive for double curvature and negative for single curvature.

b) ®; for members subject to distributed loads or a series of point loads between supports

W, =1.0 [SANS10162 Partl: 13.8.4 b)]

c) ;for memberssubject to a concentrated load or moment between supports

W, =0.85 [SANS10162 Partl: 13.8.4 c)]
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4.3.3.2 Overall member strength
In this section the overall member strength of the member istested. All values calculated must in
the end satisfy the interaction formula below.

C, , 085U, M, ..

C

The value of C, istaken as the maximum factored compressive axial force occurring along the
length of the member. The value of C; is calculated according to SANS 10162 Part1: 13.3 Axial
compression with the value of K = 1.0 for the case of bi-axial bending or weak axis bending. In the
case of strong axis uni-axia bending, C; = C.
C, =F xAf, o1+l 2“)_nl
where

A = cross sectional area of the profile

® =09

fy = yield stress for steel

n = 1.34 for hot-rolled, fabricated structural sections, and hollow structural sections

manufactured according to SANS 657-1 (cold-formed non-stress-relieved)
with

KoL | f, _ |y
r \p>HE \f,

where

K = the effective length factor
Lx = the unbraced length of the member
r« = the radius of gyration for the x- axis
fy = the yield stress of steel
E = Young' s modulus for steel
The effective length factor K istaken as 1.0 due to the assumption of a second order analysis.

The value of M is taken as the maximum factored bending moment about the strong axis of the
member. The value of M, is calculated according to SANS 10162 Partl: 13.5 Bending-laterally

supported members, irrespective of whether the member islaterally supported or not. Thisisthe
same asisin the previous section, 4.3.3.1.

M, =FxZ, X,
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The value of Uiy is calculated according to SANS 10162 Partl: 13.8.4 Value of U; for membersin
braced frames. If the member is part of an unbraced frame, the value of Ui istaken as 1.0. For the
case of abraced frame, Ui iscalculated asin 4.3.3.1

The exception in this section is that the value calculated can be less than 1.0. The procedureis as

follows;
— Wl
Uix - Cu
1_
C

e

The value of C, is the same value used in the interaction formula, namely the maximum factored
compressive axia force within the member.
C. isthe Euler buckling strength of the member. Thisis described as follows:

c - p*XEX,
KL,
where
E = Young' s modulus for steel
Ix = the moment of inertiafor the particular section
Lx = the unbraced portion of the length of the member

K = the effective length factor of the member

The value of K in the formulais taken as 1.0 based on the assumption that a second order analysis
has been done on the structure.
The value of o, is defined according to SANS 10162 Part1: 13.8.4 Values of w1,

a) ; for membersnot subjected to transver se loads between supports

w, =0.6- 0.4% 3 0.4 [SANS 10162 Part1: 13.8.4 )]

The value of «k isdefined in SANS 10162 Part1: 13.6 Bending-Laterally unsupported members.

It istheratio of the smaller to the larger end moment at opposite ends of the unbraced length,

positive for double curvature and negative for single curvature.

28

b) ®;for memberssubject to distributed loads or a series of point loads between supports

W, =1.0 [SANS10162 Partl: 13.8.4 b)]

c) oifor members subject to a concentrated load or moment between supports

o, =0.85 [SANS10162 Part1: 13.8.4 C)]
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4.3.3.3 Lateral torsional buckling strength (if applicable)

In this section the lateral torsional buckling strength of the member is tested. If the member is
laterally supported along its entire length, this section does not apply. All values calculated must in
the end satisfy the interaction formula below.

C, 085U, M, -, o

C

The value of C, is taken as the maximum factored compressive axial force occurring along the
length of the member. The value of C; is based on:
Weak axis buckling according to SANS 10162 Partl: 13.3.1 Flexural buckling,

The compressive resistance is calcul ated according to this clause. Thisisillustrated as follows:

Corpuo = F XA, {141 2”)'i , with

K&er \f

where

Crraweak = the flexural buckling compressive resistance of the member

A =the cross sectional area of the profile

®=09

n = 1.34 for hot-rolled, fabricated structural sections, and hollow structural sections
manufactured according to SANS 657-1 (cold-formed non-stress-relieved)

fy = the yield stress of steel

K=1.0

Lweak = the longest unbraced length of the weak axis of the member

rweak = the radius of gyration about the weak axis of the profile

E = Young's modulus for steel

The value of M is taken as the maximum factored bending moment about the strong axis of the
member. The value of M, is calculated according to SANS 10162 Partl 13.6 Bending-laterally
unsupported members. Thisis different from sections 4.3.3.1 and 4.3.3.2.

The plastic yield moment of class 1 and 2 profilesistakenasM | =f X2,

When M, 3 0.67M
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2 M, 6 ,
M, =1.15F sM¢cl- 0.28——~ , but not exceeding F M
e o @

When M., £0.67M

MFX :F >MCT

2

The critical moment is calculated as follows, M =% P E>4y>G><]+aaE2 l,>C,
KL &KL

with w, =1.75+1.055 +0.3%* £2.5

where
M, = the factored moment resistance
M), = the plastic moment
My = the yield moment
M = the critical elastic moment of an unbraced member.
F =09
k =theratio of the smaller to the larger ultimate end moment at opposite ends, positive for
double curvature and negative for single curvature.
ly = the second moment of inertia of the section about its weak axis.
E = elastic modulus of steel
G = shear modulus of steel.
J=St. Venant torsion constant.
Cw = warping torsion constant, equal to O for structural hollow sections,
K = effective length factor.

L = unbraced length of member.

The value of Uiy is calculated according to SANS 10162 Partl: 13.8.4 Value of U; for membersin
braced frames. If the member is part of an unbraced frame, the value of Uiy istaken as 1.0. For the
case of abraced frame, Uiy iscalculated asin 4.3.3.1 but not lessthan 1.0

The procedure is as follows:

— Wl
Uix - Cu
1-
C

e

The value of C, isthe same value used in the interaction formula, namely the maximum factored
compressive axia force within the member.

Ceisthe Euler buckling strength of the member. Thisis described as follows:
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2
Ce:p A
KX,

X

where
E = Young's modulus for steel
Ix = the moment of inertiafor the particular section
L = the unbraced portion of the length of the member

K = the effective length factor of the member

The value of K in the formulais taken as 1.0 based on the previous assumption made that a second
order analysis has been done on the structure.
The value of o, is defined according to SANS 10162 Part1: 13.8.4 Values of w1,

a) ;for membersnot subjected to transver se loads between supports

w, =0.6- 0.4>% 3 0.4 [SANS 10162 Part1: 13.8.4 )]

The value of «k isdefined in SANS 10162 Part1: 13.6 Bending-Laterally unsupported members.
It istheratio of the smaller to the larger end moment at opposite ends of the unbraced length,
positive for double curvature and negative for single curvature.

b) ®;for memberssubject to distributed loads or a series of point loads between supports
w, =0 [SANS 10162 Part1: 13.8.4 h)]

c) oifor members subject to a concentrated load or moment between supports

w, =0.85 [SANS 10162 Partl: 13.8.4 c)]

4.3.3.4 Moment Interaction

Apart from the interaction formula stated in 4.3.3.3, the member must comply to the following

moment interaction formula, as stipulated in SANS 10162 Partl: 13.8.2. Thisis asfollows:

M [SANS 10162 Part1: 13.8.2]

X

where
My = the ultimate moment present in the member
M = the moment of resistance of the member, defined as stipulated in either 4.1.2.1 or
4.1.2.2 depending on whether the member is laterally braced or not.
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4.3.4 Member strength and stability of class 3| — shaped sections and
Channel sections

For the case of class 3 | and H sections as well as Channel sections, design is applied according to
SANS 10162 Partl: 13.8.3 Member strength and stability-All classes except class 1 and 2 | shaped
sections. The design procedure is similar to the design procedure in 4.3.3 except the interaction
formulaused is slightly modified. Thisis shown below:

& + % £1.0 [SANS10162 Partl: 13.8.2]

C

For the calculation of the compressive resistance of Channel profiles, the procedure mentioned in
4.2.4.2 isfollowed.

Another difference occurs in the calculating of the moment of resistance as the formulae

M, =FxZ, X axdM =27 > arereplacedby M, =F xZ ¥ and M =Z_ > (SANS

10162 Partl: 13.5 Bending-Laterally supported members) respectively.

4.4 Axial tension and bending

The design of amember subjected to combined bending and axial tension shall be done according
to SANS 10162 Partl: 13.9 Axial tension and bending. Within the scope of thisthesis, the
calculation of tensile strength of a member was limited solely to the strength of the member itself.

The strength of the member due to the connections at its ends was not included in the design.

4.4.1 Maximum slenderness ratios

According to SANS 10162 Part1 10.2.2, the maximum slenderness ratio of a member in tension
shall not exceed 300.
The slendernessratio is calculated as follows:

% £300 [SANS10162: Partl: 10]

where
K = the effective length factor of the member.
L = the actual length of the member.

r = the appropriate radius of gyration for the particular axis under consideration.
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4.4.2 Effective length factors

This set of effective length factorsis used in the lateral torsional buckling part of the design of
tension beams. Where tension beams have no restraint against torsion, the values of the effective

length factor K in Table 4-4 shall be increased by 20%.

For tension beams that are provided with members giving effective lateral restraint to the
compression flange at intervals along the span, in addition to the torsiona restraint as required

above, the effective length shall be taken as the distance, centre to centre, between the restraint

members.

| mplementation aspects:

As stated in the previous sections, the prototype application allows for the user to
stipulate any additional support along the length of the member in addition to the

effective length factors that are determined by the end conditions of the member, thus

reducing effective lengths for lateral torsional buckling resistance.

Table 4-4 Effective length factors

1 2 3

Effectivelength factor K

Restraint against lateral

bending at supports L oading condition

Nor mal Destabilizing

Unrestrained (i.e. freeto 1.0 12
rotate in plane)

Partially restrained (i.e.
positive connection by 0.85 1.0
flange cleats or end plates)

Practically fixed (i.e. not 0.7 0.85
freeto rotate in plan)

4.4.3 Axial tension and bending design

Members are proportioned according to the interaction formula as follows:
T M
—4+ M—“ £1.0 [SANS 10162 Part1: 13.9]

r r

where

Ty = the maximum factored tensile force occurring along the member

33
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| mplementation aspects:

The calculation of tensile strength of a member by the prototype application was limited
solely to the strength of the member itself. The strength of the member due to the
connections at its ends was not included. The tensile resistance is therefore calculated in

the following sections.

T, =FxA %, [SANS 10162 Part1: 13.2asubclause )]

where
T, = the tensile resistance of the member
® =09
Ag =the gross area of the member, i.e. the area of the entire cross section of the member.
fy = the yield stress of steel
The value of M, is calculated according to SANS 10162 Part1: Bending-laterally supported
members.
M, for profilesof class1 and 2:
M, =F X, ><fy
where
M, = the factored moment of resistance
® =09
Zp = the plastic section modulus of a section
fy = the yield stress of steel
M, for profiles of class 3:
M, =FXZ X,
where
M, = the factored moment of resistance
® =09
Z. = the élastic section modulus of a section
fy = the yield stress of steel

Furthermore, the member shall resist the following interaction criteria as well.

For profiles of class 1 and 2, the member shall be proportioned such that,

T X2
M, R o o)
M M, %A

r
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where

M, = the maximum factored moment occurring along the length of the member

Ty = the maximum factored tensile force occurring within the member

A =the gross area of the section

The value of M, is calculated according to either SANS 10162 Part1:13.5 Bending-laterally
supported members or SANS 10162 Partl: 13.6 Bending-laterally unsupported members,

depending on whether the member is laterally supported along its length or not.

a) Laterally supported members
M, =F X, ><fy
where
M, = the factored moment of resistance
® =09
Zp = the plastic section modulus of a section
fy = the yield stress of steel

b) Laterally unsupported members
When M > 0.67 M,

p

& M, 6 i
M, =1.15% XM ¢1- 0.28—— , but not exceeding F XV
e ad

When Mg <0.67 My
MI’ :F )4\/ICT

with

M, =Zpl %,

2
M, =P ey sex+EED | o
K y SKH g !

W, =1.75+1.05% + 0.3%%*£25
where
M, = the factored moment resistance

M, = the plastic moment

My = the yield moment
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M = the critical elastic moment of an unbraced member.

F =09

k =theratio of the smaller to the larger ultimate end moment at opposite ends, positive for
double curvature and negative for single curvature.

ly = the moment of inertia of the section about its weak axis.

E = elastic modulus of steel

G = shear modulus of steel.

J=St. Venant torsion constant.

Cw = warping torsion constant, equal to O for structural hollow sections,

K = effective length factor.

L = Unbraced length of member.

For profiles of class 3, the member shall be proportioned such that,

M, - T, %, £10
M, M, A
where

M, = the maximum factored moment occurring a ong the length of the member
Ty = the maximum factored tensile force occurring within the member

A = the gross area of the section

The value of M, is calculated according to either SANS 10162 Part1:13.5 Bending-laterally
supported members or SANS 10162 Partl: 13.6 Bending-laterally unsupported members,
depending on whether the member is laterally supported along its length or not.

a) Laterally supported members
M, =F X, >1‘y
where
M, = the factored moment of resistance
® =09
Z. = the elastic section modulus of a section
fy = the yield stress of steel

b) Laterally unsupported members
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When M > 0.67 M,

% M, 6 :
M, =1.15F XM, ¢1- 0.28—+, but not exceeding F M
e Mcrﬂ ’

When M < 0.67 My

MI’ :F )4\/ICT
with
M, =Z, %,

2
M, =P g sex+EED | o
K y SKH g !

W, =1.75+1.05% +0.3x* £ 2.5
where
M, = the factored moment resistance
My = the yield moment
M = the critical elastic moment of an unbraced member.
F =09
k =theratio of the smaller to the larger ultimate end moment at opposite ends, positive for
double curvature and negative for single curvature.
ly = the second moment of inertia of the section about its weak axis.
E = elastic modulus of steel
G = shear modulus of steel.
J=St. Venant torsion constant.
Cw = warping torsion constant, equal to O for structural hollow sections,
K = effective length factor.
L = Unbraced length of member.

45 Tension members

The factored tensile resistance of a member subjected to tensile loading is calculated in this section.
It was decided to limit the design of members under axial tension to cross sectional strength, and
not connection strength due to the conditions at the members ends. The design was then simplified
to SANS 10162 Partl: 13.2 Axial compression and connection strength a) (i).

The tensile resistance is then calcul ated as follows:

T =F>A X,
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where
T, = the tensile resistance of the member
® =09
Ay = the gross area of the cross section of the profile
fy=the yield stress of steel

| mplementation aspects:

The prototype application only calculates the general cross sectional tensile resistance of

the steel member. The end connections are not considered.

4.6 Shear resistance

The shear resistance of membersis determined according to SANS 10162 Partl: 13.4 Shear.
The shear resistance, based on elastic analysis, of amember having two flangesis as follows:
V, =f A, X, [SANS 10162 Partl: 13.4.1.1]
where

V, = the factored shear resistance of the member

® =09

A, = the effective shear area

fs = the ultimate shear strength of the section.

The value of fsis taken as 0.66 f, due to the assumption made that there are no web stiffners present.
The effective shear areais taken as the area of the web of the profile, h(t,).

For sections having only one flange, the shear stress at any point on the cross section of the profile
may not exceed 0.66 X .

The shear stress of the cross section at a particular cut is calculated by the formula

t_V><A*>q
A X

where

T = the shear stressin the section

V= the applied shear force

A" = the partial area of the cross section at the particular cut
A =thetotal areaof the cross section

| = moment of inertia of the total cross section
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5 Structural steel sections

Theterm “structural steel” is used to define steel members whose primary purpose is to support the
loads or resist the forces which act on a structure. The main aim of this thesiswasto develop a
framework for the design of hot rolled steel sections according to SANS 10162-1:2004: The
structural use of steel Partl: Limit states design of hot-rolled steelwork. Thus the types of rolled
steelwork used in the design process developed in thisthesis are:

Hot rolled steel sections

Structural hollow sections manufactured according to SABS 657-1 (cold formed, non-stress

relieved).
The following sections describe the types of steel profiles used in the prototype application and the

classification of these profilesfor effective design.

5.1 Classification of steel sections

General: For the purpose of the design of elementsin compression in SANS 10162 Part1, the
structural steel sections used have to be designated as class 1, 2, 3 or 4. Members in compression,
whether axial or flexural compression, are subject to certain limits on width — thickness ratios of
their cross sections to ensure that they will not buckle locally under load. The behaviour of a
member, within a structure, is dependent on its classification. Thisis done according to SANS 10162
Part1: Width thickness ratios — Elements in compression where the classification of elementsis

dependent on their respective maximum width — thickness ratios.

Classification: The classification system implemented divides steel profilesinto certain classes
describing their cross sectional local buckling behaviour under load. Once a profileis classified, the
appropriate design procedure is used for that specific class of steel profile.
The classes are defined as follows:
a) Class 1 sections (plastic design sections) will permit attainment of the plastic moment and
subsequent redistribution of the bending moment.
b) Class 2 sections (compact sections) will permit attainment of the plastic moment but need
not allow for subsequent redistribution of the bending moment.
c) Class 3 sections (non — compact sections) will permit attainment of the yield moment.
d) Class4 sections (slender sections) will generally have local buckling of elementsin

compression at the limit state of structural resistance.
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The classification process is dependent on cross sectional geometry of the steel profile. The
determination of the type of class a steel profile belongs to is determined by the width to thickness
ratio of portions of a stedl profile’'s cross section.
The value of the maximum width — thickness ratio (W) is calculated by the formula:

b

t
where

W = the width — thickness ration of the specific section

b = the nominal width of the section

t = the nominal thickness of the section
The value of W is calculated for both the web and the flange of the respective steel section. The
definition of b and t is defined differently for the web and the flange of the steel profile’s cross
section. The value of the nominal width (b) of the steel section is defined in either SANS 10162
Partl: 13.3.1 or 13.3.2, depending on the layout of the af orementioned cross section.
Below isan extract from SANS 10162 Part1: 11.3 Width and thickness.
For elements supported along only one edge parallel to the direction of the compressive force, the
value of b is calculated as follows:

b for b for
For legs of angles, flanges of LR flange
channels and stems of tees:
the full nominal dimension. b for b for
web web
For flanges of beams and tees:
one half of the full nominal | or H sections Channel sections
dimension b
or b
For elements supported along two |ange, -
edges paralld to the direction of the b for
b
compressive force, the width b shall web
be defined as follows: Tee sections Angles
For flanges of rectangular
hollow sections, the clear Figure 5-1 Width values used for some common steel profiles

distance between webs less the

inside corner radius on each side.
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Figure 5-1 shows the value of b for both the b,

web and the flanges of some common steel
r
t

cross sections. For steel profiles such athese,

the overall classification is based on the —b-at d=b
1
highest class obtained between the web and —
the flange. Rectangular Circular
. . . hollow sections hollow sections
The value of t in the width — thickness
relationship is the nominal thickness of the Figure5-2 Values of b and t for some hollow sections

web or flange of the section. Thisvalueis
dependent on the type of steel profile. For tapered flanges of rolled sections, the thicknesst is taken
as the nominal thickness halfway between the free edge and the corresponding face of the web.

Vaues of b andt for some typical structural hollow sections are illustrated in Figure 5-2.

Class definitions: For steel sections that have both web and flanges the maximum compression
class calculated istaken as governing. Structural steel sections are classified according to the type
of compression present in the member. This compression is either axial compression, flexural
compression or combined axial and flexural compression. The class definitions are defined in SANS
10162: Partl Table 3 Maximum width to thickness ratios — Elements in compression as well as

SANS 10162: Partl Table 4 Maximum with to thickness ratios — Elements in flexural compression.

Axial compression: Table 5-1 illustrates the limits that determine the class of a section that is
subjected to axial compression using the maximum width — thickness ratio calculated. All profiles
that have width — thickness ratios that fall within the limits of the inequalities shown are designated
as class 3 profiles. All profiles that have width — thickness ratios that exceed the following
inequalities are taken as class 4 profiles. The values of fy in the formulae is the ultimate yield stress

of the applicable steel profile or section.

Table 5-1 Width-thickness ratios: Elementsin compression

1 2
Description of element M aximum width-to-thicknessratio
W
Elements supported along one edge
Flanges of 1-sections, T-sections, and channels % £ f/%;

Legs of angles, plate girder stiffners
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2

Description of element

M aximum width-to-thickness ratio

W

Stems of T-sections

t

b

340

Ly

Flanges of box sections,

Flanges of rectangular hollow sections

lines of fasteners or welds

Flange cover plates, and diaphragm plates between

t

b

670

i

Webs supported on both edges
Perforated cover plates b c 840
t \/g
Circular hollow sections d c 23000
t fy

Flexural compression: Table 5-2 is used to determine the class of a section that is subjected to

42

flexural compression and or combined flexural and axial compression. For steel profiles with both a

web and aflange, classification is done according to the individual classification of both the web

and the flange. The maximum between these two values is taken as the overall classification of the

steel profile.

Table 5-2 Width - thickness ratios: Elementsin flexural compression

1 ‘ 2 3 4
Section classification
Description of element in
) Class1 Class 2 Class 3
compression
Flanges of 1-sections or
T-sections
Plates projecting from
compression elements
b 145 b 170 b 200

Outstanding legs of pairs
of anglesin continuous
contact with an axis of
symmetry in the plane of
loading
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Section classification

Description of element in

) Class1 Class 2 Class 3

compression
s ¢ b£145 b£170 b£340
ems of T-sections —L——= —£— —f —
Flanges of rectangular b . 420 b 525 b . 670
hollow sections t ﬁ t \/E t f,

Flanges of box sections

Flange cover plates and

b c 525 b c 525 b 670
diaphragm plates TR A TR
_ t \/g t \/g t fy
between lines of
fasteners or welds
e 0 e e 0
Webs h—£@ 1- 0,39 Cu My 1700 & 561 Cu + h—£@ 1- 0,65 Cu .
tw fy FCy ty \/g é FCy 2 tw fy FxCy 2
_ _ d 13000 d 18000 d _ 66000
Circular hollow sections — — £
t fy t fy t fy

Steel sections that exceed the limits for class 3 sections were designated as class 4. The value of fy
in the inequalitiesin Table 5-2 is taken as the ultimate yield strength of the steel profile under
consideration. The value of ®, the resistance factor of steel, istaken as 0.9 for the inequalitiesin
Table 5-2.

Implementation aspects: With the classification process defined it was decided to further
subdivide the steel sections into groups depending on their cross sectional symmetry. This was done
due to the fact that many of the design procedures implemented in SANS 10162 Partl require
information about cross sectional symmetry of the steel members. The groups are defined as
follows:

a) Bi —symmetric sections are sections with two axis of symmetry

b) Mono—symmetric sections are sections with one axis of symmetry

c) A —symmetric sections are sections with no axis of symmetry
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This further classification was used in the design process that was implemented in the framework of
thisthesis. Furthermore, steel profiles classified as greater than class 3 profiles by Table 5-1 and
Table 5-2 were not considered.

When selecting a particular profile, the user has the option to select the type of steel grade that is
applicable. Any steel grade may be defined, depending on the preference of the user
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6 Design Elements

In this chapter the use and creation of specialized 2 dimensional elements used for the design of

structural members is devel oped.

6.1 Concept of Design Elements

Design Elements: A Design Element is a specialized element used to represent a particul ar
structural member for design purposes. These specialized elements are created to provide adequate
design information for the design process. A finite element model of a structure does not contain
sufficient information to execute a proper design on the members it represents. Performing a design
directly on an analysed finite element model causes uncertainty about the design parameters used
given the boundary conditions used. By combining the information provided by the finite elements
within the finite element model with the design information provided by the Design Elements, a
more sufficient and controlled design can be achieved.

A Design Element forms the link between the design process and the finite element model, allowing
for the design processes to interpret the finite element model in a manner that suits the appropriate

design procedure.

Composition: In order to create the link between the design model that consists of Design
Elements, and the finite elements in the finite element model, each Design Element needs to have

information about which portion of afinite element model it represents.

A Design Element can consist of one or

many Euler beam finite elements provided o5

. . . e4
they form a continuous, straight line macro e3

element. A Design element can therefore
span over a number of finite elements and be
Design Element d

viewed as a single member as shown in
Figure 6-1. Shown inthe figureisasingle

Design Element consisting of three finite

- Figure 6-1 Composition of a Design Element
dements,{d} ={e, &, €,} . Thefinite J P J

elements included provide the Design Element with their loading information, internal forces as

well as the displacements and rotations of their degrees of freedom
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A structural member that is modelled by a number of finite elementsis now represented by asingle
element, namely a Design Element, which in turn has reference to al the appropriate finite

elements. A Design element consists of a start finite element, an end finite element and internal

finite elements. Thisis shown in Figure 6-2.
end element

The start and element is interchangeable internal element J/

e4
e3

e5

depending on the local x-x axis of the start element
Design Element. The axis system of a e2
Design Element is discussed later.

Design Element d

A Design Element can contain portions of

finite e ements as well as entire finite

elements. This allows for the design model Figure 6-2 Finite elements of a Design Element

to be independent on the topology of the

finite element model, while remaining dependent of the geometry of the finite elements of that same
model. By stipulating an offset along the start or end finite elements, a Design Element can have its

end points independent of the nodes of the

included finite elements. Thus aDesign
Element is capable of including portions of
finite elements. This functionality further

allowsfor greater control over the design

model, providing the ability to control any \ Design Element d
differences in member composition between %S

the finite element model and the design
model. Asillustrated in Figure 6-3, Design

Figure 6-3 Offsetsin a Design Element
Element d consists of five finite elements,

{e.e,, e, 6,6} Thestart offset isequal to As and the end offset is equal to Ae. These offsets,

{D,,D,}, are measured from the furthest nodes of the start and end finite element of the Design

Element. The terminal elements of the Design Element are not affected by the presence of the
offsets. These offsets stipulate the end points of the Design Element relative to the start and end

finite e ements.
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Sector Points: The end points of a Design Element are called Sector Points. A Design Element
includes two Sector Points. These are a start Sector Point and an end Sector Point. Sector Points can

be placed at any place along the length of afinite element. This allows for the end points of a

Design Element to be independent of the M
end points of afinite element as mentioned a
earlier. A Sector Point hasaglobal x andy
coordinate that is used to position the \/A'\
Sector Point along the length of afinite
element. A Sector Point has no effect on the

Sector Points

behaviour of the Design Element or on the _ _

Figure 6-4 Sector Points
design process. A Sector Point merely
stipulates the start and end positions of a Design Element, as shown in Figure 6-4. The global
coordinates of a Sector Point are calculated using linear interpolation along the length of the
terminal (start and end) finite elements. For the example shown in Figure 6-4, with the offset, As

measured in the direction shown, the coordinates of the start Sector Point are calcul ated as follows:

X =X 205 + X, {1~ D,) andY iy poine = Yo X0s + You {1- D) . A more detailed description

sector point

of the axis system implemented by the Design Elements is described in the following subsection.

Coordinate System: The coordinate system of the Design Element is athe right hand system. This
was discussed in chapter 3. The local x-x axis runs along the length of the element. Its direction
depends on the start and end Sector Points of the Design Element, with the local x axis vector
running form the start Sector Point to the end Sector Point. Thisisillustrated in Figure 6-5. The
coordinate system of a Design Element is defined

in a3x3 coordinate matrix. This matrix contains
the local axes of a Design element as unit vectors
in the global coordinate system. The global
coordinate system is described in chapter 3. Each G

™ start Sector Point

column of this coordinate matrix isa 3

dimensional unit vector representing the direction
Figure 6-5 Local x axis
and orientation of a particular local axis. These
vectors are the local x axis vector, local y axis vector and local z axis vector of the particular Design

Element.
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The coordinate matrix, K, of ageneral Design Element oriented in spaceis as follows:

&, X, X,0

K=&V, ¥y Yot
& 2, Zp

As can be seen in the coordinate matrix, the local x axisis represented globally in the first column,

thelocal y axisin the second column and the local z axisin the last column. This coordinate matrix

is essential for the correct transformation of forces, rotations and displacements from the local

coordinate system of afinite element to that of the local coordinate system of a Design element.

This ensures correct mapping of all the force data provided from the included finite elements. The

orientation of the local axes of the included
finite elements does not necessarily coincide
with the local axes of the containing Design
Element. Thisisillustrated in Figure 6-6.

By transforming the force, rotational and
trandationa datafrom the e ement’slocal axis

system to the local axis system of the Design Figure 6-6 L ocal x axes of included elements
Element, the directions and positions of all the
data are correctly mapped to the Design Element. This transformation is achieved through the use of

the Design Element’ s coordinate matrix, K.

The transformation of the internal forces within afinite element isillustrated as follows:

The local forces of afinite element are transformed to equivalent valuesin the global axis system
by use of the finite element’s own coordinate matrix, Ke. Thisforce vector is then transformed from
the global axis system to the local axis system of the Design Element. Thisisillustrated by the

following equations:
{Fglobal} :[Ke] ){ Fe}
{Fe}=[Kd] ’{ Fglobal}

\ {R} =[K] AK]AR)
where

{ Fgioba} = the global internal force vector.
[K¢] = the coordinate matrix of the finite element.
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{Fe} =theinternal force vector of afinite element.

[Kq] = the coordinate matrix of the Design Element.

{Fg} =the untransformed internal force vector of the Design Element.
Thelocal x — axis vector of the finite elements compared to the local x — axis vector of the Design
Element is co — linear by afactor of 1 or -1. The internal force vector calculated, { Fy}, of the
Design Element has the correct orientation but the incorrect direction. A further factor isintroduced
to transform the internal force vector of the Design element to ensure each internal force has the
correct sign. Thisisthe dotK factor. The calculation of the dotK factor is the dot product between
thelocal x vector of the Design Element and the local x vector of a particular included finite
element. This dot product will either be equal to 1 or - 1. Thisvaueis calculated due to the fact that

internal forces do not transform in the same manner as

external forces. Internal forces have opposite signs

depending on whether they are calculated on a positive

)
N W N i
or negative normal vector. Thisisillustrated in Figure \/") C:/\‘
N

6-7. To account for this change in sign, the calculated &
forces,{F,} , are multiplied with the cal culated dot

N

product between the local x — axis of the Design
Element and a particular included finite element. Each Figure6-7Internal forces
finite element included in a Design element has itsinternal forces transformed in this manner. This
isillustrated by the following equations:
{F} ={F}dotK
with
&, U &K
dotK = ngnE gKez
et &
where
{Fq} =theinterna force vector of the Design Element.
{Fgs} = the untransformed internal force vector of the Design Element.
[K¢] = the coordinate matrix of the finite element.
[K4] = the coordinate matrix of the Design Element.
dotK = the dot product between the local x — axis of the Design Element and a particular

included finite e ement
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Asaresult, acomplete set of internal force datais mapped to the Design Element allowing for the
determination of an internal force at any point along the length of the Design Element.
The transformation of displacements and rotations from the included finite elements to the Design

Element is as follows.

{d.} =([K] K] {a.})

where
{dg} = the displacement vector of the Design Element
[K4] = the coordinate matrix of the Design Element
[K¢] = the coordinate matrix of afinite element

{de} = the displacement vector of afinite element

The transformation of the displacement vector of the finite elementsis similar to that of the internal
force transformation, except for the absence of the dotK factor. Thisis due to the fact that the

displacements do not differ in sign on either a positive or negative face of an element.

Asaresult, all the information calculated by afinite element is passed on to the containing Design
Element, while maintaining sign convention and direction. By creating Design Elements and a
separate design model, a finite element model does not have to conduct the design procedures with
limited and often envisaged design information.

Specializations: The Design Element discussed is a general representation of a structural member.
These elements can represent a variety of structural members, e.g. steel, concrete, timber etc
provided they provide the sufficient information required in the design process. A specialized
Design Element, namely a Structural Steel Design Element is developed and discussed in the next

section

6.2 Structural Steel Design Elements

Definition: A Structural Steel Design Element is a specialized Design Element that is used for the
design of steel members. A Structural Steel Design Element provides additional functionality for
design as implemented by SANS 10162 Partl: Limit states design of hot rolled steelwork. These
elements have the same standard functionality of Design Elements with additional functionality for
the design of steel members. These specialized steel elements are referred to as SSDesign Elements
for the remainder of this chapter. The additional functionality is described as follows.
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Design Type: Design types are representative types of steel members that govern the procedures
used to perform adesign as stipulated in SANS 10162 Part1-The structural use of steel. A steel
member is assigned a certain design type according to the type or types of internal forces present in
the member. These internal forces are the bending moments, shear forces and axial forces
(compressive or tensile). Each SSDesign Element is assigned a certain design type that best
represents the status of internal forces present. By assigning a particular design type to an SSDesign
Element, more control is placed over the implemented design procedures. This allows for control
over which design procedures from SANS 10162 Part1-The structural use of steel are executed on a
steel member.

The various design types and their descriptions are as follows:
BEAM
This design type represents a steel member that has only bending moments and shear forces
present internally. The steel member is designed mainly according to bending resistance.
COLUMN
This design type represents a steel member that has only a compressive axial force present
within the member. The steel member is designed mainly according to compressive resistance.
BEAM COLUMN
This design type represents a steel member that has combined bending with compressive axial
forces present within the member. The steel member is design mainly according to combined
bending and compressive resistance.
CANTILEVER
This design type represents a steel member that has only bending moments and shear forces
present internally. This member has one of its ends free from any vertical restraint. The steel
member is designed mainly according to bending resistance.
TENSION
This design type represents a steel member that has only axial tensile forces present within the
member. The steel member is designed mainly according to tensile resistance.
TENSION BEAM
This design type represents a steel member that has combined bending with axial tensile forces
present within the member. The steel member is design mainly according to combined bending

and tensile resistance.
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The designer has the choice to assign one of the above design typesto a particular steel member.
These design types do not affect the composition of the SSDesign Element, but instead just

determine the design procedures used.

Rotation: An SSDesign Element has the additional ability to rotate about it’slocal x —axis. This
rotation angle, 6, orientates the cross section of the steel profile that is used to represent the
SSDesign Element. This alows for the steel member to be

rotated relative to the forces present in the member. As

by
can be seen in Figure 6-8 (a), the steel profile used to
represent a particular SSDesign Element has a rotation F 2
angle, 6, equal to 0. By rotating an SSDesign Element =
about it’slocal x — axis the chosen steel profile can be
(@ (

N

b)

orientated accordingly to thisangle. Thisis shown in
Figure 6-8 (b) with 6 equal to 90°.

This rotation ranges from:

0° £q£360°

where :

q=90> withn={0,1,2,3,4}

Figure 6-8 Rotation of elements

The steel member isrotated relative to the loading present, i.e. the external loading and thus the
internal loading remains stationary relative to the steel member. In effect, only the SSDesign
Element (steel member) is rotated.
In order to rotate an SSDesign Element, a rotation matrix is developed based on the rotation angle
0. The rotation matrix is multiplied by the transpose of the original coordinate matrix of the
SSDesign Element. This procedure then creates a new coordinate matrix for the rotated SSDesign
Element. Thisis shown asfollows:
A 0 00
=%0 cosq sing :
§O -sing  Cosqy
(€] = [RIAK,a]'
where
0 = the rotation angle about the local x —axis of the member.
Knew = the new coordinate matrix of the element.

R = the rotation matrix of the element
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Kog = the old rotation matrix of the e ement.

Once this new coordinate matrix is calculated, the internal forces of the SSDesign Element are
orientated about their new axes accordingly.

By providing this functionality, greater control is placed within the design model that is not
provided by the finite element model. Complete control over cross section orientation relative to

loading orientation is now provided.

Internal Restraints: Internal restraints can be viewed as alateral support on a steel member.
Internal restraints can be applied at points along the length of an SSDesign Element, providing

lateral support for the steel member at those
points. These lateral supports can be applied in Internal restraints O
any number along the length of an SSDesign

Element. They are not present at the ends of an

SSDesign Element. Figure 6-9 illustrates an

SSDesign Element with two internal lateral . . o .
Figure 6-9 SSDesign Element with internal restraints

restraints present along its length.

The concept of an internal support allows for the functionality to reduce buckling lengths of steel

members as needed or to investigate the effects of adequate cross bracing within a structure.

Internal restraints are ridged. They only provide information to the design model, and thus the

design process, that alateral support is present at a particular point. These restraints always provide

adequate lateral support to a steel member as their resistance to lateral buckling is always sufficient.

Internal restraints provide support along either the weak and or strong axis of a steel member.
Strong axisinternal restraints reduce the strong axis Euler buckling length of a member. Weak axis
internal restraints reduce either the weak axis Euler buckling length or lateral torsional buckling

length of a member.

Apart from the positions along the length of a steel member, an internal restraint has a cross
sectional position in amember. These restraints can be applied to the top or bottom flanges of a
steel member or on both flanges simultaneously. Figure 6-10 illustrates the different positions of an

internal restraint on a steel cross section.
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Figure 6-10 Thevarious positions of an internal restraint

The top or bottom flange of a steel member is determined by the position of the member’ s cross
section relative to the local y — axis of the member. The purpose of placing an internal restraint on
either of the flanges of a steel member stems from the implemented design stipulations that lateral
restraint is only effective on the compressive flange of a profile for determination of the lateral
torsional buckling resistance of amember. Lateral restraints placed on non compressive flanges
have thus no effect on the lateral torsional buckling lengths of the SSDesign Element and are
ignored.

Apart from placing individual internal restraints the entire length of a member can be braced against
lateral buckling. An SSDesign Element provides the ability to continuously laterally brace its entire
length against weak axis buckling. As aresult the steel members represented are designed

accordingly to the bracing present.

L oading: The condition of loading on an SSDesign Element has the ability to be changed
depending on the current design parameters. The load on an SSDesign Element can take on two
distinct conditions. The loading condition can be toggled between a condition of stabilized loading
or destabilized loading. The availability of thisload state information is vital for effective
implementation of the design process. These load states apply to flexural members, i.e. members
that are subjected to bending.

For the case of aflexura member supported at both ends, a destabilising loading condition applies
when the load is applied to the compression flange of the steel beam and both the load and flange
are free to move vertically. For the case of cantilevers, a destabilising loading condition applies
when the load is applied to the tension flange of the beam and both the load and the flange are free
to move laterally. These conditions applied to the loading do not affect the status of the analysed
structure in any way. A finite element model does not convey the information asto how aload is

applied to amember. An SSDesign Element, by utilizing the information provided by the finite
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elements, attaches this additional loading information to create a more comprehensive element for
use in the design process.

Implementation aspects: As discussed earlier, the additional functionality of specifying adesign
type for a SSDesign Element is critical for the correct design procedure to be executed. Although
these design types are dependent on internal force type and presence, the procedure of design type
association is not automated. In the pilot implementation, the user has to stipulate manually a design
type of an SSDesign Element. This |leaves the choice of design procedure to the user and not the
implementing framework. By alleviating this functionality from the pilot framework, a more
conservative approach is taken in the design process.

The choice of loading conditions on an SSDesign Element, whether it be stabilised or destabilised,
is not automated by the pilot implementation due to this information not being available from the

finite element model. This choiceis given to the user to apply the loading conditions accordingly.

6.2.1 Structural Steel Restraints

In order for the correct calculation of effective lengths of structural steel members, along with
various other design factors, according to SANS 10162: Partl the concept of structural steel
restraints was developed. These restraints are unlike the restraints used in the finite element analysis
of astructure. Finite element restraints are synonymous with the fixing of certain finite element
degrees of freedom, such as trandation and rotation of the nodes. The structural steel restraints
developed for use with SSDesign Elements provide information about the degree of fixity of the
end points of an SSDesign Element, as viewed from a steel design perspective. Structural steel
restraints are passive in a sense that the do not affect the behaviour of amember under loading.

They merely provide conditions that prescribe certain stages in the design process.

Each SSDesign Element has one structural steel restraint at its ends. Depending on the design type
of the SSDesign Element, these restraints have different constraints that can be applied. The
constraints available to a restraint are dependent on specific design code criteria, in this case SANS
10162: Partl. The various types of restraints and their constraints that can be applied to adesign

element due to the design type are as follows:

Flexural members (supported at both ends): The constraintsin this category can be applied to
either end of an SSDesign Element. The design type(s) that implement such conditions are the
BEAM and BEAM — COLUMN design type.
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All the constraint options refer to the degree of lateral restraint of the compression flange of the
steel member and are taken from SANS 10162 Partl: 10.2.1 Table 1. They are as follows:
Unrestrained (i.e. free to rotate in plan)
Partially restrained (i.e. positive connection by flange cleats or end plates)
Practically fixed (i.e. not free to rotate in plan)
One further constraint is one of torsional support, which can be applied by the user if necessary.
This constraint is can be applied in conjunction to the other constraints.

Cantilevers: The constraintsin this category depend on the ends of an SSDesign Element. The
design type(s) that implement such conditionsisthe CANTILEVER design type.
These constraints are taken from SANS 10162 Part 1: Table 2.
The constraint conditions available at the support or start of an SSDesign Element are as follows:
Built in lateraly and torsionally
Continuous, with lateral and torsional support
Continuous, with lateral support only
The constraint conditions available at the end or tip of an SSDesign Element are as follows:
Free
Lateral restraint only (at compression flange)
Torsional restraint only

Lateral and torsional restraint

Axial compression (pure columnsin trusses): The constraints in this category can be applied to
either end of an SSDesign Element. The design type(s) that implement such conditionsis the
COLUMN design type.
These values are tabulated in SANS 10162 Partl: Annex E Figure E.1.

Pinned

Fixed

Free

Roller

By creating additional restraint conditions other than the mathematical restraints provided by the

included finite elements more control is placed over the design conditions of a member.

56
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6.2.2 Internal Elements

Definition: Aninternal element is simply a portion of an SSDesign Element. Internal elements are
identical to SSDesign Elements in terms of functionality and design use. An internal element is
created from an SSDesign Element. There are two distinct types of internal elementsthat are
spawned by an SSDesign Element. They are:

Weak axisinternal elements

Strong axis internal elements

These internal elements are designed in the same manner as the SSDesign Element that created
them. The purpose of internal element isto create control over design lengths as well as effective
lengths of steel members. Asis often the case in effective design, strength of a member about its
strong and weak axis, or a combination thereof, is required for determination of member adequacy.
The strong axis of an element refersto the local x —y plane of the element while the weak axis
refersto the local x — z plane of the element. Figure 6-11 illustrates the two buckling planes of an
SSDesign Element. The internal elements of an SSDesign Element contains and controls all the

information regarding the strength of a member

about the strong and weak axes. These elements

represent the structure of an SSDesign Element at a e
weak and strong axis level. Each internal element

represents an unbraced portion of the parent

element’ s strong and weak axis buckling length. X

Every SSDesign Element hasone strong axisinternal | " "Trmeeeeeeooooooemo o7
element and at least one weak axis internal element. weak axis buckling

All design calculations referring to the strong axis Figure 6-11 Buckling axes of a member
length of an SSDesign Element are executed on the

element’ s strong axis internal element. All design calculations referring to the unbraced weak axis
length of an SSDesign Element are executed on the element’ s weak axisinternal element(s).
Internal elements obtain al the necessary data, such asinternal forces etc., from the parent
SSDesign Element which in turn obtains the data from the included finite elements. Internal
elements span between points of internal restraint present along the length of an SSDesign Element.
For this purpose, the restraints present at the ends of an SSDesign Element are viewed asinternal

restraints as well.
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Strong axisinternal elements: Every SSDesign Element has a single strong axis internal element.
This element isidentical to the parent SSDesign Element and spans from one end of the SSDesign

Element to the other. This element represents

an SSDesign Element’ s strong axis. An

strong axis internal element

y

SSDesign Element’ s strong internal element is
illustrated in Figure 6-12. Thisinternal element
gpans the entire length of the SSDesign

? Design Element d

Element. The strength of the strong axis of an

SSDesign Element is cal culated from the Figure 6-12 A strong inter nal element of an SSDesign

attributes of its strong axis internal element. Element

Weak axisinternal elements. Weak axisinternal elements represent the unbraced portions of an
SSDesign Element’ s weak axis. In the implemented design procedures for steel members
(SSDesign Elements), members that are provided with effective lateral support at the compression
flange at intervals along the span, the length of the member shall be taken as the distance, centre to
centre, between the lateral supports. Each portion of a member is designed as a separate member
with all relevant design data taken from the specific portion. In order to maintain correct record for
the various effective lengths or portions of members that are to be tested in the design process, weak
axisinternal elements are created. Weak axisinternal elements represent the effective lengths

(portions) of amember that are created due to lateral support at points along the span.

Wesak axisinternal elements are created between points of lateral restraint along the length of an
SSDesign Element. In

the case where no weak axis internal elements

internal restraint is
present or applicable, /

theseinternal elements

—

internal restraint

span the entire length of
the SSDesign Element. T Design Element d

Each internal e ement internal restraint

has its own set of
loading datathat is

Figure 6-13 Weak axisinternal elements of an SSDesign Element

relevant to that particular ssgment (portion) of an SSDesign Element. Each internal element can be
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viewed as a structural steel member on its own. As can be seen in Figure 6-13, an SSDesign
Element with two internal restraints creates three internal el ements. The adequacy of an SSDesign
Element is about its weak axis is determined by the member strength of these internal elements.

Implementation aspects: In the prototype application, the design procedures are performed on the
internal elements that an SSDesign Element produces, and not on the SSDesign Element itself. An
SSDesign Element is used as the connection between the finite elements and the member it
represents. All internal elements are created automatically in the prototype application by an
SSDesign Element. If all the internal elements of an SSDesign Element are deemed adequate by the
design process, the SSDesign Element as a whol e discrete member is taken as adequate.
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7 Design Set

In this section the concept of a Design Set isintroduced. Their function in design in general as well

as in the prototype application is described.

7.1 Concept of Design Sets

General: The concept of a design set was developed to provide uniformity of chosen profile types
for common, repetitive member geometry of a structure. By dividing a structure into representative
parts, members with similar functions in a structure can be designed as a single entity. These
representative parts of a structure can be viewed as structural component sets as they from sets of
common structural members. Each structural component set is designed with a particular profile
type. For example, all members that are used as columns in a particular structure can be grouped
together to form a structural component set of columns of a structure. This set of members can be
designed together with a particular profile type preferred by the designer for use in columns.

These “structural component sets’ are called Design Sets.

Design Sets: Design Elements that represent particular members with similar functionality and
layout within a structure can be grouped together to form Design Sets. A Design Set allows for each
part of a structure to be designed separately from the whole structure. The mathematical
representation of a Design Set is as follows:
Design Set S= {Design Element E | E is an element of a structural component set}

={E,E, E,, E,,...... , En}

Each Design Set and its components, namely Design Elements, are designed with a particular
profile type relevant to that part of the structure which the Design Set represents. Each of the
Design Elements present in the Design Set is designed accordingly with the particular profile type
of the Design Set. Design Sets allow for only the relevant parts of a structure to be designed with a
particular profile, with other parts of a structure to be designed with other suitable profiles. This
creates a more cost effective design procedure by eliminating redundant design on members with
profiles that are better suited to other parts of a structure. Design Sets allow for more control over
the types of profiles and their association with particular membersin adesign. Design Sets are
independent on the type of member, i.e. steel, concrete, timber etc, as they are independent on the

design procedures implemented.
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Implementation aspects: In the prototype application, each Design Set is assigned a set of profiles
by the designer. The membersincluded in a Design Set are designed accordingly to these profile
sets. Each profile set contains one particular type of profile; however profile types between a
number of Design Sets may differ. This creates the possibility of multiple profile types present in a
design.

An example of two Design Setsisillustrated in Figure 7-1. As can be seen from the figure, two

Design Sets, namely Beams (A) and Columns (B),

group together parts of a structure with similar
purpose. Design Set A can be assigned a set of H- Design set: A, Beams
profiles to which a design can be performed while
Design Set B can be assigned a set of Channel

profiles. Thisis an example of multiple profile types - >

Design set: B, Columns

being available in the application.

Each Design Element created in the design model is Figure7-1 Design Sets
assigned to a particular Design Set depending on the preference of the user. All the Design
Elements within a particular Design Set are designed accordingly with the profile type chosen for
the enclosing Design Set. Once the design procedures are complete, each Design Element in a
Design Set has a set of adequate profiles taken from the profile set of the Design Set. Thisis
represented mathematically as follows:

Profile set of Design Element i (PS;):

PS, ={pl set of profile types AND p is adequate}

p = aprofile

To create uniformity within a Design Set, the

Design set
profile set

intersection of all the adequate profile sets of the PSs

included Design Elementsis calculated and passed on
asthe overall adequate profile set of the entire Design
Set. Thisisrepresented as follows:

Profile set of Design Set s (PS,)

PS, =PS;, CPS.,CPS,,C....CPS;,

where
PSen = the adequate profile set of the n" Des gn Figure 7-2 Design Set consisting of 3 Design
Element Elements

Figure 7-2 illustrates the intersection of the profile sets
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of 3 Design Elementsin a Design Set. The shaded area represents the intersection of the adequate
profile sets of all Design Elements.

By creating the intersection of the profile sets of each Design Element, an overall adequate profile

set iscreated, i.e. this set of profiles that are adequate for all the membersin a particular Design Set.
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8 The Development and Implementation of the Computational
Framework

An object oriented framework for the design of structural steel membersis developed and
implemented for all types of prescribed steel members according to SANS 10162: The structural use
of steel Partl: Limit states design of hot rolled steelwork — 2005.

The scope of the design framework does not include the structural analysis of the building under
design consideration. A structural analysis framework has been developed in a separate study, as
was aframework for steel connection design. The seamless integration of the various frameworksis
the scope of future study. All the frameworks have a basic structure that makes them fundamentally
compatible. For the devel opment of the design framework it was decided to transfer analysis results
and datain auseful format which implements an interface specified by the design framework. The
analysis results are contained in .model files. These files contain information about the analysed
structure that is to be designed. These .model files are used by the framework to both display and
obtain all the relevant analysed results of the finite e ement models. The details of these model files

are shown in Appendix A.

A further requirement for the framework is access to the range of hot rolled steel profiles and their
cross sectional properties. Thisis achieved through the use of an external database that stores all the
relevant properties about the available profile types and is read during the relevant part of execution
of the framework. The external database used is a Microsoft Access database. This database
contains the following tables:
@ Angul
This table contains all the necessary properties of unequal leg angle profiles
@ Angel
This table contains all the necessary properties of equal leg angle profiles
@ Chanpf
This table contains all the necessary properties of parallel flange channel profiles
@ Chantf
This table contains all the necessary properties of tapered flange channel profiles
@ CrcHS

This table contains all the necessary properties of circular hollow sections
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@ Hsecpf
This table contains all the necessary properties of parallel flange H — profiles.
@ | secpf
This table contains all the necessary properties of parallel flange | — profiles.
@ lsectf
This table contains all the necessary properties of tapered flange | — profiles.
@ RecHS
This table contains all the necessary properties of rectangular hollow profiles.
@ SqHS
This table contains all the necessary properties of square hollow profiles.
@ TfrnmH
This table contains all the necessary properties of T — profiles that were cut from H —
profiles.
g Tfrm
This table contains all the necessary properties of T — profiles that were cut from | —
profiles.
@ Steel Gades

This table contains all the necessary properties of available types of steel.

The complete tables of the database are shown in Appendix B.

The remainder of this chapter will briefly discuss the member design model and the different
packages that provide for the integration of the design process to the design model. Thisincludes
packages such as interface, component, service, model, gui and gui3D.

8.1 Interfaces

Interfaces are used to define the required functionality of objects in the framework. By
implementing the interfaces, the various classes provide the functionality defined by the interfaces.

A class represents an abstraction of areal object e.g. asteel profile.

Advantages of using interfaces: Instances of all classes that implement a specific interface are
equivalent at the functional level defined by that interface. An interface is consequently a

mechanism for establishing an equivalence relation in an object model, which has the advantage
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that the elements of the relation can be dealt with in an identical way. For example, when using
different steel profiles, al steel profilesimplementing thel St eel Profi | e interface will be ableto

provide its first moment of areawhen asked by theProfi | e object.

8.1.1 Interface Hierarchy

Figure 8-1 shows the interface hierarchy that was devel oped for the steel member design
framework. The remainder of this chapter will briefly discuss the details of each interface. In some
cases only the more important methods of the interfaces will be described. Methods required for

internal functionality are not discussed here.

A more detailed description of all the classes and interfaces is described in Java Documentation of
the application.

girterfaces zirterfaces ginterfaces

& 10neDDElement 9 ISRestraint & ISteelProfile

zirterfaces girterface: girterfaces
@ IDiscreteDesignElement @ lInternalRestraint © IClassifiedProfile

girterfaces

) 155teelDesignElement sinterfaces
2 € IMaterial

sirterface:s

airterfaces e ot
@ IGroupedElement L ateria

Figure 8-1 Interface hierarchy

8.1.2 Interface Descriptions

General design elements: All objects that implement the following interfaces form general design
elements. These elements are not specifically aimed at any design procedures or structural type.
These elements can represent any type of structural member of an entire structure, e.g. concrete,
timber, steel etc. These interfaces provide the general functionality for al structural members that

areto be used in adesign model. Such genera functionality include the orientation of an element in
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2 dimensional space, the acquisition of internal forces along the length of an element, information
on external loading, positions of any extreme forces within an element and physical properties of an
element. This functionality provides the basis for any Design Element as discussed in chapter 6.
Two main interfaces prescribe the functionality of general Design Elements. The | OneDEl enent
prescribes the orientation of a Design Element. This interface provides all the functionality to
position a Design Element in atwo dimensional plane. The second interface, namely the

| Di scret eDesi gnEl enent , provides all the general functionality for the calculation of internal
forces and the acquisition of external loading information from the included finite elements of the
Design Element. A third interface, namely | G oupededEl ement , exists to provide the functionality
for aparticular Design Element to belong to a Design Set. The concept of a Design Set is discussed
in chapter 7.

A brief description of these interfaces and their methods is given below.

8.1.2.1 | OneDDEl enent : Orientation of an element

The | oneDDE!l enent  interface prescribes the functionality of general Desi gnEl enent  objects. An
| OneDDE!l enent  object represents a general Design Element with all the necessary attributes for
orientation in atwo dimensional plane. Methods prescribed by thisinterface are:
public double length();
This method returns the length of the design element.
public double[][] getCoordi nateSysten();
This method returns the coordinate system matrix of the design element as described in
chapter 6.
public void setRotationAngle();
This method sets the rotation angle about the local x — axis of the design element. This
rotation angle is obtained from the underlying finite elements.
public doubl e getRotati onAngle();
This method returns the rotation angle of the design element about its x — axis.
public void setRotationMatrix();
This method sets the complete rotation matrix of the design element
public double[][] getRotationMatrix(double[][] crds);
This method returns the complete rotation matrix of the design element.
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8.1.2.2 |1DiscreteDesignEl ement: Forcesinaneement

The Di scret eDesi gnEl enent interface extends the | oneDDEIl enent  and therefore prescribes
additional functionality for Desi gnEl ement and | nt er nal El ement objects. This additional
functionality isto provide methods for acquiring the internal forces and external loading
information of the discrete Desi gnEl ement or | nt er nal El enent . Methods prescribed by this
interface are:
public double getlnternal Force(byte type, double offset);
This method returns an internal force of a design element, depending on the type, e.g.
shear force or bending moment that is required at a provided offset along the length of
the element.
public void getlnternal ForceDi stribution(byte type, double[] val ues);
This method sets the values of a given array to the values of the given type of internal
forces along the length of a design element.
publ i c doubl e[] getExtrenel nternal Forces(byte type);
This method returns adouble array of size 4. Thefirst entry and third entry in the array
isthe position of the smallest and largest internal force of the given type respectively.
The second and fourth entry of the array is the smallest and largest internal force values
respectively.
public doubl e[] get AbsExtrenel nternal Forces(byte type);
This method returns an array of length 4 of the absolute values of the largest and
smallest internal forces of a given type. Thefirst entry and third entry in the array isthe
position of the smallest and largest absolute internal force of the given type respectively.
The second and fourth entry of the array is the absolute smallest and absolute largest
internal force values of the given type respectively.
publ i ¢ doubl e get MaxAxi al () ;
This method returns the maximum axial force in adesign element.
publ i c doubl e get MaxShear Y();
This method returns the maximum shear force in the local y axis of adesign element.
public doubl e get MaxShear Z();
This method returns the maximum shear force in the local z axis of a design element.
publ i ¢ doubl e get MaxMorent _zz();
This method returns the maximum bending moment about the local z axis of adesign
element.

public doubl e get MaxMonent _yy();
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This method returns the maximum bending moment about the local y axis of adesign
element.
public doubl e get MaxTorsion();
This method returns the maximum torsional moment of a design element.
public doubl e[] getEndForces();
This method returns a vector of end forces of a design element.

8.1.2.3 | GroupedEl ement: Grouping elementsin aDesign Set

The | G oupedEl enent interface prescribes the functionality of Desi gnEl ement and
I nt er nal El enent objects that are grouped together for particular design reasons. These objects
contain all the possible methods required for design within a set. Methods prescribed by this
interface are:
public void setDesignSet (Desi gnSet designSet);
This method adds the design element object to a specific Desi gnSet object. The concept
of aDesign Set is discussed in chapter 7.
publ i c DesignSet getDesignSet();
This method returns the Desi gnSet  object of a design element object.

Structural steel elements: The following interfaces all provide the additional functionality for
structural steel design. All elements that implement the following interfaces have the necessary
functionality to represent steel members in the design model along with the general functionality as
described by the previous interfaces for genera design elements. Additional counterparts for usein
steel design along with the steel members as described in chapter 5 are developed by the following
interfaces. These include the restraints of a member, internal elements, internal lateral restraints and
any other design information that is required for steel design.

The| sst eel Desi gnEl enent interface provides all the additional functionality to design steel
members. This interface specialises a general Design Element to form a steel design member,
namely an SSDesign Element. This specialized design element is discussed in chapter 6.

Thel SRest rai nt interface provides the functionality to create the end restraints of a steel member
that is used to define the end conditions of an SSDesign Element. These steel restraints are
discussed in chapter 6.

Thel I nt ernal Rest rai nt definesthe functionality of internal restraints that may be applied along
the length of an SSDesign Element to form lateral support, as discussed in chapter 6.

A brief description of these interfaces and their methods are described next.
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8.1.2.4 |SSteel Desi gnEl enent :  Steel design properties of an element

The| sst eel Desi gnEl enent interface extendsthe | Di scr et Desi gnEl ement and therefore
prescribes additional functionality for Desi gnEl ement and | nt er nal El ement objects. Only
important methods of this interface are described here.
public doubl e get Ef f Lengt hCr x();
This method returns the effective length of a design element for in plane Euler buckling.
public doubl e getEffLengthCry();
This method returns the effective length of a design element for out of plane Euler
buckling.
publ i ¢ doubl e get Ef f Lengt hMcr () ;
This method returns the effective length of a design element for lateral torsional
buckling.
public double getK();
This method returns the effective length factor of a design element
public void setKCrx(double k);
This method sets the effective length factor of adesign element for in plane Euler
buckling.
public void setKCry(double k);
This method sets the effective length factor of a design element for out of plane Euler
buckling.
public void setKMcr (doubl e k);
This method sets the effective length factor of a design element for in lateral torsional
buckling.
public void setStartRestraint(lRestraint r);
This method sets the start restraint object of a design element.
public void setEndRestraint(lRestraint r);
This method sets the end restraint object of a design element.
public Restraint[] getRestraints();
This method returns an array of the restraints of a design element.
public void setBracedStructure(bool ean braced);
This method sets the status of a design element to whether it is part of a braced structure
or not. The parameter isset tot rue if the structureisbraced and f al se if not.
publ i c bool ean getBracedStructure();

This method returns the braced structure status of a design element.
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public void setBraced(bool ean braced);
This method sets the braced status of the design element. The braced statusisset tot r ue
if the design element is continuously laterally braced along its length and f al se if not.
publ i ¢ bool ean getBraced();
This method returns the braced status of the design element
public void setLoadStablized(bool ean stabilized);
This method sets the load stabilized status of the design element. The load stabilized
statusisset tot r ue if the load is stabilized and f al se otherwise.
publ i ¢ bool ean get LoadStabilized();
This method returns the load stabilized status of the design element.

8.1.2.5 |SRestraint End restraints of asteel member

Thel SRest rai nt interface prescribes the functionality of Rest r ai nt objects used in a steel
member design. A Rest rai nt object represents applicable restraint of a steel member and is
applied at the end points of amember. Important methods prescribed by thisinterface are as
follows:
M ethods applicable to beam and beam — column design:
public void set SSRest Agai nst Tor si on( bool ean val);
This method sets whether a beam or beam — column is restrained against torsion at its
end supports or not. Tr ue if the beam/ beam — column is restrained against torsion and
f al se if not. For simply supported beams or beam columns.
public void setUnRestrai nedSupport ( bool ean val);
This method sets whether a beam or beam — column is free to rotate in plan at its ends or
not (i.e. freeto rotate about its local y —axis). Tr ue if the ends of the beam/ beam —
column are free to rotate in plan and f al se if not.
public void setPartRestrai nedSupport ( bool ean val);
This method sets whether a beam or beam — column is partially allowed to rotate in
plane at its ends or not (i.e. partially free to rotate about itslocal y — axis). Tr ue if the
ends of the beam/ beam — column are partially freeto rotate in plane and f al se if not.
public void setPracFi xedSupport ( bool ean val);
This method sets whether a beam or beam — column is practically built in at its ends or
not (i.e. not free to rotate about itsy — axis). Tr ue if the ends of the beam/ beam —

column are practically fixed and f al se if not.
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Methods applicable to cantilever beam design:
public void setBuiltlnSupport(bool ean val);

This method sets whether a cantilever beam has its supported end built in laterally and
torsionaly or not. Tr ue if the supported end of the cantilever is supported laterally and

torsionally, and f al se if not. Figure 8-3 illustrates a simple example of this support.

Figure 8-2 Built in support
public void setCont Torsi onal Restrai ned( bool ean val);
This method sets whether a cantilever beam has its supported end supported against
torsion and lateral movement while being continuous. Tr ue if the continuous supported
end of the cantilever is supported laterally and torsionally, and f al se if not. Figure 8-3

illustrates a simple example of this support.

Figure 8-3 Continuous support
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public void setContLateral Restrai ned( bool ean val);

This method sets whether a cantilever beam has its supported end supported against
lateral movement only while being continuous. Tr ue if the continuous supported end of
the cantilever is supported only laterally, and f al se if not.

public void setFreeEnd(bool ean val);

This method sets whether a cantilever beam has its free end unsupported both laterally
and torsionally or not. Tr ue if the free end of the cantilever is completely unsupported,
andf al se if not.

public void setlLateral Restraint(bool ean val);

This method sets whether a cantilever beam hasiits free end supported against lateral
movement or not. Tr ue if the free end of the cantilever islaterally restrained, and f al se
if not.

public void setTorsional Restraint(bool ean val);
This method sets whether a cantilever beam has its free end supported against torsion or
not. Tr ue if the free end of the cantilever istorsionally restrained, and f al se if not.

public void setLat TorRestraint(boolean val);

This method sets whether a cantilever beam hasiits free end simultaneously supported
against both torsion and lateral movement or not. Tr ue if the free end of the cantilever is

both torsionally and laterally restrained, and f al se if not.

M ethods applicable to pure column design:

public void setFixed(bool ean val);
This method sets whether a column has its end restrained against translation and
rotation. Tr ue if the end of the column isfixed against rotation and translation and
fal se if not.

public void setPinned(bool ean val);
This method sets whether a column has its end restrained against translation only or not.
True if the end of the column is restrained against translation only and f al se if not.

public void setRoller(boolean val);

This method sets whether a column has its end restrained against rotation but isfreeto
trandate. Tr ue if the end of the column is restrained against rotation while being free to
rotate and f al se if not.

public void setFree(bool ean val);
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This method sets whether a column has its end unrestrained. Tr ue if the end of the

column isunrestrained and f al se if not.

8.1.2.6 IInternal Restraint Internal lateral support of asteel member

Thel I nt er nal Rest rai nt interface prescribes the functionality of I nt er nal Rest r ai nt objects
used in the design process. An | nt er nal Rest rai nt object represents applicable internal restraint
conditions of a steel member. Important methods prescribed by this interface are as follows:

public void setPositiveRestraint(bool ean val);
This method sets whether a steel element islaterally restrained at a point on its positive
flange. Tr ue if the steel element is laterally restrained at a point on its positive flange
and f al se if not. A flangeis positiveif it lies on the positive local y — axis side of the
steel profile.

public void setNegativeRestraint(bool ean val);
This method sets whether a steel element is laterally restrained at a point on its negative
flange. Tr ue if the steel element islaterally restrained at a point on its negative flange
andf al se if not. A flangeis negativeif it lies on the negative local y — axis side of the
steel profile.

public void set PosAndNeg( bool ean val);
This method sets whether a steel element is laterally restrained at a point on both its
positive and negative flanges. Tr ue if the steel element islaterally restrained at a point
on both its positive and negative flange and f al se if not.
public void setStrong(bool ean val);
This method sets whether an internal restraint is a strong axis internal restraint or not.
public void setWak(bool ean val);

This method sets whether an internal restraint is aweak axisinternal restraint or not.

Steel Profiles: Theinterfaces| St eel Profil e and1d assi fi edProfi | e define the functionality
of the steel profiles that are used to represent the members in the design model. The interface

| St eel Prof | e provides the functionality to acquire the cross sectional and material properties of a
hot rolled steel profile. These profiles determine the manner in which the design processes are
executed on a steel member. Thel d assi fi edProfi | e interface provides the functionality to
classify a steel profile according to the manner of attainment of the yield moment by the cross

section. This classification is dependent on the type of compressive forces present in a member.
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8.1.2.7 |Steel Profile Steel profile used for aparticular member or group of members

Thel st eel Profil e interface prescribes
certain functionality of steel Profi | e objects : o
used in adesign model. A Profi | e object the 2 out of page 2 into page
common attributes and methods that are x il x
needed for any profile element. Method |
descriptions used depend on the local axis

—— —— —— ——

system of aProf il e object as shownin Figure
8-4. This axis system is similar to the one used Figure8-4 L ocal axis system

in chapter 6. The only differenceisthat the

local x and z axis are swapped for the profile' s local axis system. Thiswas done to maintain
uniformity of the local axis systems between the Pr of i | e objects used in the application and the
steel profiles defined in SANS 10162 2005 Part1 and the Southern African Steel Construction
HandBook, fifth edition 2005.

Important methods of this interface are as follows:
public double Ix();
This method returns the second moment of area about the local x — axis of the steel
section.
public double ly();
This method returns the second moment of area about the local y — axis the steel section.
public double rx();
This method returns the radius of gyration about the local x — axis of the steel profile,
public double ry();
This method returns the radius of gyration about the local y — axis of the steel profile,
public double getArea();
This method returns the gross cross sectional area of the steel profile.
publ i c doubl e getZpl x();
This method returns the plastic section modulus of the steel section with respect to
bending about the local x — axis.
public double getZply();
This method returns the plastic section modulus of the steel profile with respect to
bending about the local y — axis.
publ i c doubl e get Zex();
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This method returns the elastic section modulus of the steel profile with respect to
bending about the local x — axis.
public doubl e getZey();
This method returns the elastic section modulus of the steel profile with respect to the
local y — axis.
publ i c doubl e[] get Shear Centre();
This method returns the coordinates of the shear centre of the steel profile relative to the
position of the centre of gravity of the profile’ s cross section.
public double getJ();
This method returns the value of the St. Venant torsional constant for the steel profile.
public double getCOw);
This method returns the warping torsional constant of the steel profile. For structural
hollow sections thisvalueisO.
public SSvaterial getMaterial();
This method returnsthe vat eri al object that the steel profile consists of.
public SSvaterial setMaterial (SSMaterial material);
This method setsthe mvat er i al object of astedl profile to the provided type.

8.1.2.8 I1CassifiedProfile Steel profile classified according to the implemented design code

Thel d assi fi edProfi | e interface prescribes the functionality with respect to classification of
Profi | e objects. Profile objects that implement this interface can be classified according to the
classification system used in the design process.
Important methods prescribed by this interface are as follows:
public int getConpressionC ass();
This method returns the compression class of the steel profile.
public int getFlexural Cass(double Cu);
This method returns the flexural or combined flexural and compression class of the steel

profile.

Material: Theinterface| Mat eri al defines a general material object. This interface defines the
general properties and functionality for amaterial object that is required to represent the
composition of a Design Element. The| SSwat eri al interface provides additional methods for the
definition of hot rolled steel used for steel profiles.
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8.1.2.9 |IMaterial A general materia that comprises a general structural member

Thel mat eri al interface prescribes the functionality of Mat eri al objects. A Mat eri al object
represents a general material type with all the necessary attributes for design purposes. Important
methods provided by this interface are as follows:
publ i c double getE();
This method returns the value of Y oung's modulus for the particular material.
public double getd);
This method returns the value of the shear modulus for a particular material.
public double getNu();
This method returns the value of Poisson’sratio for a particular material.
public double getDensity();
This method returns the value of the density for a particular material.
public void set E(double E)
This method sets the value of Y oung's modulus.
public void setE double G;
This method sets the value of the shear modulus.
public void setNu(doubl e nu);
This method sets the value of Poisson’sratio.
public void setDensity(double density);
This method sets the value of the density.

8.1.2.10 |SSMat eri al Structural steel material that comprises a steel member

Thel ssmat eri al interface prescribes the functionality of SSvat eri al objects. An SShat er i al
object represents a steel grade that is used in steel profiles with al the necessary attributes for
design purposes. Important methods provided by this interface are as follows:
public double getFy();
This method returns the yield stress of the particular grade of stedl.
publ i c doubl e getFu();
This method returns the ultimate strength (stress) of the particular grade of steel.
public void setFy(double fy);
This method sets the value of yield stress.
public void setFu(double fu);
This method sets the value of ultimate strength.
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8.2 Components

The components of a structural steel member represent al the physical parts of the member as well
as the influence of the surrounding steel structure. These include steel members, restraints, internal
restraints, and the steel profiles of the members themselves. Some of these components are

necessary for the creation of a specific steel element and some are not.

8.2.1 Component Hierarchy

General: Figure 8-5 shows thefirst part of the component hierarchy that was implemented for the
framework. These components shown represent the physical objects that are used in the application
of the design process. The remainder of this chapter will briefly describe the attribute and methods
of each of these components. Due to the fact that some of the methods of these components pertain
to the interface methods that they implement, which was already discussed in section 8.1, only
methods that are not prescribed by the interfaces of each component will be briefly discussed. A
more detailed description and explanation of each component is provided in the Java

Documentation of the application.

Member components. The components represented in Figure 8-5 are physical objects that
represent the various components used in structural steel design. The components represented are
the SSDesign Elements (steel members) represented by class SSDesi gnEl enent , the end points of
an SSDesign Element represented by class Sect or Poi nt , the end restraints of a steel element
represented by classRest r ai nt , internal lateral internal support represented by class

I nt ernal Restrai nt and theinternal elements of an SSDesign Element, the internal elements,
represented by class| nt er nal El ement . These classes are responsible for the construction of the
physical components in the design model. All the classes are required for the creation of a steel
member apart from classesvat eri al , SSMat eri al and | nt er nal Rest r ai nt . Objects of class

I nt er nal Restrai nt are only created when internal restraints are required at points along the
length of a steel member. Objects of classesmat eri al and SSwat eri al are used to define the
physical material properties of the various hot rolled steel profiles that provide physical form to the
steel members or SSDesign Elements. No specific design procedures are implemented by these
classes and any further functionality required from a design procedure can easily be implemented
viathe interfaces that prescribed the functionality of these components.

The hierarchy of these components allow for the possible inclusion of different design procedures

on the components.
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Figure 8-5 Component hierarchy (1)

Profiles: Figure 8-6 shows the second part of the component hierarchy that was implemented for
the framework. These components represent a selection of hot rolled cold formed and structural
hollow steel sections that were used in the application of the design process. ClassProfi | e
represents a physical general steel profile. ClassHRSt eel Prof i | e represents a specific type of
profile, namely a steel profile with all the necessary attributes and methods required to describe the
physical properties of a steel profile.

The remainder of this chapter following the descriptions of the steel member components described
in Figure 8-5 will briefly describe the attributes and methods of each of the steel profiles. Due to the
fact that some of the methods of these components pertain to the interface methods that they
implement, which was already discussed in section 8.1, only methods that are not prescribed by the
interfaces of each component will be briefly discussed.

A more detailed description and explanation of each component is provided in the Java

Documentation of the application.
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Figure 8-6 Component hierarchy (2)

The hierarchy of these components allows for the possible inclusion of different structural steel

profile types.

8.2.2 Component descriptions

8.2.2.1 Desi gnEl enent

Class Desi gnEl enent implements the interface | Di scr et eDesi gnEl enment and represents a

general design element as discussed in chapter 6. Thisisillustrated in Figure 8-7.

Desi gnEl enent s are the basic form of discrete structural elements that can be designed according

to specific procedures depending on material type and type of design. These elements provide the

basic ordered and structured transition from the discrete finite elements that are used in analysis of a

structure and the design process. Design elements can be used to represent a number of different

material designs, but only structural steel design elements are implemented here.
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Figure 8-7 Design Element hierarchy

The attributes of an object of classDesi gnEl enent are:

public double[][] rotationMtri x;
The rotation matrix of the design element.
publ i ¢ doubl e[] endForces;
The end forces of the design element.
public IDiscreteEl ement istartel ement;
The finite element at the start of the design element.
public |IDiscreteEl ement iendel ement;
The finite element at the end of the design element.
public Set finiteEl ementSet;
The unordered set of finite elements comprising the design element.
private double[] element_Ofset;
The offsets (if any) of the design element from the end nodes of the finite elements at the
extremities. These offsets occur if the ends of a design el ement do not coincide with the
ends of the finite elements at the extremities.
private SectorPoint[] secPoints;
The actual end points of adesign element. They do not necessarily coincide with the
ends of the included extreme finite elements

Additional methods implemented in class Desi gnEl enent :
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public void setStartEl enent (1D screteEl ement iel)
This method sets the start finite element according to the chosen local x — axis of the
design element.

public void set EndEl enent (1 Di screteEl enent iel)
This method sets the end finite element according to the chosen local x — axis of the
design element.

private void arrangeDi screteEl enents()
This method orders the included finite elements of the design element according to their
sequence relative to the local x — axis of the design element.

private void arrangel Nodes()
This method orders the nodes of the included finite elements according to their sequence
relative to the local x — axis of the design element.

public void setStart SegPoi nt ( Sect or Poi nt p)
This method sets the start point of the design element for calculation of the local x — axis
vector of the design element as well as for calculating the offsets (if any) of the design
element.

public void set EndSegPoi nt ( Sect or Poi nt p)
This method sets the end point of the design element for calculation of the local x — axis
vector of the design element as well asfor calculating the offsets (if any) of the design
element.

protected |DiscreteEl ement getDiscreteEl ement fronSeg( doubl e x)
This method returns afinite element object corresponding to a given position along the
local x — axis of the design element.

protected doubl e get Di screteEl enent xfronSeg( doubl e x)
This method returns the local x — axis position of a corresponding finite element from a
given position along the local x — axis of a design element.
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Figure 8-8 SSDesign Element hierarchy

Class ssbesi gnEl ement extends classDesi gnEl enent and implements | SSt eel Desi gnEl enent

aswell as| G oupedEl enent and thus contains all the attributes and methods of an object of class

Desi gnEl enent . Thisisillustrated in Figure 8-8. The separation is made for the reason of

specializing in structural steel design. Structural steel design elements require certain information
about itself that is different for other types of structural design. The calculation of effective lengths

is one specialized function for structural steel elements. The effects of restraints as well asinternal

restraints on stedl e ements are different for other structural elements.

Objects of class ssbesi gnEl enent are commonly referred to in thisthesis as steel elements.

The additional attributes of an object of class SSbesi gnEl enent are:

private Set adequateProfil eSet;

The set of adequate steel sections for the structural element after a design is compl ete.

private Set failedProfileSet;

The set of failed steel sections for the structural element after adesign is complete.

private Set

i nt er nal El enent Set ;

The complete set of internal elements for the steel element. Internal Elements are
discussed in chapter 6.

private SSInternal El enent sl nternal Segnent;
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The strong axis internal element of the steel element which for the purposes of this
framework isthe steel element in its entirety.
private SSInternal El enent[] weakl nternal Segment s_BM
The array of weak axisinternal elementsthat is applicable for the purposes of flexure
design.
private SSInternal El enent[] weakl nternal Segnents_CL;
The array of weak axisinternal elementsthat is applicable for the purposes of axial
compression or combined axial compression and flexure design.
private ArraylList internal RLi st;
Thelist of internal restraints for the steel element ordered according to their position
along the length of the design element.
private ArraylLi st strongAxi sRestraints;
The ordered (according to position along the local x — axis of the member) list of strong
axisinternal restraints for the steel elements.
private ArraylLi st weakAxi sRestraints;
The ordered (according to position along the local x — axis of the member) list of weak
axisinternal restraints for the steel elements.
public byte designtype;
The design type of the steel element, eg. BEAM, COLUMN etc.
publ i ¢ bool ean braced,;
The status of whether the steel element is continuously braced along its length or not.
private Restraint[] restraints;
The end restraints of the steel element.
private DesignSet designSet;
The design set to which the steel element belongs.
publ i ¢ bool ean bracedStructure;
The status of whether the steel element is part of a structure that is braced or not.
publ i ¢ bool ean | cadStabili zed,;
The status of whether the steel element hasits loading stabilized or not.
public doubl e k;
The effective length factor of the steel element.
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8.2.2.3 SSI nt er nal El enent
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Figure 8-9 Internal Element hierarchy

Class ssl nt er nal El ement implements interfaces | SSt eel Desi gnEl ement and | G oupedEl enent

and thus has the al the functionality as prescribed by those interfaces. Thisisillustrated by the

hierarchy represented in Figure 8-9. An internal element object represents a subdivision of a steel

design element into smaller parts for design purposes. Internal elements have the same functionality

as structural steel design elements (SSDesign Elements) and can be used in the same manner for

design purposes, as they represent portions of the steel elements. The concept of an internal element

was discussed in chapter 6. Special attributes of an object of classSSI nt er nal El enent are:

private SSDesi gnEl enment steel El enent;

The parent steel element that generated the internal element object.

public double x1;

The start x — coordinate of the internal element.

public double x2;

The end x — coordinate of the internal element.

private double k;

The effective length factor of the internal element.

private doubl e[] endforces;

The array of end forces for the internal element.

Additional methods implemented in class SSI nt er nal El enent are:

public | SSteel Desi gnEl emrent get El errent ()
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This method returns the design steel element that spawned the internal element object,
I.e., the parent steel design element.

public bool ean i sEl ement ()
This method returns the status of whether the internal element spans the entire length of
the parent design element

publ i ¢ bool ean i sl nternal El emrent ()

This method returns the status of whether the internal element does not occur at either of
the ends of a design element and does not span the entire length of the design element

8.2.2.4 Restraint

ClassRest r ai nt implementsthe interface! St eel Rest rai nt and represents arestraint element as
discussed in chapter 6. Restraints contain the necessary information about the end conditions of a
steel Design Element.
The attributes of an object of classRest rai nt are:
private bool ean[] constraints;
The array of constraints of the restraint.
private byte type;
The design type of the restraint.
publ i ¢ bool ean start CBR;
The indicator for a start restraint, applicable for cantilever beams only, as they have
different end conditions.
public bool ean endCBR,
The indicator for an end restraint, applicable for cantilever beams only, as they have

different end conditions.

Additional methods not prescribed by the interface | St eel Rest r ai nt :

publ i ¢ bool ean[] get Constraints()
This method returns all the toggled constraint values of the restraint object.

public void setConstraints(bool ean[] constraintArray)
This method sets the constraint values of arestraint either on or off depending on the
values specified from the given array. Tr ue if the constraint ison or f al se if the
constraint is off.

public void setConstraintAt(int type, boolean val)
This method sets a specific constraint at a given position either on or off. Tr ue if the

constraint ison and f al se if the constraint is off.
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8.2.2.5 Internal Restraint

Class| nt er nal Rest rai nt implementsthe interface| | nt er nal Rest rai nt and thus has al the
functionality as prescribed by the interface. An object of class| nt er nal Rest r ai nt represents an
internal restraint as discussed in chapter 6. These internal restraints are used in the steel design
procedure and can be applied to any structural steel element in the application.
The attributes of an object of class| nt er nal Rest rai nt are:
publ i ¢ bool ean topfl ange;
The status of whether the internal restraint is applied to the top flange of the steel
section.
publ i c bool ean bottonfl ange;
The status of whether the internal restraint is applied to the bottom flange of the steel
section.
publ i ¢ bool ean weak;
The status of whether the internal restraint is applied to the weak axis of the steel section
publ i ¢ bool ean bot h;
The status of whether the internal restraint is applied to both the bottom and top flanges
of the steel section.
publ i c bool ean strong;
The status of whether the internal restraint is a strong axis internal restraint .
private doubl e position;

The position of the internal restraint object along the length of the steel design element.

8.2.2.6 Sect or Poi nt

Objects of class sect or Poi nt represent the end points of a Design Element. These objects, as
discussed in chapter 6, provide the ability for design elements to have end points that do not
necessarily have to coincide with the end points of the included finite elements. Thus, these objects
represent the end points of a design element. The concept of Sector Pointsis discussed in chapter 6.
M ethods implemented by an object of class Sect or Poi nt are:
public void setCoordinates(double x, double y)
This method sets the global coordinates of the sector point.
public doubl e[] getCoordinates()
This method returns the global coordinates of the sector point.
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Objects of classmat eri al implementsinterface! Mat eri al and represent general material objects
in the application. These material objects are used to represent a general material type used in
structural members. This allows for the ability to add additional material types to the application
and thus allow for greater variation in design for different structural members. All the functionality

of agenera Mat eri al object isdefined by the interface | Mat eri al . Thisisillustrated in Figure

8-10.

8.2.2.8 SSMat eri al
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Figure 8-10 M aterial hierarchy
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Figure 8-11 SSMaterial hierarchy
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Class SSwat eri al extendsclassvat eri al and implements interface | SSvat eri al and thus has all

the functionality as prescribed by the interface. An object of class SSwat eri al represents a steel

material grade that is used for the design of structural steel members. All the necessary functionality

of steel profilesis prescribed by interface | SSmat eri al . Thisisillustrated in Figure 8-11. An object

of classsswat eri al provides all the necessary factors of material strength for steel sections.
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8.2.29 Profile

ClassProfi |l e implementsinterfaces| C assi fi edProf i | e and Conpar abl e and thus has all the

functionality as prescribed by these interfaces. An object of classProf i | e represents a general

profile used as a structural member. This allows the ability to add additional profile types for

different structural members to the application.

The attributes of an object of classProfi | e are:

public String nane;

The name of the profile object.

publ i c doubl e nass;

The mass per unit length of the profile object.

The methods implements by an object of classpProfil e are:

public doubl e getMass()

This method returns the mass per unit length of the profile object.

public void setMass(doubl e mass)

This method sets the mass per unit length of the profile object.

public String getDesc()

This method returns the name of the profile.

8.2.2.10 HRSt eel Profile
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Figure 8-12 HRSteel Profile hierar chy

Class HRst eel Profil e extendsProf i | e and implements the interfaces| St eel Profil e,

I O assifiedProfile andthushasall the functionality as prescribed by these interfaces. An object
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of classHRSt eel Prof i | e represents a general steel section as used in a stedl structural member.
The hierarchy of an classHRSt eel Profi | e isillustrated in Figure 8-12. This allows for the ability
to add additional of steel profiles to the application.
The attributes of an object of classHRSt eel Profi | e are:
publ i ¢ bool ean bi Symm
The status of whether the steel section is bisymmetric.
publ i ¢ bool ean aSymm
The status of whether the steel section is asymmetric.
publ i c bool ean nonoSynm
The status of whether the steel section is monosymmetric.

There are no additional methods implemented in classHRSt eel Profi | e.

8.2.211 I HProfile

Class| HpProf i | e extends class HRSt eel Profi | e and thus has all the functionality as prescribed by
that class. An object of class| HPr of i | e represents a specific profile type, namely an| —or H —

section.

8.2.2.12 Channel Profile
Class channel Profi | e extends class HRSt eel Prof i | e and thus has al the functionality as

prescribed by that class. An object of classChannel Prof i | e represents a specific profile type,

namely a channel section.

8.2.2.13 EAngl eProfile
Class EAngl eProf i | e extends class HRSt eel Prof i | e and thus has all the functionality as
prescribed by that class. An object of classChannel Profi | e represents a specific profile type,

namely an equal leg angle section.

8.2.2.14 UAngl eProfile
Class UAngl eProf i | e extends class HRSt eel Prof i | e and thus has all the functionality as
prescribed by that class. An object of classUAngl eProf i | e represents a specific profile type,

namely an unegual leg angle section.
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8.2.2.15 TProfile

Class TProf i | e extends classHRSt eel Prof i | e and thus has all the functionality as prescribed by

that class. An object of class TPr of i | e represents a specific profile type, namely atee section.

8.2.2.16 Rect angul ar Hol | owProfile

Class Rect angul ar Hol | owPr of i | e extends class HRSt eel Prof i | e and thus has all the
functionality as prescribed by that class. An object of class Rect angul ar Hol | owPr of i | e represents

a specific profile type, namely arectangular or square hollow section.

8.2.2.17 Circul arHol | owProfil e

Class Gircul ar Hol | owPr of i | e extends classHRSt eel Prof i | e and thus has all the functionality as
prescribed by that class. An object of classGi r cul ar Hol | owPr of i | e represents a specific profile

type, namely acircular hollow section.

8.2.2.18 Desi gnSet

Objects of class Desi gnSet are used to represent structural component (structural member) setsin a
structure, as discussed in chapter 7.
Methods implemented by an object of classDesi gnSet are:
public void setCurrent Desi gnType(byte type)
This method sets a design type for al the design elements that are to be created. All
design elements belonging to the DesignSet object will be created with such a design
type.
public bool ean getBracedSt at e()
This method returns the braced state of the whole or portion of the structure that the
DesignSet represents.
public void setDefaultRestraint()
This method sets the default restraints for the design set.
public Restraint[] getDesignSetRestraint(byte type)
This method returns the restraint array of the designset for a particular design type.
public void setChosenProfile(Profile selectedProfile)
This method sets the overall chosen profile for the DesignSet.
public Profile getChosenProfile()
This method returns the chosen profile for the DesignSet. This profileis then the
representative profile that is to be used in the structure or portion of structure that the

design set represents.
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public List getPassedProfileList()
This method returns the overall ordered adequate profile list for the DesignSet. All the

profilesin this list are adequate for every design element that has areference to this
DesignSet.

public Set getLoadedProfileSet()
This method returns the complete set of loaded profiles of the design set. This collection
of profilesisthen used in the design procedure.

publ i ¢ bool ean get Desi gnSt at e()
This method returns the status of whether the DesignSet has been designed or not. Tr ue
if the DesignSet has been designed and f al se if not.

public void setDesignState(bool ean desi gned)

This method sets the design state of the DesigSet.

8.3 Service Classes for Members

General: In the application, the objects that are to be designed and tested are the structural
members themselves. Structural members are recognized and handled differently according to the
different types of internal forces and loading that are present in the member itself. Thisresultsin a
structural member being assigned a design type that isindicative of the procedures that must be
followed in the design process. The design types implemented as discussed earlier are: BEAM,
BEAM — COLUMN, CANTILEVER, COLUMN, TENSION —BEAM, and TENSION. Therefore,
for all structural elements that are to be designed, each design type associated with that structural
member has a different analyser or calculator that is responsible for dealing with the applicable
design procedure. These different analyser or calculator classesreside in theser vi ce package for
structural members. The specific calculator for each design type extends classFact or Cal cul at or
which will be described later in this chapter. The purpose of the calculatorsisto design the
structural members according to the relevant design type as well asto display textual and graphical
feedback of the design. The design procedures implemented are done according to SANS 10162:
Code of Practice for the Sructural Use of Steel: Part 1: Limit states design of hot-rolled steelwork
— 2005 as discussed in the specification in chapter 4. The calculator classes are discussed in sections
8.3.1 and 8.3.2. Therest of the service classes include classes Del Gener at or , Appl i cati on,

Dat aBaseReader and Desi gnPar anet er .

The remainder of this chapter will briefly discuss the service package classes and their
functionality. A more detailed description of the service classesis provided in the Java

documentation of the application.
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8.3.1 Calculator Hierarchy

The calculator hierarchy for the calculators is shown in Figure 8-13. As can be seen from the figure,
all the design types were included in the hierarchy. In order to accommodate changes in the design

procedures or to add additional design procedures, the contents of these classes need to be changed.

® TensionBeamCalculator |— | & FactorCalculator = ® Beam_ColumnCalculator

7 f

3 TensionCalculator & BeamCalculator & ColumnCalculator

Figure 8-13 Calculator hierarchy

8.3.2 Calculator descriptions

AXxis systems: For the purpose of maintaining clear transition of the descriptions of the cross

sectional and member factors used for

A y y

design, the axis system as described by —— ——
SANS 10162 Partl: The Sructural use of N

X into page
Seel was implemented by the design /

z X X

[0

calculators of the framework. Thisis
illustrated in Figure 8-14. All the method

names and descriptions implemented in the A — e —
calculator classes refer to the local axis y
Design Element axis system SANS 10162 axis system

system described by the design code and not
by the axis system developed in chapters 3 Figure 8-14 L ocal axis systems of model and design code

and 6 of the Design Elements.

8.3.2.1 FactorCal cul at or

Class Fact or Cal cul at or provides the general attributes and methods that are needed to analyse a
steel member. These methods calcul ate the dimensionless factors that are common for the design
procedures that are implemented in the application, entire cross sectional resistances of the steel
members as well as other common member resistances used by the various design procedures.
Important methods are as follows:

public static void setEffLengthFactor (Il SSt eel Desi gnEl emrent el)
This method calculates and sets the effective length factors of the steel member.
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public static doubl e getKappa_X(I|SSteel Desi gnEl enrent el)
This method cal culates and returns the k value as calculated from x — axis end moments
of the steel member.
public static doubl e getOrega2_X(| SSteel Desi gnEl enent el)
This method cal culates and returns the m, value as calculated from the «kx value of the
steel member.
public static double getVr(HRSteel Profile section)
This method calculates and returns the shear resistance of a steel profile.
public static double getCrossSecM x(HRSt eel Profil e section)
This method cal cul ates the cross sectional moment of resistance about the local x — axis
of the steel section.
public static double getCrossSecMy(HRSteel Profile section)
This method cal culates the cross sectional moment of resistance about the local y — axis
of the steel section.
public static double getMr(HRSteel Profile section, ...)
This method cal cul ates the torsional flexural critical moment of the steel member.
public static double getCrossSecCr(HRSteel Profile p)
This method cal culates the cross sectional compressive resistance of the steel member.
public static doubl e get GCrossSecTr (| SSt eel Desi gnEl ement el, ...)
This method cal culates the gross cross section tensile resistance of the steel member.

8.3.2.2 Beantal cul at or

Class Beantal cul at or contains the methods and attributes that are needed to design any steel

structural member that is subjected to flexural bending only. Uniaxial strong axis bending, uniaxial

weak axis bending as well as biaxial bending are covered by this calculator.

Important methods implemented are:

public static double getUnsupM x(HRSteel Profile section, ...)
This method returns the unsupported strong axis bending strength of the steel member.
Weak axis bending resistance is covered by the parent classFact or Cal cul at or .
private static void filterProfileSet(Set profileSet, ...)
This method removes all the steel profiles that are not suitable or allowed for use with

the design procedure.

University of Stellenbosch Department of Civil Engineering



94

8.3.2.3 Col ummcCal cul at or

Class Col umcal cul at or contains the methods and attributes that are needed to design any
structural steel member that is subjected to axial compression only.
Important methods implemented are:
.public static SSInternal El enent get LSSegnent ( SSDesi gnEl enent del)
This method returns the longest portion of the steel member that is unbraced against
buckling about its strong axis.
public static SSInternal El ement get LWSegnent ( SSDesi gnEl emrent del )
This method returns the longest portion of the steel member that is unbraced against
buckling about its weak axis.
public static doubl e get FBResi st ance( SSDesi gnEl enent del, ...)
This method returns the flexural buckling resistance of the steel member.
public static doubl e get TFBResi st ance( SSDesi gnEl enent del, ...)
This method returns the torsional buckling or torsiona flexural buckling resistance of
the steel member.
public static doubl e getCr(SSDesignEl ement del, HRSteel Profile p)
This method returns the overall compressive resistance of the steel member.
public static void filterProfileSet(Set profileSet, ...)
This method removes al the steel profilesthat are not suitable or allowed for use with
the design procedure.

8.3.2.4 BeantCol umCal cul at or

Class BeantCol unmCal cul at or contains the methods and attributes that are needed to design any
structural steel member that is subjected to combined flexural bending and axial compression.
Uniaxial strong axis bending, uniaxial weak axis bending as well as biaxial bending are covered by
this calculator. Important methods implemented are:
public static doubl e getCrossSecUlx(| SSt eel Desi gnEl enent is, ...)
This method cal cul ates the factor that takes into account the second order effects of a
deformed member under axial compression, with reference to the cross sectional x axis
of the member.
public static doubl e getCrossSecUly(I| SSt eel Desi gnEl ement is, ...)
This method cal culates the factor that takes into account the second order effects of a
deformed member under axial compression, with reference to the cross sectional y axis
of the member.
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private static double getCrossSecStrengthRati o(l SSt eel Desi gnEl enent is, .)
This method returns the cross sectional strength ratio of a steel member, according to the
appropriate interaction formula.

private static doubl e get StrongAxi sMenberRati o(| SSt eel Desi gnEl enent iel, )
This method returns the overall member strength ratio of a steel member subjected to
uniaxial strong axis bending, according to the appropriate interaction formula.

private static doubl e getBi Axi al Menber Rati o(| SSt eel Desi gnEl enent is, ...)
This method cal culates the overall member strength ratio of a steel member subjected to
bi axial bending, according to the appropriate interaction formula.

public static doubl e getLat TorBucklingRatio(l SSteel Desi gnEl enent is, ...)
This method calculates the lateral torsional buckling strength ratio of a steel member.

The bending resistance is calculated according to lateral torsional buckling strength and
the compressive resistance is calculated according to weak axis buckling. Theratiois
determined according to the appropriate interaction formula.

8.3.2.5 Tensi onBeantal cul at or

Class Tensi onBeantal cul at or contains the methods and attributes that are needed to design any
steel structural member that is subjected to combined flexural bending as well as axia tension. The
axial resistance of the ends of the member are not considered. There are no additional methods for
this calculator.

8.3.2.6 Tensi onCal cul at or

Class Tensi onCal cul at or contains the methods and attributes that are needed to design any steel
structural member that is subjected to atensile axial force only. This axial resistance due to

connection detail is not considered. There are no additional methods for this calcul ator.

8.3.3 Design management classes

Class descriptions and usage: Classes Del Manager , Desi gnPar amet er and Appl i cati on are
concerned with the management and organization of the design model and its components.

Class Del Manager isresponsible for the creation of Design Elements and their components and the
addition of such Design Elements to the design model. This class has control over the creation of all
the internal elements concerned with a particular design element as a result of the presence of
internal restraints. All information that is provided by the finite element model (e.g. finite elements,
nodes, load cases etc) is correctly transitioned to the concerning design element by this class. When

adesign element is created by the framework all the necessary active parameters used by the
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implemented design code are assigned to the design element. Thisis executed by classDel Manager .
Active design parameters are parameters that are concerned with the creation of a Design Element.
Some of thisinformation is not provided by the finite element model and must be stipulated by the
user. The framework provides the ability to adjust the design parameters for a specific design
element as required. These parameters remain active in the framework and all design elements
created are assigned these parameters. These parameters include design type (e.g. BEAM,
COLUMN), load cases from the finite element model and created design sets. Class

Desi gnPar anmet er is concerned with the storage of the currently selected design parameters.

Class Appl i cat i on manages the current design model and the underlying finite element model.
This class provides the ability to interact with components of the underlying finite element model

and the surrounding design model.

8.3.3.1 Del Manager

An object of class Del Manager controls the creation of a design element and is responsible for
adding the design element and all of its components to the design model. All internal elements that
are concerned with adesign element are created at the point of design by this class.
Important attributes of an object of class Del Manager :
private SSDesi gnEl ement del;
The reference to the current design element that is created.
Important methods implemented in class Del Manager :
public void createNew)
This method creates a new design element object for the design.
private bool ean setlnfo()
This method assigns all the necessary and applicable components of afinite element
model to a design element. These components include the selected finite elements.

public static void prepare(SSDesignEl enent del)
This method prepares the design element for the design process by creating all the
internal elements that are applicable for a specific design.

private void setFactors(SSDesi gnEl enent del)
This method sets all the current design factors of the design element that isto be used in
the design process. These include design type, load case and design set.

publ i c bool ean toModel ()
This method adds the current design element as well as all its components to the current

member design model.
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8.3.3.2 Desi gnPar anet er

Class Desi gnPar amet er has references to the considered design parameters that are applicable for a
particular design element as required by the user. This class allows for numerous design elements to
have similar design parameters. These parameters can be edited on an existing design element, if
preferred by the user.
Important attributes of class Desi gnPar anet er :
public static DesignSet activeDesignSet;
The selected design set that to which all design elements shall be added.
public static byte CURRENT_DESI GN_TYPE;
The design type of all currently created design elements.
private static String[] |oadCases;
The reference to the array of all available load cases for the currently loaded finite
element model.
private static String currentlLoadCase;

The reference to the currently considered load case.

Important methods implemented in class Desi gnPar anet er :

public static void setDesignSetActive(Desi gnSet a_Desi gnSet)
This method sets a design set active. This causes all design elements that are created to
be added to that design set.

public static void setDesignType(byte designType)
This method sets the current design type.

public static void setAvail abl eLoadCases(String[] | oadCNanes)
This method sets the available load cases for the design model. These load cases are
obtained from the finite element model under consideration.

public static String[] getAvail abl eLoadCases()
This method returns the names of all the available load cases from the underlying finite
element model.

public static void setlLoadCaseActive(Mdel current FEMVbdel, ...)
This method sets a specific load case active from a given finite element model.

public static String getActivelLoadCase()
This method returns the name of the current load case.
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8.3.3.3 Application

Class Appl i cat i on has references to the loaded finite element model as well asto the current
member design model. This class contains all the necessary methods for working with the
components in both the loaded finite element model as well as the current member design model.
Important attributes of class Appl i cati on are:
private static SSMenmvbdel active_sshdel ;
The current structural member design model.
public static Mdel active_fenibdel;
The current finite element model.
public static SSMemGui gui;
The main graphical user interface.
private static DrawPanel drawPanel;

The drawing surface of the application on which all components are rendered.

8.4 Member Model

Class ssvemvbdel implements interface | Model and represents a structural steel member design
model. Class model allows one to reach all components needed for member design from searching
through the component set of the model. Class SSMenivbdel has reference to a single set that
contains all the components to do with member design in the application. This set isfilterablein a
sense that while it can contain a variety of components, a specific type of component can be found
within the set by applying the correct filtering procedure.

Class ssmvemvbdel has the following attributes:

public Filterabl eSet conponents;

Thisis areference to the filterable set to which all components in the member design
model are added. This set is traversed when looking for a specific component within the
model.

Important methods of an object of class sSSMem\bdel :
public void addConmponent (AppCbj ect conponent)
This method adds a component to the model, and in turn to the filterable set.
public void renoveConponent (AppCbj ect conponent)
This method removes a component from the model, and in turn from the filterable set.

public Iterator iterator(FilterableSet.Filter filter)
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This method returns an iterator with specific filter attributes. Thisiterator allows for the
searching for specific components depending on the filter’ s attributes.

public int size(FilterableSet.Filter filter)
This method returns the number of components in the model that are specific to the type
that is defined by thefilter.

public int size()
This method returns the total number of components that are in the model.

public void clear()
This method removes all the components from the model.

public bool ean isEnmpty()
This method returns the status of the whether the model is empty or not. Tr ue if the
model isempty and f al se if not.

public Set getDesignSetEl ement s(Desi gnSet aDesi gnSet)
This method returns the set of design element included in a given design set.

public void set Mbdel Desi gnSt at e( bool ean desi gned)
This method sets the design state of the model. If the model has been designed, the
statusissettotrue, andf al se if not.

public void anal yseCurrent ()
This method designs all the components that are included in a specific design set in the
model, namely the design set that is active in the application at the time of the design
process.

public void anal yseAll ()
This method designs the model.
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8.5 Graphical user interface

This part of the thesis describes the graphical user interface (GUI) for interaction between the
designer and the application. The GUI facilitates the design task and complements the object

oriented member design framework. Figure 8-15 shows the layout of the GUI.
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Figure 8-15 The graphical user interface layout

8.5.1 GUI Structure

The basic GUI structure of the application is shown in Figure 8-16. This structure shows all the
fixed graphical components. All classes pertaining to the graphical user interface provide
functionality to visually display certain aspects about the options involved in the design model.
These aspects include the display of the design elements themselves, available design sets, design
types, internal restraints, external restraints, available steel profiles and other design options.

The remainder of this chapter will discuss all the classes of the GUI structure as shown in Figure

8-16. A more detailed description is provided in the Java documentation of the application.
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Figure 8-16 The GUI structure
8.5.2 GUI descriptions

8.5.2.1 SSnmentui

An object of class ssmentui  represents the main frame of the application. This frame contains
references to the three main components of the frame, namely the menubar (SSmenivenuBar ), the
toolbar (SSmenirool Bar ) aswell as the panel in the middle (Mai nPanel ) of the frame. This can be
seen in Figure 8-15.
Important attributes of an object of class Ssmentui :
private SSmemvenuBar nenuBar;
The reference to the menu bar of the main frame. Class SSnenMenuBar isdiscussed in
section 8.5.2.2.
private SSmemrlool Bar tool Bar;
The reference to the tool bar of the main frame. Class SSnenirool Bar isdiscussed in
section 8.5.2.3
publ i ¢ Mai nPanel mai nPanel ;
The reference to the main panel of the main frame. Class Mai nPanel isdiscussed in
section 8.5.2.4.

Important methods implemented in class SSnentui :
public SSmemMvenuBar get SSMenuBar ()
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This method returns the menubar of the main frame.
publ i ¢ SSneniTool Bar get SSTool Bar ()
This method returns the toolbar of the main frame.

8.5.2.2 SSnenivenuBar

An object of class SSmemvenuBar represents a menubar of the main frame for the application. The
menubar consists of four menus, namely ‘File’, ‘Profile’, ‘DesignSet’ and ‘Design’. The ‘File’
menu is responsible for opening afinite element model file. In order to create a design model and
make use of the application, afinite element model must be loaded from the ‘File’ menu as
mentioned earlier. The application can be terminated from the ‘File’ menu as well. The various
menus in class SSmemMenuBar hold references to various ‘ pop up’ dialogs and frames that provide
afurther array of functionality to the GUI. These graphical components will be discussed in section
8.5.3. Class ssmemvenuBar extends Act i onLi st ener and isresponsible for listening to all the
events generated by its components.
Important attributes of an object of class SSmemvenuBar :
private JMenu fil eMenu;
The reference to the ‘File’ menu of the menubar. This menu contains two menu items
such as ‘Open’ —to get access to afinite element model file and ‘Exit’ —to exit the
application.
private JMenu profil eMenu;
The reference to the ‘Profile’ menu of the menubar. This menu contains a single menu
item, namely ‘profile database’ —to get access to the database of steel profilesfor usein
the design of steel members.
private JMenu dsMenu;
The reference to the ‘DesignSet’ menu of the menubar. This menu contains asingle
menu item, namely ‘add design set’ —to create additional Desi gnSet objectsfor usein
the application.
private JMenu desi gnMenu;
The reference to the ‘Design’ menu of the menubar. This menu contains atwo menu
items, namely ‘design all’ —to design all the steel members in the application and
‘design current’ —to design al the steel membersin the currently selected design set.

Important methods implemented in class SSrenvenuBar :

public void enableAll ()
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This method enables all the components of the menubar object.
public void disableAll ()
This method disables al the components of the menubar object.

8.5.2.3 SSnmenilool Bar

An object of class SSmenirool Bar represents atoolbar which contains tools for editing and creating
design elements and thus creating a design model. Thisis shown in Figure 8-15. The object consists
of 14 buttons all with certain functionality or ability to invoke functionality. The functionality of
these buttons are namely to: select a finite element, add a sector point on to the ends of adesign
element, edit a design element, add an internal restraint to a design element, get access to the steel
profile database, design the current design set, show the results of adesign in the form of acalc
sheet, display and select different load cases of the finite element model, display the all the internal
force diagrams of a design element, remove particular design elements from the member design
model aswell asto toggle between 2 D and 3 D perspectives of the member design elements. Al
the additional graphical components that these buttons represent will be discussed in section 8.5.3
as mentioned in 8.5.2.2.

8.5.2.4 WMui nPanel

An object of class Mai nPanel contains references to four components, namely the drawing surface
(Dr awPanel ), the panel at the bottom (Bot t onPanel ), the panel on the side (Si dePanel ) and the
panel that renders the 3D view of the members (Vi ewdaDPanel ). Thisisillustrated in Figure 8-16.

8.5.2.5 Dr awPanel

Objects of class br awPanel provide the connection between two dimensional shapes and the
physical components the shapes actually represent. This class allows for the two dimensional
rendering of the structural steel member components as well as for the manipulation of these
components through graphical interaction. This class formsthe basis for interaction with the finite
element model as well as the structural steel design model. Figure 8-17 shows abr awPanel with a

finite element model of a portal frame loaded.
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Figure 8-17 Illustrating an object of class Dr awPanel

Important methods implementsin class br awPanel :

public Object getRel at edObj ect (Dr awabl eShape shape)
This method returns a component that is related to a specific provided graphical shape.

publ i ¢ Drawabl eShape get Rel at edShape( Obj ect val)
This method returns the shape that is related to a provided component.

public voi d enabl ePoi nt Sel ect er (bool ean enabl e)
This method enables shapes to be selected from a point and click procedure from mouse
input level.

public void enabl eBoxSel ect er (bool ean enabl e)
This method enables shapes to be selected by creating a bounding box from a point and
drag procedure from mouse input level.

publ i ¢ Drawabl eShape sel ect ( Poi nt 2D p)
This method selects a specific shape from a given point in 2 dimensional space provided
the given point lies within the bounds of the shape.

public bool ean put (Drawabl eShape ds, Object obj)
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This method adds a component or object and its representative shape to the registry of
the panel, thus allowing for the graphical rendering of the component.

public void drop(Drawabl eShape ds)
This method removes a shape from the registry of the panel, thus removing it from the

drawing surface.

8.5.2.6 Si dePanel

An object of classSi dePanel forms the starting point of selecting design types and design sets for

the application. The object consists of two lists namely, ‘Design Types and ‘Design Sets'.

Design Types

The ‘Design Types' list contains an object of class TypeLi st which ey -
represents the list used to display al the available design types as well COLUMN

as provides the ability to select specific design types. These design types illl
are applied to the design elements and govern the way in which they are TENSICON
handled in the design process. Thisis shown in Figure 8-18. Asan Eimg::fnim

implementation aspect, while a particular design type is highlighted, all
design elements created in that instance will be assigned that particular 1] | ]
design type. Class TypelLi st isdescribed in section 8.5.2.10.

Figure 8-18 Design types

The ‘Design Sets' list contains an object of classDsLi st which

represents the list used to display all the available design sets as well as _Desiiﬁ”::gm .

the ability to select specific design sets. These design sets are used to heatns
group specific members together for specific design reasons. Available R
design sets for a particular design (e.g. default, beams, columns) are
shown in Figure 8-19. As an implementation aspect, while a particul ar

design set is highlighted, all design elements created in that instance will

be added to that design set. Class DSLi st is described in section -
8.5.2.11.

Figure 8-19 Design sets
8.5.2.7 Bott onPanel

An object of classBot t onPanel isused primarily to display messages and information to the user.
The object consists of two panels, namely a panel that provided information about the commands
that the user executes as well as a panel that display information about the different design elements
that have been created.
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The panel that provides the information about the commands of the user is an object of class
MessagePanel . Thisclassis described in Section 8.5.2.12.
The panel that provides graphical and textual information about the specific design elementsis an

object of class| nf oPanel .

8.5.2.8 Vi ew3DPanel

An object of class View3DPanel represents a three dimensional viewing panel for displaying the
designed steel membersin scale in three dimensions. The displayed steel members are fully
rotatable, pannable and zoomable.

Each of the included steel profilesin the database is represented by a different three dimensional
shape, creating scaled and distinguishable three dimensional profiles. Any structural geometry can
be converted to three dimensions and displayed on this panel. Figure 8-20 illustrates the three

dimensional viewing panel.
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Figure 8-20 Illustrating an object of class Vi ew3DPanel
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8.5.2.9 Dat aText Pane

An object of class Dat aText Pane represents atext pane that contains the relevant data for the
specific member design. The data includes the profiles that are adequate for the steel members, the
internal forces of the steel members, the design input and the design resullts.
Important methods implemented in class Dat aText Pane:
public void setHeaderInfo()
This method sets the header information for the specific member design. The header
information included the company name, the designer’ s name, the project name and the
data.

8.5.2.10 TypelLi st

An object of class TypelLi st representsthe list in which all the design types availablein the
application are stored. These design types govern the manner in which the steel members are
designed. This object alows for the graphical representation of the design types as well asthe
functionality to select the design type for a particular member or group of members. This graphical
component isillustrated in Figure 8-18.

8.5.2.11 DSLi st

An object of classDsLi st represents the list in which all the design sets available in the application
are stored. These design sets govern the manner in which the steel members are designed as whole.
This object alows for the graphical representation of these design sets as well as the functionality to
select the design set for a particular member or group of members. This graphical component is
illustrated in Figure 8-19.

8.5.2.12 MessagePanel

Class MessagePanel isresponsible for the textual display of messages to the user. This class
consists of text editor for textually displaying information. The application makes use of this class

to display simple messages to the user about the commands that have been entered.

8.5.2.13 | nf oPanel

An object of class| nf oPanel provides agraphical representation of information about design
elements that are currently displayed. This class provides information about the length, name,
design type, design set and selected profile type of a design element or member. When a design
element is not selected, the class displays the global axis system.
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8.5.3 GUI Editors and Further Components

Apart from the fixed GUI components mentioned in section 8.5.2, there are various other graphical
components that are responsible for editing design parameters and displaying certain information
about the various elements at atime as required by the user. These graphical components are
temporary editors that are not always present or required by the user of the application.
Furthermore, these components differ in appearance and functionality depending on the context in

which they are required.
| | |
| ® DesignSetEditor [ | ® DesignElementEditor [ \ @ RestraintEditor | | @ IREditor | | @ SPEditor |
| ©® SSSectionGui | | @ IntForceDraughter I | @ DesignDataFrame I ‘ @ FEMFileChooser

Figure 8-21 The Gui editor hierarchy

The remainder of this section will discuss the GUI editor hierarchy asillustrated in Figure 8-21. A
more detailed description and explanation of each component is provided in the Java

Documentation of the application.

8.5.3.1 DPEditor

An object of class DPEdi t or provides for the basic functionality of creating a‘pop up’ graphical
component that can be modified for any context in which it isrequired. This class forms the basis
for all the other editor classes.

8.5.3.2 SPEdi t or

An object of class SPEdi t or extends DPEdi t or and provides the x|
graphical link for creating sector point objects along the length of offset 0
an element. This editor isillustrated in Figure 8-22. The editor

ik Cancel
contains an object of classJText Fi el d in which the offset asa
fraction of the specific finite element’ s length is entered. For the Figure 8-22 Sector Point
purpose of placing sector points, the start point of afinite element graphical editor

is determined by the proximity of where the user clicks the mouse
on a selected finite element. The offset is the n measured relative to this temporary start point.
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8.5.3.3 Desi gnEl enent Edi t or

An object of classDesi gnEl enent Edi t or X
A . rdesign type | 7 longitudinal rotation -
extends DPEdi t or and provides the graphical ~
link for editing the design parameters for all " column L
created steel elements. This editor isillustrated in %" beam column
" tension besm a0

Figure 8-23.

This editor consists of four main panels. The first
panel isthe ‘design type' panel, which allows the " tension
user to change the design type of an individually

selected design element. The second panel isthe

‘longitudinal rotation panel, which allows the sl

user to rotate the design element in 90 degree

intervals about itslongitudinal x - axis. Other ~ o
destahilizing

multiples are not implemented. The third panel,

namely the ‘external loading’ panel, is =

-~external loading

" cantilever (beam)

" cantilever (beam-calumn) ¢ lan

| 7 lateral bracing

" laterally braced

0 laterally unbraced

Cancel

concerned with the external |oading stability of
the element. The final panel, namely the ‘lateral
bracing’ panel, allows the user to state whether

Figure 8-23 Design Element graphical editor

the element is continuously laterally restrained along its length or not.

There are no important attributes or methods for this class.

8.5.3.4 IntRestraintEditor

An object of class| nt Rest rai nt Edi t or extends DPEdi t or and
provides the graphical link for creating and placing internal
restraints along the length of a steel element. This editor is
illustrated in Figure 8-24. This editor consists of an option to
apply an internal restraint to either the top or bottom flanges or
both flanges simultaneously of a steel member or SSDesign
Element, asindicated by the‘+y’ and ‘-y’ indicators. The offset
field isto position the restraint at the given fraction of the
length of the steel member or SSDesign Element. The user has
the option to remove or edit existing internal restraints.

add internal reskrai x|

CPTIONS

internal restraints (weak)

™ hottom flange (-
irternal restraints (strong)
. strong

otfset |o

Ok | Canicel |

Figure 8-24 Internal Restraint
graphical editor
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8.5.3.5 RestraintEditor

An object of classRest r ai nt Edi t or extends class DPEdi t or and provides the graphical

functionality to change and edit the restraint conditions at the ends of the steel members. These

objects are design type sensitive, meaning that their appearance and functionality are dependent on
the design types of the individual steel members. There are six main types of restraint editors and
they are dependent on the design types BEAM, CANTILEVER, BEAMCOLUMN, CANTILEVER
BEAMCOLUMN and COLUMN. Therestraint options for aBEAMCOLUMN areillustrated in
Figure 8-25. For such a design type and restraint, the panel is divided into 2 parts. The top panel
refers to end restraints that are applicable for lateral torsional buckling. The bottom panel refersto
the restraint conditions against weak axis (out of plane) Euler buckling. These restraint options must

be chosen correctly for the applicable member.

edit restrainkt

BE&AM - COLLIRMN

End conditions that are applicable
for lateral torsional buckling

% unrestrained
- pattially restrained
™ practically fired

V¥ TORSIOMNALLY RESTRAIMED

End conditions that are applicable
for out of plane Euler buckling
Faorin plane Euler buckling, k=1.0

NN

N, ;\. '\;I\. \'\\.
™ free T

L?lﬁfa%

& fized

¥ pinned

= roller

Ok | Cancel |

Figure 8-25 Beam and column restraint options
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8.5.3.6 LCEditor

x
An object of class LCEdi t or extends class DPEdi t or and lomdCased
LoadC B
provides the graphical functionality for the user to select and e
load different load cases from the current finite element model.
This object alows the user to switch between the different load
cases at any time during the construction of the design model.
Figure 8-26 illustrates this editor with two available load cases
for the model. il
oK ||
8.5.3.7 I nt For ceDraughter
An object of class| nt For ceDr aught er is used to display all the Figure 8-26 L oad case editor
necessary internal force diagrams for a particular steel member
created in the design model.
_ _ [+ foebmange ————— i
This graphical component e e
consists of six tabbed Dot Bty g
bemgth {m) : 400
panes, namely ‘Axial’, I N
‘Shear y', ‘ Shear Z, ‘BM e, ¥ = wiic
zz,'BM yy' and ‘Torsion LT
xX'. These functions of
these tabbed panes are
. . e e = =
The ‘Axial’ tabbed paneis T
used to graphically display
the axial force diagram of
the selected steel member. Figure 8-27 Internal for ce diagrams

The‘Shear y' and ‘Shear Z

tabbed panes are used to display the shear force diagram in the direction of the local y axis and local
z axis of the selected steel member respectively.

The‘BM zZz and ‘BM yy' tabbed panes are used to display the bending moment diagram about the
local z axisand local y axis of the steel member respectively.

The ‘Torsion xx' tabbed pane is used to display the torsional moment diagram of the steel member.
Thetabs are illustrated in Figure 8-27.
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8.5.3.8 Desi gnbDat aFr ane

An object of class Desi gnDat aFr ame includes a graphical text areathat is used to display the design
resultsin a structured and ordered data sheet. This data sheet can be edited as well as printed out to
record all the design procedures and data. The layout of the data sheets differ according to design
type. Figure 8-28 illustrates a data sheet for a steel member that has been designed as a beam. All

the necessary information about the member is shown.

4 Calc-sheet for Design Element.0 ) - |EI|_£|

Company Mame:
Froject Name:
Design Engineer:
Date:

BEAM DESIGN
Load case : LoadCase A

Design Element.0

START RESTRAINT CONDITIONS:

(Lateral torsional buckling) restrained against torsion

(Lateral tarsional buckling) unrestrained against lateral bending

END RESTRAINT CONDITIONS:
fLateral tarsional buckling) restrained against tarsion
(Lateral torsional buckling) unrestrained against lateral banding

This beam is not continuously laterally restrained along the compression flange.
Steel Grade: AZ000F

Segment 0.00 - 4000.00
START RESTRAINT:
(Lateral torsional buckling) restrained against torsion
fLateral torsional buckling) unrestrained against lateral bending
EML RESTRAIMT:
(Lateral tarsional buckling) restrained against torsion
fLateral torsional buckling) unrestrained against lateral bending

Effe ctive Length (hdcr) (mm: S000.00 Effective Length factar (e 1.00
kappa : .00 omegaz :1.00
fla=imum Moment == (kN.m}: -50.00 haximum Moment yy eN.m): 0.00
Max<imum Sheary (kM) -25.00 Maximum Shearz (kM) 0.00
b a=imum Axial (kM 0.00 Maximum Tarsion (kM.m: 0.00
adequate profiles
20320336 Mor (kH.m) = 257 .28 M (kH.m) = 12028 My (kMM = 621

Wy (kN1 = 26433

------------ 1,1 EEEEEERERREes
Overall Adequate Profiles
203:203:495
Cut Copy | Paste | Print |

Figure 8-28 Calc/Data sheet for a Beam design

University of Stellenbosch Department of Civil Engineering



113

8.5.3.9 SProfil eLoader

An object of class SProf i | eLoader provides graphically the ability for the user to load steel
profiles into the application for the design process. The user has the option to load an entire
selection of a specific type of profile or individually select the profiles that are to be used.

The object consists of three parts. They are the buttons with references to the names of all the steel
profile types that are available, alist that displays all the profile names that belong to the specific
type aswell atext field that displays all the dimensions and sectional properties of the selected steel
profile. Thisisillustrated in Figure 8-29

4. select Steel sections _ x|
—Steel sections Types ~Sections —Section Propetties
152:89%16 (= ||| I-Section (parallel lange)
shales enuallon B e Section: 305x1 65x46
0T 33025 h= 307 1000061035156
Angles unegual leg PR b =165 6999969452422
b= 6.69999983092651 37
ChaPe SN EugRiR tf= 118000001907 34863
2541 46237 M = 8.8099939610530273
ch | el i 2541 46243 m=46.099993474121094
Rl R 051 0225 4= 5.380000114440318
051 0229 I¥=949.300003051757831
H-zection parallel flange 20551 0233 Fev=F47.0
m=130.0
G051 65x41
l-zection parallel flange A |ZY= 8-?%‘;']0”00381 46573
o By = 3
3051 BEx54 ry I 390
l-section taper flange 256 T1wd5 = 2730
lara Il ey | C = 1950
Tees from H-zections 56 T 25T | Epk=722.10
3561 71267 ply = 166.0
Tees from |-zections 406 4059 b = 266.0
40621 4046
Circular Hallowy sections 406175254
4061 FEx60
Rectangular Hollowy sections 40617567
4061 Tax75
Souare Haollowy sections 457191 %67
457191 %75
[=F-Te) 457191 %52
457181 %80
rraterial IASDU-N vI 457191295
53321 051 01 d|

Figure 8-29 Sted profile loader
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8.6 3D Graphics

The 3D graphics package contains all the classes for constructing a 3D rendering of a steel member.
These classes include 3D component classes, 3D Utility classes and 3D stedl structure classes. The
following subsections will briefly describe each of these classes. A more detailed description of

each classis provided with the Java documentation of the application.

8.6.1 3D Component Classes

The 3D component classes provide the 3D rendering of the components of a basic steel member.
This does not include end conditions but only the member itself. These components include all the
included stedl profilesin the application e.g. | profile, T profile and Channel profile.

The 3D rendering of a component is represented by surfaces that are rendered by their surface
normals. The 3D objects are not solid models. Thisis how the 3D modelling is managed in Java.
The displayed surfaces are defined by the perimeter points that describe the layout of the surface.
The direction of the surface points defines the directions of the surface normals, which in turn

describe the orientated visibility of the surfaces.

All the component classes extend class Obj ect 3D and provide their corresponding objects with
inherited functionality. A further specialization of class Qbj ect 3D isclass Prof i | e3D which
provides their implementing classes with additional functionality.

The remainder of this section will briefly discuss class Obj ect 3D, Prof i | e3D aswell asall the

remaining component classes.

8.6.1.1 nject3D
Class bj ect 3D extends class Tr ansf or nGr oup and provides abasic 3D object that has position
and orientation.
Important attributes of an object of class j ect 3D:
protected Point3f position;
The current position of the object in 3D space.
protected Transfornm&oup orientationTransfor nG oup;

The TransformGroup object concerned with orientating the object in 3D space.

Important methods implemented in class Object3D:
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public void rotateX(fl oat angle)
This method rotates the object in a counter clockwise direction with the given angle (in
radians) about the x — axis.

public void rotateY(float angle)
This method rotates the object in a counter clockwise direction with the given angle (in
radians) about the y — axis.

public void rotatez(fl oat angle)
This method rotates the object in a counter clockwise direction with the given angle (in
radians) about the z — axis.

public void setPosition(Point3f _position)

This method sets the current position of the object equal to a given position.

8.6.1.2 Profil e3D

Class Prof i | e3D extends class Obj ect 3D and provides the functionality for rendering a basic steel
profile in three dimensions with different sizes and positions.
Important attributes of an object of classpProf i | e3D:
private float scale;
The scale factor of the physical steel profile to the rendered 3D universe
private Shape3D shape;
The three dimensional shape object that represents the steel profile and contains all the
surface points of the steel profile.
private Vector3f depthVector;
The depth vector that describes the length or depth of the steel profile.

There are only two methods in class Profile3D that need to be implemented by all sub classes, and
they are:
public abstract void setScal e(float scale);
This method sets the scale factor of the steel profile to the value provided.
public abstract float getScale();
This method returns the current scale factor of the steel profile.
protected abstract void createShape();
This method creates the shape object that represents the steel profile. This method takes
all the points that represent the surfaces of the profile and adds them to the shape object.
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8.6.1.3 | H3D

An object of class| H3D representsa 3D | or H steel profile.
Important attributes of an object of class| H3D are:
private float h;
The height of the 3D IH steel profile.
private float b;
The breadth of the 3D IH steel profile.
private float tw
The thickness of the web of the 3D IH steel profile.
private float tf;
The thickness of the flange of the 3D IH stedl profile.
private float r1;

The radius of the fillet welds of the 3D IH stedl profile.

8.6.1.4 Channel 3D

An object of class channel 3Drepresents a 3D Channel steel profile.
Important attributes of an object of class channel 3Dare:
private float h;
The height of the 3D Channel steel profile.
private float b;
The breadth of the 3D Channel steel profile.
private float tw
The thickness of the web of the 3D Channel steel profile.
private float tf;
The thickness of the flanges of the 3D Channel steel profile.
private float r1;

The radius of the fillet welds of the 3D Channel steel profile.

8.6.1.5 EAngl e3D

An object of class EAngl e3D represents a 3D equal leg Angle steel profile.
Important attributes of an object of classEAngl e3D are:
private float h;
The height of the 3D equal leg Angle steel profile.
private float b;

The breadth of the 3D equal leg Angle steel profile.
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private float t;

The thickness of the legs of the 3D equal leg Angle steel profile.

8.6.1.6 UAngl e3D

An object of class UAngl e3D represents a 3D unequal leg Angle steel profile.
Important attributes of an object of class UAngl e3D are:
private float h;
The height of the 3D unequal leg Angle steel profile.
private float b;
The breadth of the 3D unequal leg Angle steel profile.
private float t;

The thickness of the legs of the 3D unequal leg Angle steel profile.

8.6.1.7 T3D

An object of class T3D representsa 3D T stedl profile.
Important attributes of an object of class T3D are:
private float h;
The height of the 3D T steel profile.
private float b;
The breadth of the 3D T steel profile.
private float tw
The thickness of the web of the 3D T stedl profile.
private float tf;
The thickness of the flange of the 3D T steel profile.
private float r1,;

Theradius of the fillet welds of the 3D T steel profile.

8.6.1.8 Rectangul ar 3D

An object of classRect angul ar 3D represents a 3D structural hollow rectangular steel profile.
Important attributes of an object of classRect angul ar 3D are:
private float h;
The height of the 3D structural hollow rectangular steel profile.
private float b;
The breadth of the 3D structural hollow rectangular steel profile.
private float t;

The thickness of the walls of the 3D structural hollow rectangular steel profile.
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8.6.1.9 Circul ar3D

An object of classGi r cul ar 3D represents a 3D structural hollow circular steel profile.
Important attributes of an object of classGi r cul ar 3D are:
private float h;
The outside diameter of the 3D structural hollow circular steel profile.
private float t;

The thickness of the walls of the 3D structural hollow circular steel profile.

8.6.2 3D Utility Classes

The utility classes provide methods for setting the appearances of the background of the 3D
drawing as well asfor the drawing in its entirety. These classes provide methods for facilitating the
creation and grouping of the components of the steel members. The remainder of these sections will

briefly describe each utility class.

8.6.21 Uility3D

Class Ui i t y3D contains static methods for creating and altering 3D objects as well as their
appearance.
The methods implemented in class Ut i 1i t y3D are:

public static CeometryArray getExtrudedGeonetryArray(...)
This method extrudes an array of coordinates along an extrusion path vector and returns
aGeonet ryArr ay object with normals. The array of coordinates represents the front face
of the shape

public static CGeonetryArray getHol | owExt rudedGeonetryArray(...)
This method extrudes an array of coordinates along an extrusion path vector and returns
aCGeonet ryAr r ay object with normals. The array of coordinates represents the front face
of the shape. The difference liesin the fact that the front face has aholein its surface
and due to the fact that Java does not represent its 3D models as solid models, a different
extrusion procedure is required.

public static Appearance getFill edAppearance(Col or3f _col or)
This method returns an Appear ance object with specific material attributes and a solid
filled appearance. The material attributes define the appearance of the object under

illumination.
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8.6.2.2 Structure3D

This class provides the functionality to orientate the steel members, that from part of a structure,
accordingly to the rendered 3D environment. This class consists of only two static methods that
allow for the rendering of al the steel elementsin their correct positions and orientation. The
methods of class Structure3D are as follows:
public static void orientateMenber(SSDesi gnEl enent del, ...)
This method orientates the steel member in 3D space that is to be rendered.
public static float getlnPl aneRotati on(l OneDDEl enent del)
This method returns the in plane rotation of the element in radians.

University of Stellenbosch Department of Civil Engineering



120

9 Verification

Examples of the main implemented design types are provided to illustrate and verify the design
output and results of the application.

Each exampleis divided into three sections. The first section is the problem statement. This section
concerns the loaded finite element model and illustrates its composition. This provides the basis for
the geometry of the members as well as the concerned internal forces and external loading. The
finite element model’s 2D view along with relevant force diagrams are shown in this section. The
second section includes all the design parameters to complete a design on the steel members. This
includes differences in steel member topology from the finite elements, the profiles that are to be
used, internal restraints, external restraints, member bracing, rotation of the steel profiles aswell as
all theimportant internal and external force values. The corresponding 2D and 3D views of the
application in this state are shown. The third and final section is concerned with the hand
calculations according to the specifications described in chapter 4. The results are compared to

values yielded by the application, which are shown in between square brackets.
9.1 Beams

9.1.1 Example 1 — Simply supported beam

Finite element moddl: Thefinite

50 kN
element model for example 1,

illustrated in Figure 9-1, is asfollows: (1) @

—

The finite e ements model consists of | 2m | 2m |

I

two Euler beam elements joined

together to from one continuous beam Shear force (y) diagram
element. The left and right end
conditions of the finite elements have

the trandational degree of freedom Bending moment (z2) diagram

fixed with the rotational degree of
freedom unrestricted. The loading on

the beamisa 50 kN load at it mid
point. Figure 9-1 Finite element model for example 1
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Application design layout: The layout used to portray the parameters and objects used by the
application is described. This layout remains the same for all the examplesincluded in this chapter.
The layout used is as follows:

The number of Design Elementsis listed along with their respective names and lengths. The
number of Design Setsis then listed. Each Design Element belonging to a specific Design Set is
indicated next to the Design Set names. The profiles used in the design for each Design Set are
shown with their respective descriptions. Each Design Element’ s end forces and maximum internal
loading that is relevant to the particular design, as calculated by the application, islisted. Finally,
the restraint conditions applied to the ends of the individual Design Elements are listed.

Application design input: In this section the design input and results of internal forces and end
forces are shown:
0 Design Elements =1
“DesignElement.0”

length = =4m
The Design Element(s) are illustrated in Figure 9-2
~— i
Pls Folls CugrSe Do

HEB BE HEE| @ EiE @1@ )\

‘_i'.l
/ Design Element.O
—u B

mww--t A
=l

Figure 9-2 lllustration of the Design Elements of example 1

0 Design Sets =1
“default” — “DesignElement.0”
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Loaded profiles: (Grade 300W) for Design Set “ default”

“152x89x 16"
“457x191x67"
“DesignElement.0 ” End Forces (start)
Axial Force =0.0kN
Shear Force (y) =-25kN
Moments (zz) =0.0kN.m
o0 “DesignElement.0” End Forces (end)
Axial Force =0.0kN
Shear Force (y) =25kN
Moments (zz) =0.0kN.m
o0 “DesignElement.0” Ultimate Forces
Axial Force =0.0kN

=25kN

Moments (zz) =50 kN.m
The important internal force diagrams of DesignElement.0 in example 1 areillustrated in Figure 9-3

and Figure 9-4. These diagrams include the Shear Force diagram as well as the Bending Moment

Shear Force (y)

diagram as these are the only none zero diagrams.
ai0lx

Fin

j 3
i [ T | = (] w04 e | B | Torsameral
Shear Force y
Dhesign E et 0
lemgth ) - 400

W ol 0 e 5 R
sl o L= 2500

2500

T v T
Ty ik gl = 200
T vl w25

man vole postion = 0.8

Figure 9-3 Shear Forcediagram for example 1

Department of Civil Engineering
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& FoeceDiograme =Dl
Fia
Aol | Sramr (v | Shear tx [B9 0=23]] 59 o | Torsmon e |

Bending Momenl zz
ez E et 0

lempth fm) - <00

T e 000 i W O e R
TN i ol = 00D v of {L = 00D
iy vl w0 00

mam vk posiion = 3080

Figure 9-4 Bending M oment diagram for example 1

0 “DesignElement.0” Restraint Conditions (start)
Unrestrained (free to rotate about the vertical plane through the support)

Restrained against torsion
The application of such restraint conditionsisillustrated in Figure 9-5.
x|
EE&h

ehd conditions

. partially restrained
. practically fixed

¥ TORSIOMALLY RESTRAIMED

ok Cancel

Figure 9-5 lllustrating the restraint conditionsfor example 1

The loading on the member is assumed to be stabilized.
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Company Name:
Froject Name:
Des=sign Engineer:
Date:

BEAM DESIGN
Load case : LoadCase A

Design Element.0

START RESTRAINT COMDITIONS:

[Lateral torsional buckling) restrained against torsion

(Lateral torsional buckling) unrestrained against lateral bending

END RESTRAINT COMDITIONS:
[Lateral torsional buckling) restrained against torsion
(Lateral torsional buckling) unrestrained against lateral bending

Thiz beam is not continuously laterally restrained along the compression flange.
Steel Grade: AZ00W

Segment 0.00 - 4000.00
START RESTRAINT:
(Lateral torsional buckling) restrained against tarsion
[Lateral torsional buckling) unrestrained against lateral bending
END RESTRAIMNT:
[Lateral torsional buckling) restrained against tarsion
[Lateral torsional buckling) unrestrained against lateral bending

Effective Length (hcr {mm}: S000.00 Effective Length factor (hder: 1.00
kappa :0.00 omegas ;.00
M aximum Moment z= (kN.m): -50.00 M aximum bMoment yy (kWN.m): .00
M azimum Sheary (kM) -25.00 Il aximum Shear z (kM) 10.00
bl aximum Acxial (kM) 0.00 hd aximum Torsion (kM. m): 0.00
adequate profiles
A57191:67  MerkN.m)= 455 562 b (k.m0 = 33274 by (kM. MY = 63.99

Wy (kN1 = 657 .07

Overall Adequate Profiles
AT 10167

Figure 9-6 Text results of the design for example 1

Figure 9-6 illustrates the text results of the design for example 1 asillustrated by the “Design Data
Sheet” of the application.

The adequate steel profiles to be used as steel members are calculated by the application to be
“457x191x67”. Figure 9-7 illustrates the 3D view of the “457x191x67" steel profile.
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cprodile et losdsd anto |defssdl 1
pdeienlt] pelevoed prefile 1 8] SnsT

Figure 9-7 lllustration of the 3D view for example 1

Hand calculated design: This section shows the hand calculated design results and comparison
with the results from the application.
Classification of profiles

“152x89x16"

h=152.4 mm

b=88.9 mm

t=7.7mm

tw=4.6 mm
b = 88.9 = 5.77£—145 — Class 1 flange

2%, 2X1.7 /300

h- 2t _ 152.4- 2X7.7 — 2978 1100 . Class 1 web
t, 4.6 A/300

The profile istherefore an overall class 1 profile

“457x191x67"
h=453.6 mm
b =189.9 mm
tr = 12.7mm

tw = 8.5mm
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b :%:7,47££—> class 1 flange

2%, 2427 V300

h- 2t, _152.4- 25717 _ 29,78 £ 1100 _, class 1 web
t, 4.6 /300

The profileistherefore an overall class 1 profile

DesignElement.0

The element is not continuously braced against lateral buckling and thus the lateral torsional
buckling strength as well as the cross sectional strength of the member needs to be tested. The cross

sectional strong axis bending resistance of the two steel profiles are as follows:

“152x89x16” M =FZ f =0.9(124000)(300) = 33.48kN.m <50 kN.m FAIL.
“457x191x67" M, =F Z,f =0.9(1470000)(300) = 396.7kN.m > 50 kN.m O.K.

The end moments of the steel element are both zero, with a single point load acting on the beam of
50 kN. The calculation of the @, and « valuesis as follows.
k=00 [0.0]

w2 = 1.0 (internal moment larger than the end moments) [1.0]

The critical moment for the steel member is now calculated. Due to the fact that the “152x89x 16"
profile has failed already due to strength, its lateral torsional buckling capacity will not be
calculated here. This steel profile is also not shown in the applications design test resultsin Figure
9-6 asthe profile isinadequate in terms of strength. Only the “457x191x67” is considered further.

The effective length factor of the steel element is 1.0, due to the restraint conditions applied.

The critical moment is calculated as follows:

.2
Mcr:M El GJ+6ep_E2 1.C,
K\ Y &K g ?

a3y 2
\ _10p) 200" 10°(14.5" 10°)(77" 10%)(376" 103)+§M3 (14.5" 10°)(706" 10°)
1.0(4000) & (L0)4000 g4

\ M, =455.63kN.m [455.63 kN.m]
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Thisvalueislarger than the cross sectional bending strength of the profile’ s cross section that was
calculated as 396.7 kN.m. The bending resistance of the steel member is thus calculated as follows:

2 0.28XM, ¢
M, =116 M, Al — e F oM,
MCY Q

\ =1.15(0.9)(440.78)1 - 028(440.78) § _ 335 63 kN.m < 369.7 kN.m
& 455.63 g

\ M, =332.63 kN.m [332.74 kN.m]

The shear resistance of the beam is cal culated as follows:

V. =fxA A

A, =t * =(8.5)453.6 = 3855.6mm’

f,=0.66> = (0.66)300 =198MPa

V. =(0.9)(3855.6)(198) = 687.07kN > 25kN [687.07 kN]

The steel profile “457x191x67” as used under the conditions prescribed by example 1 is adequate in

terms of ultimate strength.

9.1.2 Example 2 — Simply supported beam (continued)

The finite element model is exactly the same asin Example 1. Thisisillustrated in Figure 9-1
The design makeup and inputs are in majority the same as in Example 1 except for two changes.
(1) Theloaded stedl profileisa*305x102x25" grade 300W profile.
(2) Aninterna lateral restraint is applied at midspan to the top flange of the beam.
The application of the internal restraint isillustrated in Figure 9-8.
The 2D view of the steel member isillustrated in Figure 9-9.

add internal reskrain x|

CPTIONS

internal restraints (vweak)
£ top flange v+

£ bottom flange yi-1
internal restraints (strong)
 =trong

offzet |os

Ok | Cancel |

Figure 9-8 lllustrating the addition of an internal restraint

University of Stellenbosch Department of Civil Engineering



128

210 =
P Fiols Cogr Sk Dwan
AE @D B8 &= EE| 0 BE 6E 5
Te=ip Py
ST -
SO
mEca
CRHTLE VR
TSRO,
M
/ Design Element.0
g
EIETE - |
Internal restraint
=l
" b
Tida loadwd: Cviccmacce wd Saccurm S iercwp rem L b . acial
] aecl lcnd omaz lomdod = pick
 f— PR Ak Tewke dna Gk R 30
BT

Figure 9-9 lllustration of the Design Elementsin

example 2

The important internal force diagrams of example 2 are identical to those of example 1. They are

illustrated in Figure 9-3 and Figure 9-4.

The restraint conditions at the ends of the steel beam are the same asin example 1.

The text results for example 2 areillustrated in Figure 9-10.

Company Mame:
Froject Name:
De=ign Engineesr:
Date:

BEAM DESIGN
Load case : LoadCase A

DESiQﬂ Elamant.0

START RESTRAINT COMNDITIONS:

[Lateral torsional buckling) restrained against torsion

[Lateral torsional buckling) unrestrained against lateral bending

EMD RESTRAINT CONDITIOMNS:

[Lateral torsional buckling) restrained against torsion
[Lateral torsional buckling) unrestrained against lateral bending

Steal Grade: AZ0000

This beam is not continuoushy laterally restrained along the compression flange.
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START RESTRAINT:

EHND RESTRAINT:

internal restraint

kappa :-0.00

faximum Sheary (kN -25.00
Ml aximum Aeial il 0.00

START RESTRAINT:
internal restraint
END RESTRAINT:

kappa :-0.00

M aximum Sheary (kM) -25.00
hlaximum Acxial (kW 0100

30510225

Segment 0.00 - 2000.00

[Lateral torsional buckling) restrained against torsion
(Lateral torsional buckling) unrestrained against lateral bending

Effective Length (Mer) imm): 2000.00

faximum Moment z= (kW.m: -50.00
adequate profiles

A0GA02:25  MerkN.m)= 173628

Yy (kN1 = 315.03

Segment 2000.00 - 4000.00

[Lateral torsional buckling) restrained against tarsion
[Lateral torsienal buckling) unrestrained against lateral bending

Effective Length (hdcr) (mm): 2000.00
faximum Moment = (kN.m: -50.00
adequate profiles

30510225 hler kN.mi= 173.68
Wy (kM1 = 315.03

Owverall Adequate Profiles

Effective Length factor {hder: 1.00
omega? : 1.75

Maximum homent wy (kW.m): 0.00
Maximum Shearz (kN 0.00
Maximum Tarsion (kN.m): 0.00

Mee (kN.m) = 8727 Mry (kN.m) = 10,24

Effective Length factor (hcr: 1.00
omegaz ;175

Maximum homent wy kM. m): 0.00
b aximum Shearz (kM) 0.00
faximum Tarsion (kN.m): 0.00

he (kWM = 87.57 by (k.M = 10.21

Figure 9-10 Text design resultsfor example 2

As can be seen from the text results created by the “ Design Data Sheet” the steel beam is divided

into two segments. These segments represent the two unbraced lengths of the member due to the

presence of alateral internal restraint at a point along its length. The design procedure as described

in chapter 4 requires this approach. The segments used in this approach are an example of the

“Internal Elements” discussed in chapter 6.

Hand calculated design: This section shows the hand cal culated design results and comparison

with the results from the application.

Classification of profiles

“305x102x25"
h=304.8
b=101.6

tr = 6.8
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tw=5.8

b :% = 7,47££ —class 1 flange

2%, 2>6.8 /300

h- 2t, _304.8- 2>6.8:50.2£ 1100 . class 1 web

t, 5.8 J300

The profileistherefore an overal class 1 profile.

DesignElement.0

This member is laterally braced at its midspan and is thus broken up into two distinctive parts,
namely Segment 1 and Segment 2. These segments are thus designed as individual members each
having alength of 2m with the entire member spanning a full 4m.

Thisisillustrated in Figure 9-11.

Internal Restraint

\

2m

4m

2m

Figure 9-11 Illustration of the segments of a beam in example 2

The cross sectional bending resistance of the chosen profile as well as the lateral torsional buckling
strength of the steel member with the chosen profileis tested.
The cross sectional resistance of the steel profile “305x102x25” is as follows:

M, =F xZ,, ¥, =0.9(336000)(300) = 90.72kN.m > 50 kN.m OK.

The shear resistance of the beam isidentical to that of example 1.

The following calculations are all dependent on the “Segments” of the steel member
DesignElement.0 (Om — 2m)

The end moments of this segment are 0 KN.m and -50 kN.m in turn. The calculation of thek factor

isasfollows:

0
=== 0
e [O]
The w, factor used in the calculation of the critical moment is then cal cul ated.
w, =1.75+1.05% + 0.3%* =1.75+1.05(0) + 0.3(0) =1.75 [1.75]
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The critical moment for this length of steel member is now calculated. The effective length factor,
K, isthe same asin example 1 due to the end restraint conditions being identical.

.2
Mcr:M El GJ+6ep_E2 1.C,
K\ Y &K g ?

Ve 3 --2
\ 27E0) o00 10°(1.19° 10°)(77 10%)(48” 10%)+ U200 1099 197 108265 107)
1.0(2000) € (L0200
\ =173.68 KN.m [173.68 kN.mi

Thisvalue islarger than the value of 0.67Mp, namely 0.67(90.72) = 67.54 kN.m. The bending

resistance of the segment is then calculated as follows:

& 028M 6
M, =1.15% M ¢l- —— P £F XM
e

M, g

o 0281008 5

\ :1.15(0.9)(100.8)8 e o= 8737kNM<9072kN.m [87.37 kKN.m]
: @

DesignElement.0 (2m —4m)

The design of this segment isidentical to that of the segment that ranges from Om to 4m as shown
above. Thisis dueto the fact that the entire steel member is symmetrical in itsinternal loading and
the fact that the internal restraint isin the middle of the beam.

9.2 Columns 50 kN

9.2.1 Example 3 — Simple Column QI | et

The finite element for example 3 is briefly described
below.

The finite element model consists of two Euler beam ® o
elements connected end to end to form avertical
continuous column. The column is loaded by a 50 kN
vertical load at its end point in a downwards direction,
causing constant compression along the length of the
column. The column is supported against horizontal W 2m

and vertical translation at its start and end. The finite

element model isillustrated in Figure 9-12. <l

Figure 9-12 Finite element model for example 3
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Application design input: In this section the design input and results of internal forces and end
forces are shown:
o0 Design Elements =1

“DesignElement.0”

length =4m
The Design Element(s) are illustrated in Figure 9-13.
=
Pis Folis Cugr St Dmgn
EE R EEEEE O B E BE 5
Design Element.0 it 1o
_WD‘-‘-! *
=i
2 - f::" ‘|H1‘lﬂ' Cvixrmarce wd S S 210 D perop Ui p o Cmn md
e ;ml. {7l et T DR EE
-
N

Figure 9-13 Illustration of the Design Elements of example 3
0 Design Sets =1
“default” — “DesignElement.0”
0 Loaded profiles: Grade 300W for Design Set “default”
“PFC 160x65” “Channel (parallel flange)”

o0 “DesignElement.0” Ultimate Forces

Axial Force = -50kN (compressive)
Shear Force (y) =0.0kN
Moments(zz) =0.0kN
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Figure 9-14 Axial force diagram for example 3

Figure 9-14 illustrates the only non-zero internal force diagram, namely the axial force diagram.

0 “DesignElement.0” Restraint conditions

Pinned (trandation fixed with respect to out of plane buckling)

The application of such restraint conditionsisillustrated in Figure 9-15.

edit restraint K x|
iSOl

End conditions that are applicable
for out of plane Euler buckling
Farin plane Euler buckling, k=1.0

£ fized §\\\|\““~3

¥ pinned E !i
" free ﬁj

™ rolley xa2R

Ok Canicel

Figure 9-15 Illustrating therestraint conditionsfor example 3

aibl=]
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The text design results as generated by the “Design Data Sheet” are illustrated in Figure 9-16.

Company Name:
Project Name:
De=ign Engineer:
Date:

COLUMN DESIGN
Load case :LoadCase A

Desigh Element.0
START RESTRAINT COMDITIOMNS: (Weak axiz Euler buckling) retation free, translation fixed

EMD RESTRAINT COMDITIONS: (Meak axis Euler buckling) rotation free, franslation fixed

Thiz column is not continuously laterally restrained.
Steel Grade: A2000W

Segment (xx) 0.00 - 3000.00
START RESTRAINT:
e ak axis Euler buckling) rotation free, translation fixed
EMND RESTRAINT:
e ak axis Euler buckling) rotation free, translation fixed

Effective Length (Crd {mm}: $000.00 Effective Length factar (Cr<: 1.00
hlaximum Acial (kW) -50.00

adequate profiles
FPFC 16065 Cr () (kM) = 455 .60

Segment (yy) 0.00 - 4000.00
START RESTRAINT:
[W'e gk 3xis Euler buckling) rotatian free, translation fixed
END RESTRAINT:
e ak axis Euler buckling) rotation free, translation fixed

Effective Length (Cnd {mm}: $000.00 Effective Length factar (Cry): 1.00
hlaximum Acxial (kW) -50.00

adequate profiles
PFC G055  Cr(y) (kW)= 9850

Owverall Adequate Profiles
PFC 16055

Figure 9-16 Text results of the design for example 3

Asindicated by the text results, the chosen steel profile is adequate in terms of strength.

Hand calculated design: This section shows the hand cal cul ated design results and comparison
with the results from the application.

Classification of profiles

“PFC 160x65"
h =160 mm
b=65mm
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tw =6.5
tt =104
b_ 65 o 20
t, 104 300

The profileisthus at most a class 3 profile.

DesignElement.0

The element is free to buckle about either its strong or weak axis due to the fact that there is no

135

lateral bracing present along its length. The profile that was chosen to represent the member has a

single axis of symmetry resulting in the compressive resistance of the member to be based on either

torsional or torsional flexural buckling compressive resistance. For the purpose of this example the

buckling resistances about both axes are calculated, although it is apparent that buckling resistance

about the weaker axis would be governing.

The effective length factor calculated from the restraint conditions described earlier in this example

is1.0. [1.0]

The calculation of the compressive resistance is as follows:

Buckling about the strong or x — axis

K>, _ 1.0(4000)
r 63.4

X

[f
\ | = K ><LX 2y =63.09 % =0.77778
r, p°>xE p°(200° 10°)

-1
n

=63.09< 200 O.K.

Cy =F A (1+] 2ny

The value of nistaken as 1.34 for hot rolled, fabricated steel sections.

-1
\ C_=0.9(2.3" 10°)(300)(1+0.77778°**")13 = 456.6kN [456.6 KN]

Buckling about the weak or y — axis.

KL, —1.0(4000)
r 20.3

y

=197.04< 200 O.K.

The compressive resistance is calcul ated by using the lesser of the two values fey and fex..
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2 2 4 3
(= P& P00 10) g4,
&K L, 0 197.04
" 3
2 2 I 3
fo=PE P20 10) _ 955
aK, 94, 6 2d.0(4000) 6
€ 5 & 634 3
. )
0]
L =BEC g0 1
e K22>4‘z2 2 AX|’02

T =Xo Yoo+ +r? =6.33 +0° +63.47 +20.3° = 44717

2 4 3 ) 4 9 i i 0 "
\ f, = o (200 100382 10) , 77 102(64.4 1o~°')+>§e ! 0
é 1.0°(4000) 5 £2.37 10°(4471.4) 4

\ f_ =528.0

é U
¢ fatfa g \/1_ 4, A W

exz A 2 -
2W ¢ (fa+fe)” §
2 24 ) 2 2 A
w=1- o *Yo Oy 3835 +00_ o909
& T g & MTLT 4

\ f a 4= 2117.47

_ (495.89+528.0) € 1. %(495.89)(528.0)(0.9999) u
o 2(0.9999) & (495.89 +528.0)°

The summarized results are:
f, =495.89--f  =5084-f,, =2117.47
As can be seen from the results above, the governing value is fe,. The compressive resistance for

weak axis buckling is then calculated according to this value.
f /

V| = L= & =2.429
fo 50.84

-1
\ C,=09(2.3 10°)(300)(1+ 2.429°**9)13¢ =98 51kN [98.50 kN]

The steel profile “PFC 160x65” as used under the conditions prescribed by example 3 is adequate in

terms of strength.
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9.2.2 Example 4 — Columns (continued)

The finite element model is exactly the same as in example
3. Thisisillustrated in Figure 9-12.
The design member construction is similar to that of
example 3, except for two changes.
(1) Theloaded stedl profiles are an “IPEaa 100" and an
“IPE 100".
(2) Aninterna lateral restraint is applied to the column
at 2.25m from its start point along its weak axis.
The application of the internal restraint isillustrated in
Figure 9-17.
The 2D view of the steel member isillustrated in Figure
9-18.

add internal restraints x|

CPTIOMNS

internal restraints (weak)
£ top flange v+

£ bottom flange vi-)
internal restraints (strong)
= =trong

offset 0.2625

Ok Cancel

Figure 9-17 Application of theinternal
restraint for example 4

ETTEEEEEEE— alol=

M Piols Dugr St D

Bz o 5 el 5| ElE| o) o)) @

Design Element.0 =y

/

i
DT -
Internal restraint

TR et

b e

Figure 9-18 Illustration of the steel membersin example 4

The internal axial force diagram of example 4 isidentical to that of example 3. Itisillustrated in

Figure 9-14.

The restraint conditions at the ends of the steel member illustrated are the same asin example 3.

Thisisillustrated in Figure 9-15.
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Asisshown in Figure 9-19, the weak axis of the steel column is divided into two parts, each with
their own set of adequate profiles. These two “segments’ represent the two portions of unbraced
length of the steel column. Each of the segmentsis designed on its own asiif it were an entire steel
member. The representation of the adequate profile(s) for the entire column is taken from the
intersection of all the adequate profile sets for each segment, similar to example 2.

COLUMN DESIGN
Load case :LoadCase A

Design Elamant.Q
START RESTRAINT CONDITIONS: (Weak axis Euler buckling) rotation free, translation fixed

EMD RESTRAINT COMDITIONS: (Weak axis Euler buckling) rotation free, translation fixed

This column is not continuously laterally restrained.
Steel Grade: AZ00W

Segment (xx) 0.00 - 3000.00
START RESTRAINT:
(e ak axiz Euler buckling) rotation free, translation fixed
EHND RESTRAINT:
(e ak axis Euler buckling) rotation free, translation fixed

Effective Length (Crd (mm: 00000 Effective Length factor(Crd: 1.00
haximum Acxial (kM) -50.00
adequate profiles
IFE-AA 100 Cr () (kM) = 10788
IFE 100 Cr () (kM) = 133.483

Segment {yy) 0.00 - 2250.00
START RESTRAINT:

e ak axis Euler buckling) rotation free, translation fixed
END RESTRAINT:

internal restraint

Effective Length (Cny) (mmi: 2250.00 Effective Length factor(Cna: 1.00
M aximum Acial (kMH): -50.00

adequate profiles
IFE 100 Cr () (kM) = 51.22

Segment {yy) 2250.00 - 4000.00
START RESTRAINT:
internal restraint
END RESTRAINT:
(e ak axis Euler buckling) rotation free, translation fixed

Effective Length (Cry) (mm: 1750.00 Effective Length factor(Cny): 1.00
Ml aximum Acxial (kM): -50.00

adequate profiles
IPE-AA 100 Cry) kM1 = 62.97
IFE 100 Cr i) (kM) = T2 .88

------------ 1y CEEEEeREees
Owverall Adequate Profiles
IFE 100

Figure 9-19 Text results of the design for example 4
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Hand calculated design: This section shows the hand cal cul ated design results and comparison
with the results from the application.
Classification of profiles
“IPEaa 1007
b = i =6.111< ﬂ
2%, 2(4.5) \/300
b S __ 7.639£ 6710
2%, 2(3.6) v/300
The profileisthus aclass 3 profile.
“IPE 100"
b _ 5 _4e05< 20
2%, 2(5.7) \/300
b S __ 6.707 £ 610
2%, 241 \/300

The profileisthus aclass 3 profile.

DesignElement.0

The member isfree to buckle about either it’s strong of weak axis. The buckling length of the weak
axisis reduced due to the presence of an internal lateral restraint being applied to the member. The
profile(s) that were chosen to represent the steel member under these design conditions are bi -
symmetrical | — sections resulting in the compressive resistance of the member to be based on
flexural buckling. Thisisdiscussed in chapter 4. The design is performed by testing the

compressive resistances of the member using both chosen profiles about both axes of the member.

The effective length factor calculated from the restraint conditions described earlier in this example
is1.0. [1.0]

The calculation of the compressive resistance is as follows.
Buckling about the strong or x — axis.

“IPEaa 100"

K>, _ 1.0(4000)
r 39.8

X

=100.5< 200 O.K.
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f
- KA, ~— =100.5 __ 30 =1.2389
r p°>E

\
; p*(200" 10°)

-1
n

C, =FAX (1+1 ")

The value of nistaken as 1.34 for hot rolled, fabricated steel sections.

-1
\ C, =0.9(0.856" 10°)(300)(1+1.2389***Y)134 =107.88kN [107.88 kN]
“1PE 100"
KA, _10(4000) _ g8 55 200 OK.

I 40.7

f
V1=K -~ =98.28 % =1.2115
o VpoE p®(200" 10%)

-1
n

C, =FAX (1+1 )

The value of nistaken as 1.34 for hot rolled, fabricated steel sections.

-1
\ C, =0.9(1.03 103)(300)(1+1.21152(1'34))1-34 =133.54kN [133.53 kN]

Both of these profiles are adequate in terms of compressive resistance about the strong axis.

Buckling about the weak or y — axis.
DesignElement.0 (Om — 2.25m)
“IPEaa 100”

K>, _1.0(2250)

ry

=185.950 < 200 O.K.

K f
= Y |—>— =185.950 % =2.292
r p*>E p(200° 10°)

y

\

-1
n

C, =F XA, (L+] ™)

The value of nistaken as 1.34 for hot rolled, fabricated steel sections.
_71

\ C, =0.9(0.856" 10°)(300)(L+2.29220-*)13+ = 40,736kN (FAIL]
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“|PE 100"
K >
v - 1.0(2250) _ 101 451 < 200 o
3 12.4
KoL, | f
= L |———= =181.451 # =223
L VP p°(200" 10°)

-1
C, =F XA, (L+] )

The value of nistaken as 1.34 for hot rolled, fabricated steel sections.

-1
\ C,, =0.9(1.03" 10°)(300)(1+2.236°"*")13 =51.227kN [51.22 kN]

As can be seen from the results, the IPEaa failsin terms of compressive resistance under the
stipulated member criteria. From the text results shown in Figure 9-19 it is shown that this profileis

not indicated under the “adequate profiles’ section for this segment.

DesignElement.0 (2.25m — 4m)

“|PEaa 100"
K X
v = 10A750) _ 144 628< 200 o
3 12.1
Ko, | f
\ | =—2, | 57—=144.628 2—%(,)7 A
e p°(200° 10°)

y
i_
C, =FxAX (1+]*")n

The value of nistaken as 1.34 for hot rolled, fabricated steel sections.

-1
\ C, =0.9(0.856" 10°)(300)(1+1.783**)13 = 62.99kN (62.97 kN]
“|PE 100"
K xL
v 2 L0U750) _4 41 129.< 200 OK.
r, 12.4
KoL, [ f
\ | =— | 5= =141.129 % -1.739
o VpE p?(200” 10°%)
-1

C, =F sAX (L+] ™)

The value of nistaken as 1.34 for hot rolled, fabricated steel sections.
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S
\ C,=0.91.03 10°)(300)(1+1.739°**9)13¢ = 78.932kN [78.88 kN]

As can be seen from the above calculations, both profiles are adequate for this segment.

The resultant adequate profile shown under the “ overall adequate profiles’ heading of the text

resultsis “IPE 100”. This profile was adequate in terms of compressive resistance for all segments.

9.3 Beam Columns

9.3.1 Example 5 - Beam Column

The finite element model loaded for
example 5 is briefly described as follows:
The finite element model loaded consists of
two Euler beam elements connected end to
end to form avertical continuous beam-
column. The beam — column isloaded as
illustrated with a 5S0kN downwards force
and a 10 kN horizontal force, causing
strong axis bending. The column is built in
against rotation and translation at its end
point, while thetip is free. The finite
element model is briefly illustrated in
Figure 9-20 along with the axial and
bending moment diagrams.

50 kN
Axial force Bending moment
10 kN v diagram diagram
—_— —_1
2 2m
® —1
(@) 2m

Figure 9-20 Finite element model for example 5

Application design input: In this section the design input and results of internal forces and end

forces are shown:
0 Design Elements =1
“DesignElement.0”

length =4m

The Design Element(s) are illustrated in Figure 9-21.
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M ol ke S B,

BEEAEE R EE L EE 8 E D

Design Element.0 PSR

~

{T1dn Ioaded: [2iixemarce sed Saneiog’ dhac o7 Dacrop o L P sl wo
motrl load croz loaded = pick

1] )

s

Figure 9-21 Illustration of the steel member s of example 5

0 Loaded profiles: Grade 300W for Design Set “ default”
“203x203x46" “H Profile”
o0 “DesignElement.0” Ultimate Forces

Axial Force = -50kN (compressive)
Shear Force (y) =-10.0 kN
Moments(zz) =-40.0 kN

0 Design Sets =1
“default” — “DesignElement.0”
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Fila

[0l ] e i3] Seemrazy | Bat cze1 | B ]| Torsion |
Axial Force

Design Elerment 0

bength {m) : .00

i wihs = 5000 wisde: 0l (}= 50 00
wan wids posdion = 000 wiskie: ol (L = 50 00
e ik = SN

e wokie poaliion = 6

Figure 9-22 Axial force diagram for example 5

(== E

il [t 113 || vty | b ) | e k|
Shear Force y
Eletreat0)

Design
lengthk =) : 4.00
W ke = 1 000 valie o (0= 1000

e wohe poshion = 000 wisdee ol L = -10 00
o wolkis = R
i Wil podllion = T35

Figure 9-23 Shear force diagram of example 5
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Figure 9-24 Bending moment diagram of example 5

Figure 9-22, Figure 9-23 and Figure 9-24 represent the non — zero internal force diagrams for
example 5.
The applied restraint conditions against lateral torsional buckling are as follows:
0 “DesignElement.0” Restraint conditions
(start) built in laterally and torsionally
(end) free
The applied restraint conditions against weak axis Euler buckling are as follows:
0 “DesignElement.0” Restraint conditions
(start) fixed
(end) free

The application of such restraint conditions areillustrated in Figure 9-25.
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edit restraink x|

CANTILEVER BEAR COLURMPM (start)

End conditions that are applicable
for lateral torsional buckling

& hit inflaterally and torsionally)
. continuous(lateral and torsional suppart)

. cortinuouslateral support only)

End conditions that are applicable
for out of plane Euler buckling
Farin plane Euler buckling, k=1.0

h\“|\“~3

= fixed

i pinned E !i

Ok | Cancel |

edit restraink x|

CANTILEVER: BEAR COLURME (end)

End conditions that are applicable
for lateral torsional buckling

% free end
™ |ateral restraint ohly(at compressian flange)
" torsional restraint only

™ |ateral and torsional restraint

End conditions that are applicable
for out of plane Euler buckling
Forin plane Euler buckling, k= 1.0

& free Tl

EREE

= roller

Ok | Cancel |

Figure 9-25 Illustration of therestraint conditions for example 5

BEAM COLUMN DESIGN
Load case :LoadCase A

Design Element.0
START RESTRAINT CONDITIONS:

END RESTRAINT CONDITIONS:

(Lateral torsional buckling) tip free

Steel Grade: AZ00W

Overall member strength

START RESTRAINT:

END RESTRAINT:

(Lateral torsional buckling) tip free

(Lateral torsional buckling) built in laterally and tersianally
(e ak axiz Euler buckling) rotation and translation fixed

e gk axis Euler buckling) retation and translation free

Thiz beam-column is not continuously laterally restrained along the compression flange.

Segment (xx) 0.00 - 3000.00

[Lateral torsional buckling) built in laterally and torsianally
(e ak 3xis Euler buckling) rotation and translation fixed

e ak axis Euler buckling) rotation and translation free

Effective Length factor (Cr<: 1.00 kappax :0.00

omegail=: 0.60 omegax ; 1.00

kappay : 0.00 omegady : 0.60

faximum Moment == (kH.m’: 40.00 hlaximum Maoment yy (kWN.m: 0.00
flaximum Sheary (kN -10.00 hlaximum Shearz (kN): 0.00
hlaximum Aeial (kWY -50.00 M aximum Tarsion (kM.mJ: 0100
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2022035 Cr () (kM1 = 137611 b (kH.m) = 134.19 My (kH.m) = 62.10
U4z =1.00 Uy =1.00 ratiox = 0.29
Maoment ratio = 0.3

Lateral torsional buckling strenith

Segment (Mcr) 0.00 - 4000.00
START RESTRAINT:
[Lataral torsional buckling) built in laterally and torsiaonally
e ak axiz Euler buckling) rotation and translation fixed
END RESTRAINT:
e ak axis Euler buckling) rotation and translation free
fLateral torsional buckling) tip free

Effective Length factar (ber) : 020 kappax :0.00

omegal=: 0.60 omegazx: 1.00

kappay : 0.00 omegaily : 0.60

M aximum hboment z= (kW m}: 40.00 bl aximum homent yy (kM.m): 0.00
Ml aximum Sheary (kM) -10.00 hlaximum Shearz (kN .00

Ml 3ximum Acial (kW -50.00 Ml aximum Tarsion (kN.m): 000

Segment (Crd 0.00 - 4000.00
START RESTRAINT:
[Lataral torsional buckling) built in laterally and torsianally
e ak axiz Euler buckling) retation and translation fixed
END RESTRAINT:
e ak axis Euler buckling) rotation and translation free
fLataral torsional buckling) tip free

ko =20 CrukM1=-50.0

20320346 b (kM. = 13419 hdmy (kM. = G2.10
U1 = 1.00 Uy = 4.00
Cry (kM) = 379.94 ratio =0.38  Moment ratio=0.3
------------ En -
Owverall Adequate Profiles

20320336 Wiy (kN1 = 264.33

Figure 9-26 Text results of the design for example5

The text design results are as illustrated in Figure 9-26. These results indicate the chosen steel
profile, namely “203x203x46", is adequate in terms of the design requirements as discussed in
section 4.

As can be seen from the text results, the steel member istested for 2 cases of resistance, namely the
overall member strength and (when applicable) the torsional buckling strength.

Hand calculated design: This section shows the hand cal cul ated design results and comparison
with the results from the application.

Classification of profiles
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“203x203x46"

h=203.2

b=203.2

tr=11

tw=7.3

ZZf = % =9.236< % —class 2 flange
Cu=50kN

C, =AX, =5.88" 10°(300) =1764kN

h-2t _2032- 241) _ ) 801 10K 39 0 8 | os1wed
t, 7.3 J300 & F 47645

The profileistherefore a class 2 profile.

DesignElement.0

Thiselement is not continuously braced along its weak axis, resulting in the lateral torsional
buckling strength to be included in the design process. Although the member is unbraced, the cross
sectional strength of the member is still tested.

The effective length of the member, for weak axis Euler buckling, is calculated as 2.0 due to the
restraint conditions described in the design makeup. [2.0]

The effective length of the member, for lateral torsional buckling, is calculated as 0.8 due to the
restraint conditions described in the design makeup. [0.8]

For strong axis Euler buckling, the effective length factor is taken as 1.0 due to a second order
analysis assumed from the finite element analysis. [1.0]

The capacity of the member is examined for the following strength cases and is based on the

085U, M, -, o

o . C
following interaction formula, C—” +

Cross — sectional strength
Dueto the fact that the member is unbraced, the cross sectional resistance test of the member is not

necessary. The application still performs the test but the results are not shown in the text results.

C, =F %A, =0.9(5.88" 10°)(300) = 1587.6kN [1587.60 kN]

M, =F »Z,, X, =0.9(497" 10°)(300) = 134.19kN.m [134.19 kN.m]
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w, =0.6- 0.4% 3 0.4
As can be seen from the bending moment diagram of this example, shown in Figure 9-24, the

largest end moment appears at the end of the member with the other end equal to zero. Thisresults

in avalue for k to be equal to zero. [0.0]
\ w, =0.6- 0.4(0.0)=0.6 [0.6]

2 2 I 3 I 6
c. = pxEx, _ p“(200° 10 )(425.6 10°) — 5695,61kN

L, (4000)

\ U, = _ 06 0.605

1- 50

5625.61
This value may not be less than 1.0 for the cross sectional analysis. [1.0]
The result of the interaction is therefore,
0 085(L0)(40) _565¢10 [0.28]

1587.60 134.19
The profileis thus adequate in terms of cross sectional strength as illustrated by the interaction
formula.
Overall member strength
The compressive resistance of the member is calculated for buckling about the strong axis, dueto

uniaxial strong axis bending.

1

C, =F A, [1+17)n

e -
LKA a 0 _ 1.0(4000) ® 300 9086
r, ép g 881 E07(200° 10%) 5

-1
\ C, =0.9(5.88" 10°)(300)(1+ 0.56*** )13 =1375.88kN [1376.11 kN]
M, =F 5, , =0.9(497" 10°)(300) =134.19kN.m [134.19 kKN.m]
Uy, = —&
1_ u
C

w, =0.6- 0.4x 3 04
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As can be seen from the bending moment diagram of this example, shown in Figure 9-24, the
largest end moment appears at the end of the member with the other end equal to zero. Thisresults

in avalue for k to be equal to zero. [0.0]
\ w, =0.6- 0.4(0.0)=0.6 [0.6]
\ U,, =1.0 for the overall member strength test of unbraced members [1.0]

The result of the interaction is therefore,

50, 0.85{L0)(40)
137588  134.19

The profileis thus adequate in terms of overall member strength asillustrated by the interaction

=0.29£1.0 [0.29]

formula.

Lateral torsional buckling strength
The compressive resistance of the member, as used in the interaction formula, is dependent on weak

axisor torsional flexural buckling.

C, =F %A, (1+] 2“)_nl

_KX, lef, 6_20(4000) & 300  6_
| == x| D= Ve I3 026
r, \&pPEg 512 \&p’(200° 10°) 5

-1
\ C, =0.9(5.88" 10°)(300)(L+1.926>**)-% = 380kN [379.94 kN]

The bending resistance of the member is based on lateral torsional buckling and not on cross
sectional resistance.

W, >E..2
M :KZ—):)\/EIYGJ+EE|O 1,c,

°' EKAL 5
The value of k remains O as calculated from the previous tests.
w, =1.75+1.05% +0.3xk? =1.75+1.05(0) + 0.3(0) =1.75
The design code as implemented in section 4, states that if there is no effective lateral support at any
of the ends of the member, the value of w, shall be taken as 1.0. The restraint conditions described
indicate that one of the ends of the member is completely free resulting in no effective lateral
support at that end.
\' ' w, =10 [1.0]
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N
\ 2OP) o007 1071547 10°)(77” 10%)(225" 10%) + FREAE0_107)9
0.8(4000) € (082000 5

= 364.26 kN.m > 0.67 M,
Thisvalueislarger than the value of 0.67M, = 0.67(141.9) = 99.9 kN.m. The bending resistance of

the segment is then calculated as follows:

@2 0.28XM, ¢
M, L1155 M, Bl — £ F oM,
MCT b

(15.4° 10°)(142" 10°)

= =136.63 KN.m > 134.19 KN.m
2

\ =1.150.9)(140.) & 2281490
e

Due to the fact that the value calculated is larger than @ M, the value of bending resistance is
calculated as ® M as discussed in section 4.

\ M, =F>M_ =0.9(149.1) =134.19kN.m [134.19 kN.m]
Uy = —&
1_ u
C

w, =0.6- 0.4% 3 04
As can be seen from the bending moment diagram of this example, shown in Figure 9-24, the

largest end moment appears at the end of the member with the other end equal to zero. Thisresults

in avalue for k to be equal to zero. [0.0]
\ w, =0.6- 0.4(0.0)=0.6 [0.6]
2 2 I 3 I 6
C. = p~xEx, _ p“(200° 10 )(425.6 10°) _ 5625.61kN
L, (4000)
\ U, = _ 06 0.605
1- 50
5625.61
This value may not be less than 1.0 for this particular test. [1.0]
The result of the interaction is therefore,
0 + 0.85%1.0)(40) _ 0.385£1.0 [0.38]
380 134.19
M, __40 =0.298 [0.3]
M 134.19

rx

The chosen profile, “203x203x46", is adequate in terms of strength as indicated under the “Overall

Adequate Profiles” section in the text results.
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9.3.2 Example 6 — Portal Frame

The finite element model consists of 8 Euler beam elements combined to form aframe structure.
Thisisillustrated in Figure 9-27. The frameis loaded as shown, causing bending about the strong
axis of the members. The supports of the frame prevent any horizontal and vertical translation,
while rotation is allowed. For the purpose of design, the finite element results are assumed to be

from a second order analysis, which include the sway effects of the structure in the analysis

80 kN
24 kN
(3) (6)
2 ™ om
) o —
@ 8 2m
| | |
4m 4m

Figure 9-27 Illustration of the loaded finite element model

Application design input: In this section the design input and results of internal forces and end
forces are shown:
o Design Elements =4
“DesignElement.0”
length =4m
“DesignElement.1”
length =4.12m
“DesignElement.2”
length =4.12m
“DesignElement.3”

length =4m
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For the purpose of this example, the internal force diagrams are shown for all Design Elements. The
text design results as generated by the application are shown for DesignElement.3. Thus the hand
calculations for Design Element.3 are used for comparison with the framework results.

0 Design Sets =2

“rafters’ — “DesignElement.1” “DesignElement.2”

“columns’ — “DesignElement.0” “DesignElement.3”
Loaded profiles: Grade 300W for Design Set “rafters’

“203x133x30" “I — section”
0 Loaded profiles: Grade 300W for Design Set “columns’

“254x146x31” “| — section”

(@)

o “DesignElement.0” Ultimate Forces
Axial Force = -68kN (compressive)
Shear Force (y) =-13.10kN
Moment(zz) =-52.39 kN.m

o “DesignElement.1” Ultimate Forces
Axial Force = -7.67kN (compressive)
Shear Force (y) = 14.29 kN
Moment(zz) =-52.39 kN.m

o “DesignElement.2” Ultimate Forces
Axial Force =-13.49kN (compressive)
Shear Force (y) =9.0kN
Moment(zz) =43.61 kKN.m

o “DesignElement.3” Ultimate Forces
Axial Force =-12.0kN (compressive)
Shear Force (y) =-10.90 kN
Moment(zz) =-43.61 kN.m

As stated in the beginning of this example, a second order analysisis said to be included in the
finite element analysis of the model. This results in the effective length factor for determining the
strong axis Euler buckling resistance of the members to be taken as 1.0.

Two internal restraints are placed along the length of “DesignElement.3”. The first internal restraint
isplaced at a position of 2m from the start point of the member. Thisinternal restraint is applied to
the top flange of the member. The second internal restraint is placed at a distance of 3m from the

start point of the member. Thisinternal restraint is applied to the bottom flange of the member.
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Figure 9-28 illustrates all the steel members and their internal restraints

i
s e
B 2| EE B @E D R nE |
|- Design Element.1 Design Element.2 - o
w ] =
T
Internal Restraint (3m)4 r
Design Element.0 Internal Restraint (2m)™> = R
E—;l
Design Element.3
=
! |
¥ . 1l [
Figure 9-28 Illustrating the design membersfor example 6
The axial force and bending moment
diagrams for each Design Element are

illustrated in Figure 9-30 and Figure 9-31.
The text design results of DesignElement.3
are shown in Figure 9-32.
The restraint condition of DesignElement.3
against lateral torsional buckling is asfollows:
unrestrained (free to rotate about the
vertical axis
pinned (trandation fixed, rotation free)
for weak axis Euler buckling
The restraint condition of DesignElement.3
against weak axis Euler buckling is as
follows:
pinned (trandation free, rotation fixed)
Thisis shown in Figure 9-29.

rBE&R - COLLIRM

End conditions that are applicahle
for lateral tarsional buckling

¥ Lnrestrained
i~ partially restrained
i~ practically fized

¥ TORSIOMALLY RESTRAIMED

End conditions that are applicable
for out of plane Euler buckling
Forin plane Euler buckling, k=1.0

DU

N 1 5
i~ free T

P?\‘Tz%

i~ fixed

= pinned

= roller

Ok | Cancel |

154

Figure 9-29 Restraint conditionsfor " DesignElement.3"
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Figure 9-30 Axial force and Bending moment diagramsfor " DesignElement.0" and “ Design Element.1”
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Figure 9-31 Axial force and Bending moment diagramsfor " DesignElement.2" and “ Design Element.3"
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Campany Mame:
Froject Name:
De=ign Enginesr:
D=te:

BEAM COLUMN DESIGN
Load case : LoadCase A

Design Element.3

START RESTRAINT COMDITIONS:

(e ak axis Euler buckling) rotation free, translation fixed
[Lateral tarsianal buckling) restrained against torsion

[Lateral torsional buckling) unrestrained against lateral bending

EMD RESTRAINT COMDITIONS:

[Wieak axis Euler buckling) rotation free, translation fixed
[Lateral torsional buckling) restrained against torsion

[Lateral torsional buckling) unrestrained against lateral bending

This beam-column is not continuously [aterally restrained along the compression flange.
Steel Grade: AZ00WF

Cross sectional strength

Segment (xx) 0.00 - 4000.00
START RESTRAINT:
[Wieak axis Euler buckling) rotation free, translation fixed
[Lateral torsional buckling) restrained against torsion
(Lateral torsional buckling) unrestrained against lateral bending
EMD RESTRAINT:
[Wieak axis Euler buckling) rotation free, translation fixed
[Lateral torsional buckling) restrained against torsion
[Lateral torsiaonal buckling) unrestrained against |ateral bending

Effective Length factor(Cr: 1.00 Eff length (mm) ; S000.00

omegadx: 060 omegax: 1.75

kappax : -0.00 amegaly : 0.60

M ax=imum Moment == (kN.m): -33.61 Maximum Moment yy (kM. m: -0.00

Ml a=imum Sheary (kM -10.90 Maximum Shearz (kM): -0.00

b aximum Az al (kM) -12.00 Maximum Torsion (kW.mj: -0.00

25819637 CrikM)=1279.80 b (kMLm= 130.95 hAny (kM. mY = 32.13
U= 1.00 Uy =100 ratio = 0.29

Moment ratio = 0.33
Owerall member strength

Segment (xx) 0.00 - 4000.00
START RESTRAINT:
[W'eak axis Euler buckling) rotation free, translation fixed
[Lateral torsional buckling) restrained against torsion
[Lateral torsional buckling) unrestrained against lateral bending
EHMD RESTRAINT:
[W'eak axis Euler buckling) rotation free, translation fixed
[Lateral torsional buckling) restrained against torsion
[Lateral torsional buckling) unrestrained against lateral bending
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Effective Length factar(Cr<): 1.00
omegal=: 0.60

kappax :-0.00

Maximum hMoment z= (kM. m: -43 .64
M aximum Sheary (kM) -10.90

Ml aximum Axial (kM3 -12.00

2841 Q63T Crix) kM) = 1174.19
U1 =060
Moment ratio = 0.33

Lateral torsional buckling strength

Segment (Mcr) 0.00 - 2000.00

START RESTRAINT:

(e ak axis Euler buckling) rotation free, translation fixed
(Lateral torsional buckling) restrained against torsion
[Lateral torsional buckling) unrestrained against lateral bending

EMD RESTRAINT:
internal restraint

Effective Length factar (Mer) : 1.00
omegal=: 0.60

kappax :-0.00

Maximum hMoment z= (kM. m: -241.80
M aximum Sheary (kM) -10.90

Ml aximum Axial (kM3 -12.00

Segment (Crd 0.00 - 2000.00

START RESTRAINT:

[Mieak axis Euler buckling) rotation free, translation fixed
[Lateral tersional buckling) restrained against torsion
(Lataral tarsional buckling) unrestrained against lateral bending

EMD RESTRAINT:
internal restraint

hory =10 CrukNi=-12.0
2514627 e kN.m) = 13095

U= 1.00
Cry (kM) = 99554

Segment (Mcr) 2000.00 - 4000.00

START RESTRAINT:
internal restraint
EMD RESTRAINT:

[Mieak axis Euler buckling) rotation free, translation fixed
[Lateral torsional buckling) restrained against torsion
(Lateral torsional buckling) unrestrained against lateral bending

Effective Length factar (Mer) : 1.00
omegal=: 0.20

kappax :-0.50

Max<imum Moment == (kN.m: -33 .61
Maximum Sheary (kM) -10.90

Ml a=imum Axial (kM3 -12.00

Eff length (mm) : S000.00
omegaZx: 1.75

omegaly : 0.60

bl aximum homent yy (kM. mj: -0.00
flaximum Shearz (kN): -0.00

Ml aximum Tarsion (kN.m): -0.00

b (kMLm= 13095
Uy = 061

by (hH.m) = 32.13
raticx=0.18

Eff length (mm) : 2000.00
omegadx: 1.75

omegaly : 0.60

bl aximum homent yy (kM. mj: -0.00
faximum Shearz (kN): -0.00

Ml aximum Tarsion (kN.m: -0.00

hiry (kN.mY =32 .13
Uy =-1.00
ratio =015 Moment ratio =017

Eff length (mm) : 2000.00
omegadx: 1.30

omegady : 0.60

flaximum Moment yy (kWN.m3: -0.00
hlaximum Shearz (kM) -0.00

Ml aximum Tarsion (kM.mJ; -0.00
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Segment (Cn 200000 - 3000.00
START RESTRAIMT:
internal restraint
END RESTRAINT:
internal restraint

ke =10 CrakM)=-12.0

25414637 M (kH.m) = 13095 My (kM. m) = 32.13
Ux=1.00 Uy =1.00
Cry (kM= 122323 ratic =029  Moment ratio = 0.33

Segment (Cnd 300000 - S000.00
START RESTRAIMT:
internal restraint
END RESTRAINT:
(Wieak axis Euler buckling) rotation free, translation fixed
[Lateral torsional buckling) restrained against tarsion
(Lateral torsional buckling) unrestrained against lateral bending

kery =1.0 Cru (kW) =-12.0

2649627 MrekN.m) = 13095 hdry (kM. m) = 3213
U= =1.00 Uy =1.00
Cry (kM= 122323 ratic =029  Moment ratio = 0.33
------------ Ly B e
Overall Adequate Profiles

25414537 Wiy (kN1 = 29106

Figure 9-32 Text design resultsfor " DesignElement.3"

As can be seen from the textual design results for DesignElement.3, the “254x146x37” steel profile
Is adequate for the given conditions.

Hand calculated design: This section shows the hand cal culated design results and comparison
with the results from the application.

For the purpose of the hand calculated results, only the results of “DesignElement.3” will be
investigated. The remaining members are similar to the previous example as shown in example 5.
Thus “ DesignElement.3” and the loaded profile of “254x146x37” will be hand cal cul ated.

Classification of profiles
“254x146x37"

h =256

b=146.4

tr =109

tw = 6.3
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b _1461__ 145
2%, (21.8) /300
Cu=12kN
C, =Ax, =4.07" 10°(300) =1221kN

— class 1 flange

h-2t _256- 2109) _ g, 15, 1100 o9 12 6 oot vep
t 6.3 J300 & F 42215

The profileistherefore aclass 1 profile.

DesignElement.3

This element is not continuously braced along its weak axis, resulting in the test for lateral torsional
buckling strength to be included in the design process. The member istaken to be part of a braced

frame for the purpose of this example.

The effective length of the member for strong axis Euler buckling istaken as 1.0 due to the finite
element results assumed to be from a second order analysis.. [1.0]

The effective length factor of the member for weak axis Euler buckling is 1.0 due to the restraint

conditions applied [1.0]
The effective length factor of the member for lateral torsional buckling is 1.0 due to the restraint
conditions applied. [1.0]
The capacity of the member is examined for the following strength cases and is based on the
following interaction formula, % +—O'85)(UlX Moy £1.0.
Cross — sectional strength
C, =F XA =0.9(4.74 10°%)(300) =1279.8kN [1279.8 kN]
M, =F X2, ¥ =0.9(485 10%)(300) =130.95kN.m [130.95 kN.m]
le = Wé:
1_ u
C

w, =0.6- 0.4% 3 0.4
The value of k isequal to theratio of the smaller end moment to the larger end moment. As can be
seen from the bending moment diagram of this example, shown in Figure 9-31, the largest end
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moment appears at the end of the member with the other end equal to zero. Thisresultsin avalue

for « to be equal to zero. [0.0]
\ w, =0.6- 0.4(0.0)=0.6 [0.6]
2 2 4 3 4 6
c. = p>EX, _p°(200” 10 )(525.5 10°) — 6847 04KN
L, (4000)
\ U, = _ 06 0.601
X 1- 12
6847.04

This value may not be less than 1.0 for the cross sectional analysis. [1.0]
The result of the interaction is therefore,

12 N 0.85(1.0)(43.61) _ 0.29£10 0.29]
1279.8 130.95
4361 _ 0.33£1.0 [0.33]
130.95

The profileis thus adequate in terms of cross sectional strength asillustrated by the interaction

formula.

Overall member strength
The compressive resistance of the member is calculated according to buckling about the strong axis,

due to uniaxial strong axis bending.

C, =F A (1+] 2“)_nl

=0.456

KA, [ f, 6_1.0(4000) \/ae 30 6
- b 0s

! Xx(} - 2 103 —
r, \&p’Ey 108 \&p’(200" 10°) 4

X

-1
\ C, =0.9(4.74" 10%)(300)(1+ 0.456°***):3 =1174.19kN [1174.19 kN]

M, =F xZ,,, , =0.9(485  10%)(300) =130.95kN.m [130.95 kN.m]

w, =0.6- 0.4% 3 0.4
The value of k isequal to theratio of the smaller end moment to the larger end moment. As can be

seen from the bending moment diagram of this example, shown in Figure 9-31, the largest end
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moment appears at the end of the member with the other end equal to zero. Thisresultsin avalue

for « to be equal to zero.
\ w, =0.6- 0.4(0.0)=0.6

_pPEA, _ p’(200° 10°)(55.5° 10°)

C., . = 6847.04kN
L, (4000)
VU, =— 28 g0
T 12
6847.04

The result of the interaction formulais therefore,
12 N 0.85(0.60)(43.61)

=0.18£1.0
1174.19 130.95
251 033210
130.95

[0.0]
[0.6]

[0.60]

[0.18]

[0.33]

The profileis thus adequate in terms of cross sectional strength asillustrated by the interaction

formula.

Lateral torsional buckling strength

The compressive resistance of the member, as used in the interaction formula, calculated is

dependent on weak axis or torsiona flexural buckling. Due to the presence of internal restraints
present along the length of the member, the Design Element is divided up into segments at the

positions of the internal restraints. Figure 9-33 illustrates these segments.

y Internal Restraint B1

(top flange) m
2m

F———— X
Internal Restraint
L (bottom flange)
2m | 2m B2
2m
1
C1 + c2

im

—

im

—

Figure 9-33 Illustration of the segments of " DesignElement.3"
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As can be seen from the above figure, the internal restraint at midpoint divides the member into two
main segments, B1 and B2. These segments represent the lateral torsional buckling lengths as well
as Euler buckling lengths about the weak axis of the member. The second internal restraint does not
create additional bending segments due to the fact that there is no compressive bending at the
bottom flange of the steel member at that point. The bending segment B2 is has two compressive
segments, namely C1 and C2. These represent the Euler buckling lengths of B2 due to the second
internal restraint. All these buckling lengths are illustrated in the textual design results for
“DesignElement.3".

The Euler buckling strength of segment B1 is calculated as follows

C, =F %A, (1+] 2“)_nl

Ko, |ef, 6_10(2000) [ 300 &_
| = X oy s = == =071
o \&pPEg 347 \§p*(200° 10°) 4

1

\ C, =0.9(4.74" 10°)(300)(1+0.711%**)13 =995 51kN [995.51 kN]

The bending resistance of the member is based on lateral torsional buckling and not on cross

sectional resistance.

.2
M :VIZZ):)\/EIYGJ+88pE 1,c,

cr 8K 9 ﬂ
The value of k is calculated from the end moments.
0

k=——=0 [0.0]
21.81
w, =1.75+1.05% +0.3>%> =1.75+1.05(0) +0.3(0) =1.75 [1.0]
’ 3 ..2
\ L.75(p) 200" 10%(5.71 10°)(77° 10°)(155" 10°) +§M3 (5.71 10°)(85.7" 10°) =
(2000) & (L0)2000 g4

684.06 kN.m > 0.67 M,
Thisvalue islarger than the value of 0.67M,, that is calculated as 97.49 kN.m. The bending

resistance of the segment is then calculated as follows:

e 028 _06
M, =115% M, 1 —— 2 26 F M,
e cr (%]
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\ :1.15(0.9)(145.5)?- 0284596 _ 141 62 kN.m > 130.95.kN.m

84.06 g
Due to the fact that the value calculated is larger than @ M, the value of bending resistance is
calculated as @ M, as discussed in chapter 4.

\ M, =F M, = 0.9(145.5) =130.95kN.m [130.95 kN.m]
Uy =—%
1- u
C

w, =0.6- 0.4% 3 0.4

The value of « is equal to the ratio of the smaller end moment to the larger end moment. This results

in avalue for k to be equal to zero. [0.0]
\ w, =0.6- 0.4(0.0)=0.6 [0.6]
2 2 4 3 4 6
c. = p>EX, _p°(200” 10 )(525.5 10°) _ 97388.15KN
L, (2000)
__ 06  _
\ le - 1-7 - 06
27388.15
This value may not be lessthan 1.0 for this particular test. [1.0]
The result of the interaction is therefore,
12 N 0.85(1.0)(21.8) _ 015£10 (0.15]
995.51 130.95
218 _ 0.166£1.0 [0.17]
130.95

This segment is therefore adequate in terms of lateral torsional buckling strength with the chosen
profile provided.

The lateral torsional buckling strength of segment B2 is calculated as follows

-1
C, =F A (1+] ™)
As can be seen in Figure 9-33, B2 is further subdivided into two smaller segments C1 and C2.

These segments have the same length of 2m. The calculation of the compressive resistance of the

member is based on these smaller segments.
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The compressive resistance of C1 and C2 isasfollows:

oL f.. -
o yxfgezy 2:1.0(1000)\/an 300 0_ g
r, \&pPEg 347 \Ep?(200° 10°) 4

1

\ C, =0.9(4.74" 10°)(300)(1+0.356%**)1% =1223.09kN [1223.23 kN]

The bending resistance of the member is based on lateral torsional buckling and not on cross

sectional resistance.

.2
M, = WP ElyGJ+aep_Eg 1.C,
K X SKA g

The value of k is calculated from the end moments.

k=-218_ o5 [-0.5]
43.61
w, =1.75+1.05% +0.3xk* =1.75+1.05(- 0.5) + 0.3(- 0.5)* =1.3 [1.3]

s Ay 2
\ 130 oo 1075717 10°) (777 10°)(155° 1o3)+28{"’)(200 1999 5717 10°)(85.7” 10°)
(2000) & (1.0)2000

=508 kN.m > 0.67 M,
Thisvalueislarger than the value of 0.67Mp, that is calculated as 97.49 kN.m. The bending
resistance of the segment is then calcul ated as follows:

= 028M 6
M, =115 M gl —— 2 £ F M,
e Mcr (%]
\ :1.15(0.9)(145.5)§?L- %2 - 138,51 kN.m > 130.95 kN.m
(%]

Due to the fact that the value calculated is larger than @ M, the value of the bending resistanceis
calculated as @ M as discussed in chapter 4.

\ M, =F »M_ =0.9(145.5) =130.95kN.m [81.27 kN.m]
le = Wé:
1- u
C

w, =0.6- 0.4% 3 0.4
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The value of k isequal to theratio of the smaller end moment to the larger end moment. Thisvalue
was calculated to be -0.5.
\ w, =0.6- 0.4(1.3)=0.8 [0.9]

_ pPEN, _p?(200° 10°)(55.5" 10°)
=« L (2000)°

X

C = 27388.15kN

_ 0.8
w12
27388.15

This value may not be less than 1.0 for this particular test. [1.0]

\ U =0.8

The result of the interaction is therefore,

12, 085(1.0)(4361)
1223.23 130.95

4316 _ 433210 [0.33]

130.95
This segment is therefore adequate in terms of lateral torsional buckling strength with the chosen

=0.29£1.0 [0.29]

profile provided.

Shear
The shear resistance of the chosen profile is calculated as follows:
V. =F XA X,

The effective shear area, A, is calculated by the formula h(t,). Thisisillustrated as follows:
A, =hx, =256(6.3) =1612.8mm?

The shear strength, fs, is calculated by the following formula:

f,=0.66>, = 0.66(300) =198MPa

\ V. =0.9(1612.8)(198) = 290kN > 10.9kN [291.96 KN]

From all the hand calculated tests, the chosen profile of “254x146x37” is adequate in terms of
strength. Thisisindicated under the “overall adequate profiles’ heading of the text results.

Figure 9-34 illustrates the chosen profilesin 3D.
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Figure 9-34 Illustration of the 3D view for example 6
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10 Conclusions and Recommendations

10.1Conclusions

The criteriafor success defined in the synopsis were met in this thesis.

A detailed specification for designing and representing structural steel members was devel oped.
The design methods of the specification were developed according to the new South African code,
namely SANS 10162 Code of Practice for the Structural Use of Seel: Partl: Limit States Design of
hot — rolled steelwork — 2005.

An object oriented framework and associated graphical user interface (GUI) for designing the
structural members were devel oped and implemented. The primary objectives of the framework and
GUI defined in the synopsis were achieved. They were as follows:

Member Design Model: The development of a separate structural member design model that
focuses solely on structural member design. This model makes use of the data from the associated
finite element model and appliesit in the relevant manner to the design code.

Structural Members: Special elements were developed to represent structural members from a
design perspective. These special elements were called Design Elements. Design Elements were
created to be independent of the topology of the finite element model, yet dependent on the
geometry of that model. This enables more control over physical member lengths and end points.
These special elements were developed to be generic in terms of material type and thus independent
of design code. Consequently, Design Elements can be specialized for any materia type, e.g. stedl,
concrete, timber etc.

Structural Steel Members: An extension of a Design Element, namely an SSDesignElement, was
created for the specific design of hot — rolled structural steel members. This element was created to
be capable of being accountable for the design procedures prescribed in SANS 10162: Partl: Limit
Sates Design of hot — rolled steelwork — 2005.

End conditions: End conditions for structural steel members (SSDesign Elements) were devel oped
to be independent of the end conditions as stipulated in the finite element model. Finite element end
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conditions refer to the restricting of finite element degrees of freedom. This was viewed as
inadequate for design purpose. Restraint conditions conforming to the implemented design

standards and physical end connection were implemented.

Framework: The framework and GUI were built on an existing architecture that allows for
structural analysis, structural steel member design and connection design within asingle
application. Forces and moments for both member design and connection design are obtained
directly from the structural analysis model, and member data required for connection design is, in
turn, directly available from the member design model. This ensures the consistency and
effectiveness of the complete design process. The underlying architecture also supports

collaboration in a communication network.

Conclusion: From the above it is concluded that the objectives of the study have been met.

10.2Recommendations

Recommendations stemming from the results of this study are:
A Design Element could be produced to represent common repetitive membersin a
structure. This Design Element should be able to be “copied” over the repetitive membersin
astructure in place of creating new ones.
Axial resistance of a Design Element could include the resistance of its end conditions due
to the connections used.
Allowance for changes in the topology in afinite element model, e.g. number of finite
elements used to represent a member, number of nodes, etc, without having to recreate the
design model. The Design Model could therefore update itself and allow for a non static
finite element model.
The introduction of the cost and availability of steel profilesthat areto be used in a
structure. This factor could be included in the overall design of a structure and thus
determine the overall outcome.
The automatic determination of design type. The design type of Design Elements could be
determined automatically through inspection of the internal loading and other factors
without having to manually select a design type.

Allowance for manually setting effective length factors of the design members.
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Appendix A Model Files

Model file for beam.model.

node nl {000. 000. O0.};
node n2 {200. 000. O0.};
node n3 {400. 000. O0.};
mat eri al mat 200e9 0.3 7850.
section sec 2.85e-3 19.4e-6 1.42e-6;
frame f1 {n1,n2} mat sec 0 true
frame f2 {n2,n3} mat sec 0 true
support sl nl {x,y, z, Xx};
support s2 n3 {Xx,vy, z};
nload |11 n2 50000 {O0,-1.,0};
| case LoadCase A;
addl oadt ol oadcase |1 LoadCase A;
anal yse;
setresult LoadCase A;
store beam nodel

Model file for column.mode!.

node nl {000. 000. O0.};
node n2 {000. 200. O0.};
node n3 {000. 400. 0.};
mat eri al mat 200e9 0.3 7850.
section sec 2.85e-3 19.4e-6 1.42e-6;
frame f1 {nl,n2} mat sec O false
frame f2 {n2,n3} mat sec O fal se
support s1 nl {x,y,yy};
nload 'l n3 50000 {O0,-1.,0};
| case LoadCase A;
addl oadt ol oadcase | 1 LoadCase A;
anal yse;
setresult LoadCase A;
store col umm. nodel

Model file for column2.model.

node nl {000. 000. O0.};
node n2 {000. 200. O0.};
node n3 {000. 400. O0.};
mat eri al mat 200e9 0.3 7850.
section sec 2.85e-3 19.4e-6 1.42e-6;
frame f1 {nl,n2} mat sec 0 fal se
frame f2 {n2,n3} mat sec O fal se;
support s1 nl {x,y, zz};
nload 11 n3 50000 {0.2,-1.,0};
| case LoadCase A;
addl oadt ol oadcase | 1 LoadCase A;
anal yse;
setresult LoadCase A;
store col uma2. nodel
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Model file for frame.model.

node nl {000. 000. O0.};

node n2 {000. 200. O0.};

node n3 {000. 400. 0.};

node n4 {200. 450. 0.};

node n5 {400. 500. O0.};

node n6 {600. 450. 0.};

node n7 {800. 400. 0.};

node n8 {800. 200. O0.};

node n9 {800. 000. O0.};

material mat 200e9 0.3 7850.
section sec 2.85e-3 19.4e-6 1.42e-6;
frame f1 {nl,n2} mat sec 0 fal se
frame f2 {n2,n3} mat sec O fal se;
frame f3 {n3,n4} mat sec 0 false
frame f4 {n4,n5} mat sec 0 false
frame f5 {n5,n6} nat sec O fal se;
frame f6 {n6,n7} nat sec O fal se;
frame f7 {n7,n8} mat sec 0 fal se;
frame f8 {n8,n9} mat sec 0 fal se;
support s1 nl {x,y};
support s2 n9 {x,y};

nload 11 n3 80000 {0.3,-1.,0};
| case LoadCase A;
addl oadt ol oadcase |1 LoadCase A;

anal yse;

setresult

LoadCase A
store frane. nodel
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Appendix B Database Tables

Stedl Profiles: (aparald flange | profileis displayed here as an example)

B Isecpf: Table N -0l x|
Prafdes h b o | tf | «
; 152.4] 8.9 4.6 7.7
_1?8}{1[@}{19 177 .8 101.6 4.7 7.9
| [203x133x25 2032 133.4 5.8 7.8
| [203%133x30 20R.8 133.8 E.3 9k
L [254x14Bx31 251.5 146.1 6.1 a.b
|| 254k 146x37 286 146.4 G.4 10.9
| [254x146x43 2896 147 .3 7.3 12.7
| [305x102x25 a04.8 101.6 5.8 E.8
_3D5}{1D2}{29 a0a.9 101.9 E.1 B89
Record: | | i |He| of 53 4 | | _le
B8 Isecpf : Table -0 x|
Field Mame Daka Tvpe Descripkion | =
EL FrofFdes] Texk The description of the profile
|k Murnber The height: of the crass section
| |b Murnber The width of the flanges
| [bw Mumber The thickness of the web
| |tF Murnber The thickness of the flange
|l Murnber | The radius of the welds
| [m Mumber The mass per unit lengthim] of the cross section
| |A Mumber The cross sectional area
| |Ix Murnber | The mament of inertia about the x axis of the profile
|| Fex Murnber | The elastic section modulus about the x axis of the profile
e Mumber | The radius of gyration about the x axis of the profile
| [Ty Mumber The moment of inertia about the v axis of the profile
I =T Murmber The elastic section modulus about the v axis of the profile
|y Murmber The radius of gyration about the v awxis of the profile
{2 Mumber St Wenank korsional constant
| [T Mumber \Warping conskank
|| Zplx Murmber The plastic section modulus about the 2 axis of the profile
|| Zply Murmber The plastic section modulus abouk the v axis of the profile
| [hw Mumber The height of the web of the profile
Field Properties
General | Lookup |
Field Size 1z
Forrmak
Inpuk Mask,
Caption
Default Yalue & field name can be up to
Yalidation Rule &4 charackers long,
‘Walidation Text including spaces, Press Fl1
Required Mo For help on Field names.,
Allow Zero Length Mo
Indexed Yes (Mo Duplicates)
Unicode Compression Yes
IME Mode Mo Control
IME Sentence Mode Mone
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Steel Grades:
B SteelGrades : Table =10 x|
fiy fu = 5 | Foisson
300 450 200000 7700 0.3
350 450 200000 7000 0.3
record: 14 4 || T TR
| B SteelGrades : Table o =]
I Field Mame Data Type Descripkion | &
TH Grade Text The kype of steel used for the profiles
' Fue Mumber The wield stress of the steel prafile
fu Murmber The ultimate strength of the steel profile
E Mumber Young's modulus For the steel profile
5 Mumber Shear modulus for the steel profile ;I
Field Properties
General I Lookup |
Field Size 50
Farrmak
Input Mask,
Capkion
Default Yalue & Field name can be
Validation Fule up to 64 characters
Y long, including
I""al'de_'t":'n Tt spaces. Press F1 for
Required Mo help on field names.
Allow Zero Length Mo
Indexed Yes (Mo Duplicates)
IUnicode Compression Yes
IME Mode Mo Control
IME Sentence Mode Mone
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