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FOREWORD

Since introduction of the limit state design philosophy focussing on the structural be-
haviour at limit states instead of controlling the allowable material stress used in the old
permissible stress design concept, the true structural behaviour is ever sought by large-
scale testing and numerical modelling. For the ultimate limit state, the collapse behaviour
is of paramount importance under the action of static or dynamic loads. The safety of a
structure can then be insured by inspecting the response of a structure under the action of
design or expected loads during the life of a structure.

Based on second-order analysis allowing for the practical nature of external forces and
structures such as load eccentricity and initial imperfections, the “Nonlinear Integrated
Design and Analysis (NIDA)” concept has been applied by the authors in the design of a
number of unconventional structures such as steel trusses, space frames, steel and bamboo
scaffolding and pre-tensioned steel trusses. In NIDA, the linear structural model can be
used since it allows modelling by a single element for each member and the uncertainty in
assuming an effective length and for checking of structural instability is eliminated. How-
ever, this approach relies on the currently used first-plastic-hinge concept and collapse
behaviour allowing for geometrical and material non-linearities of an indeterminate struc-
ture is not studied. As a result, the advantages of indeterminacy and reserve in strength
after the first plastic hinge cannot be fully exploited.

The availability of low-cost personal computers in the past decade or so has provided
a golden opportunity for the use of sophisticated and refined methods of analysis requir-
ing extensive computational time and effort. This includes the collapse analysis of steel
frames allowing for geometrical and material non-linearities and under time-dependent
loads. On the other hand, reliable and simple kinematic formulations for geometrical
change and material yielding are still essential along with the powerful computing ma-
chines of huge memory and high speed, not only because of saving in computer time,
but they also will provide the practitioners with a physical insight into the structural be-
haviour. Engineers may like to have a physical grasp and to examine the significance of
varying some parameters such as the effect of adopting more flexible joints on the over-
all response of a structure. This study is trivial by the present method but becomes too
coarse and uncertain for the linear analysis with empirical formulae such as the Rankine—
Merchant equation and too complicated by the finite shell element analysis. A general
feel is that the mathematical computer model should be a true reflection of the overall
structural characteristics so that the finite plate elements should be used to model a plate
structure with two lateral dimensions much larger than the third dimension or thickness.
Similarly a skeletal structure should be modelled by the one-dimensional beam-column
element instead of a patch of shell elements. On the other hand, the shell elements should
be more appropriate for study of local effects and stress concentration, but not for overall
structural design and analysis in a design office.

This book is devoted to the discussion and studies of simple and efficient numerical
procedures used in a personal computer for large deflection and elasto-plastic analysis of

vii



viii Foreword

steel frames under the attack of static and dynamic loads. The text is designed for use
by senior undergraduates and post-graduate students specialised in non-linear analysis of
steel structures. This includes B.Eng., B.Sc. and M.Sc. students taking courses in related
subject and M.Ph. and Ph.D. students researching advanced structural engineering and
steel structures. This text can be used by practising engineers involved in advanced struc-
tural analysis and design of steel structures. The arrangement of this text is in the order of
complexity. In Chapter 1, the basic fundamental behaviour and philosophy for design of
structural steel is discussed. Emphasis is placed on different modes of buckling and the
inter-relationship between different types of analysis. An introduction to the well-known
P-§ and P-A effects is also given. Different levels of refinement for non-linear analy-
sis are described and their limitations and advantages are summarised. In Chapter 2, the
basic matrix method of analysis is presented. The linear stiffness and transformation ma-
trices are derived from the first principle. Several examples of linear analysis of semi-rigid
jointed frames are included. It is evident that one must have a good understanding of linear
analysis before handling a second-order non-linear analysis. In Chapter 3, the linearized
bifurcation and second-order large deflection are compared and the detailed procedure
for a second-order analysis based on the Newton—Raphson scheme is described with the
aid of a flow-chart. This load control iterative scheme can be used in the investigation
of the structural response at design load level, but it is handicapped by divergence at
limit load. In Chapter 4, various solution schemes for tracing of post-buckling equilib-
rium paths are introduced and the Minimum Residual Displacement control method with
arc-length load step control is employed for the post-buckling analysis of two and three
dimensional structures. Connections play an important role in the behaviour of moment-
resistant steel frames. Chapter 5 is addressed to the non-linear behaviour and modelling
of semi-rigid connections. Several numerical functions for description of moment versus
rotation curves of typical connection types are introduced. The inclusion of semi-rigid
connections and material yielding to the static analysis of steel frames is described in
Chapter 6. The scope of the work in this Chapter is of general practical interest since the
“Advanced Analysis” can be implemented by the described solution method with incorpo-
ration of design requirements stipulated in various design codes such as out-of-plumbness
and member initial imperfections. In Chapter 7, the cyclic response of steel frames with
semi-rigid joints but elastic material characteristics is studied. This assumption allows
us to concentrate on the influence of semi-rigid connections over the global structural re-
sponse and the effects of using various connection types on the structural behaviour. In the
last Chapter 8, the combined effects of semi-rigid connections and plastic hinges on steel
frames under time-dependent loads are studied using a simple springs-in-series model.
For computational effectiveness and efficiency, the concentrated plastic hinge concept is
used throughout these studies. The plastic hinge model adopts the section assemblage
concept in which material in web takes axial force and in flange takes bending moments.
This model is general, does not require pre-requisite plastic moment-axial force interac-
tive function and can be applied to many types of sections.

This book is structured to study the non-linear behaviour of steel frames under static
and time-dependent loads in a way of increasing difficulty with the first few Chapters
covering simple material and the last few Chapters dealing with more complicated prob-
lems with various sources of non-linearity. The text is hoped to make a contribution to the
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implementation of the fascinating and elegant non-linear analysis and design concept to
practical steel structures. With this computational skill and technique, better understand-
ing of structural behaviour can be modelled and obtained, based on which more innovative
structural schemes can be invented and constructed safely and economically.
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