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This extensively revised guidance with worked examples will be of use to both 

students and engineers looking to use precast concrete for design to the 

Eurocodes, concludes Jenny Burridge.

Precast Concrete 
Structures ( 2nd ed.)
Author: Kim S. Elliott
Publisher: CRC Press
Price: £63.99
ISBN: 978-1-49872-399-2

This is the second edition of Dr Elliott’s 
comprehensive guidance on the design of 
precast concrete structures and it has been 
extensively revised to include design to 
Eurocodes. Like the fi rst edition, it makes use 
of worked examples so that the design can be 
followed simply. 

It starts with a discussion about what makes 
precast concrete diff erent, then covers the 
materials used, with a short section on the 
fabrication methods.

Eurocode 2 allows the use of strut-and-tie 
analysis methods and this is very useful in the 

analysis of precast structures, possibly more 
so than for in situ structures. Dr Elliott provides 
both an explanation of the method and a 
worked example of a precast wall acting as a 
deep beam.

Another useful part of the book is devoted to 
joints and connections, both the typical types 
available to the designer and how the design is 
carried out.

The book fi nishes with a worked example for 
the design of a 10-storey frame using precast 
elements of beams, columns, walls, slabs and 
the external facade. This includes a number 

of span-to-load graphs which will be of use to 
anyone wanting to size precast elements.

The book is well illustrated with photographs 
to show typical details for precast concrete 
structures and also clear diagrams to increase 
the reader’s understanding of the design and 
construction of precast concrete structures.

The book is intended to be used by lecturers 
and students of civil engineering, but it is a very 
useful reference for all engineers looking to use 
precast concrete and needing to know how 
the design diff ers from in situ concrete. Indeed, 
many of the worked examples would help with 
the design of in situ, precast or hybrid concrete 
elements. 
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Principles of steel

beam design

The key to understanding the design of 

steel beams is to determine whether or 

not the beam is restrained against lateral 

torsional buckling. This subject is covered 

in the Level 1 (N
o. 16) Technical Guidance 

Note: Lateral torsional buckling. If a beam is 

restrained, all that needs to be checked is 

the bending moment and shear resistance 

of the beam as well as serviceability limits 

against the applied load/actions.  All 

of which are based on the beam’s core 

properties. 

If the beam is unrestrained along any part 

of its length however, then there is a risk 

it will fail due to lateral torsional buckling.  

To address this, Eurocode 3 establishes 

reduction factor that is applied to the 

ment resistance of the beam. 

is the cornerstone 

ign within 

Designing a steel beam

Introduction

This Technical Guidance Note is the first of the Level 2 guides. Guides in 

this next level build on what has been described previously in the Level 1 

series. The topics covered at Level 2 are of a more complex nature as they 

typically deal with the design of elements as opposed to core concepts 

such as loading and stability. As such, the amount of prior knowledge the 

reader is assumed to have is at the very least the contents of relevant Level 

1 Technical Guidance Notes.

The subject of this guide is the design of non-composite steel beams to BS 

EN 1993-1-1 – Eurocode 3: Design of Steel Structures – Part 1-1: General 

Rules for Buildings. It covers both restrained and unrestrained rolled steel 

‘I’ and ‘H’ beam sections. It does not encompass the design of ‘T’ sections, 

hollow sections, castellated beams, angles and welded sections.
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strength. Table 1 defines what the yield 

th should be for the most common 
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Note 1 Level 2

Description

Variable

b

Width of flange

h

Depth of beam

z-z

Minor axis

y-y

Major axis

d

Depth of web

tw

Thickness of web

t f

Thickness of flange

r Radius of root fillet between web and flange

Wpl,y
Plastic section modulus about the y-y axis

Wel,y
Elastic section modulus about the y-y axis

i z
Radius of gyration about the z-z axis

A
Cross sectional area of the beam

I yy
Second moment of area about the y-y axis

tation used in Eurocode 3

• Principles of steel 

 beam design

The use of timber as a structural material is not new, in fact dating 

back many centuries. As time passes, developments in the various 

types of timber components which are available and their use in 

diff erent structural forms have occurred; new advanced timber 

products are now available enabling structural engineers to achieve 

the performance and effi  ciency in building forms being demanded in 

the 21st century.

There are thousands of species of tree from which timber can be 

obtained, each with diff erent rates of growth, structural properties 

and degrees of durability. The timber supply chain has responded to 

nature’s variability and now provides repeatable product supply from 

managed forests. The industry has also created grading processes 

to deliver reliable technical performance (grades) for these products. 

The UK construction industry generally uses the word ‘timber’ to 

describe structural products of wood, whereas in North America 

the word ‘lumber’ is used. ‘Wood’ is often used to describe furniture 

and other non-structural items. Nevertheless, all three terms are 

commonly used to describe structural products.

Timber is categorised as either ‘softwood’ or ‘hardwood’. Softwood 

is obtained from coniferous trees and hardwood comes from 

broad-leaved trees. Softwood and hardwood are botanical terms 

and do not necessarily refer to the density or hardness of the 

wood. For example Balsa, which is known to be soft and used for 

building lightweight models, is a hardwood whereas Douglas Fir is a 

softwood with good durability and high strength properties.

Softwood is commonly used for timber structures (Figure 1) as it is 

This new series of technical 

articles will gradually build to 

form a Timber Engineering 

Notebook. Written by Chartered 

structural engineers Milner 

Associates with contributions 

from industry specialists, on 

behalf of the UK Timber Frame 

Association (UKTFA), the series 

aims to provide basic technical 

information on the use of timber 

as a structural medium, for the 

practising structural engineer.

 By way of setting the scene, 

the fi rst paper in the series 

provides a historical and 

technical background to natural 

sawn timber as a structural 

material. Subsequent papers will 

cover the range of engineered 

timber materials (engineered

wood products) and compo

wood products commonly 

available and diff erent type

timber structures in more d

 It’s hoped that as the Ti

Engineering Notebook ser

develops, it will become a

essential source of techn

information for anyone 

interested in and/or wor

with timber - and we loo

forward to providing th

quality, peer-reviewed 

material to members o

Institution.

Te

Timber Engineering Notebook

Timber Engineering 

Notebook series 

In January 2013, Institution Director of Engineering and 

Technical Services, Sarah Fray, heralded a new technical 

support initiative; a series of articles focussing on specifi c 

materials and their use. CEO of the UK Timber Frame 

Association, Andrew Carpenter, introduces the series…

No. 1: Timber as a structural material - an introd

readily available, easily worked, of r

of growth gives a continuous suppl

Hardwoods are typically used for e

where durability and particular ae

colour or grain pattern, are requir

N   Figure 1

Softwood timber frame construction usi

TSE15_33-38.indd   33

Technicians may also find these notes helpful when looking to 

develop a greater understanding of structural design - which may 

bring benefits to the overall quality of structural detailing and also 

enhance an individual’s career. The Technical Guidance Notes are intended to be easily 

accessible. Each note is designed to form part of the foundation of 

a personal technical reference library which can be continuously 

referred to. In developing the strategy for the Technical Guidance 

Notes, we have been conscious of the need to provide sound 

foundations from which design skills can be developed, and so 

basic structural engineering fundamentals are presented initially; 

the implementation plan for the series has identified second 

and third tier subjects which, in the medium term, will address 

structural engineering principals at increasingly complex levels.

It should be noted that we have decided to adopt titling using 

traditional UK terms such as ‘loading’ rather than Eurocode terms. Whilst the notes have been written to adhere to the Eurocodes we have taken the view that adopting the Eurocode titles would not aid the accessibility for the relatively inexperienced. I hope that many of you will benefit from the series and will make use of those guidance notes that are particularly applicable to your field. The first two, entitled: ‘Principles of design’ and ‘Derivation of dead loads’ follow. E

The Technical Guidance Notes are one of a range of initiatives 

planned by the Institution’s Engineering and Technical Services 

Department to increase the practical support offered to members.

The notes have been conceived to provide technical guidance 

to both undergraduates and those in the early stages of their 

careers, with the intention of helping them to gain skills and 

technical competence in the workplace and hence increase their 

individual value to the businesses they contribute to. Experienced 

Technical Guidance Notes: an introduction

Sarah Fray Director

I HOPE THAT MANY OF YOU WILL BENEFIT FROM THE SERIES AND WILL MAKE USE OF THOSE GUIDANCE NOTES THAT ARE PARTICULARLY APPLICABLE TO YOUR FIELD

LEVEL 3
Complex design 

concepts

LEVEL 2
Element design and communication

LEVEL 1
Core design 

concepts

In his editorial of 18th October 2011, Managing 
Editor Lee Baldwin heralded the introduction of a 
series of ‘Technical Guidance Notes’. Sarah Fray 
- Director: Engineering and Technical Services 
provides an introduction to the series.
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Introduction

This short note highlights some of the salient aspects of the design 

and construction of liquid-retaining structures in reinforced concrete 

(Figure 1). This guidance is based on Eurocodes BS EN 1992-1-1 1 and 

BS EN 1992-3 2 and the corresponding UK National Annexes. This is 

not an exhaustive treatment of the subject and the reader is advised 

to refer to The Concrete Centre book on concrete basements 3 and 

CIRIA publication C660 4 as basements and tanks have many aspects in 

common.W
atertightness

In the design of containment structures, liquid tightness is a critical 

consideration. The structural engineer should discuss and agree with 

the client the liquid tightness requirements. Colloquial phrases such 

as ‘waterproof’ construction are best avoided; instead the engineer 

should agree the degree of leakage that can be tolerated using the 

classifi cation of tightness classes shown in Table 1. This, in turn, will lead 

to limiting crack widths that should be used in structural design. 

Tightness class 1 is the most usual class for utilitarian water-retaining 

structures and limiting crack widths is normally suffi  cient to achieve this 

class. For tightness classes 2 and 3 it will not be suffi  cient to limit crack 

widths alone. Liners and/or prestressing will be required to meet the 

requirements.
In addition to correct design, liquid tightness also depends on the use 

of an appropriate concrete mix and good workmanship on site. Good 

compaction of concrete is essential. 

Durability and selection of m
aterials

Concrete should be specifi ed in accordance with BS EN 206 5,6 and 

BS 8500 Parts 1 and 2 7,8. All materials in contact with potable water 

will need to comply with specifi c regulations. The Civil Engineering 

Specifi cation for the W
ater Industry 9 provides useful information

Well-compacted concrete is essential for durability. Genera

thickness of members should be at least 250mm to perm

compaction. However, the thickness should not be e

reinforcement required increases with the thickn

The likely exposure classes for diff erent e

Table 2.Cover requirements in BS EN 1992

apply. It is good practice to use

face in contact with liquid a
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Conservation principles

January 2015

Many years ago, in the 1980s, the author was looking up at window joinery repairs at Ightham Mote, a 14th century property belonging to the National Trust in the UK. Short sections of oak transom had been pieced into the middle of the frames and short ends of the stiles replaced (Figure 1). They stuck out visually, attracting comment. Why keep the old? Why not just replace whole lengths or even the whole casement? Surely this is better in the long run?
It was a comment that many an engineer might have made. What is dictating such piecemeal work? Similarly, and on a broader scale, why does the professional team opt for such a repair strategy on a major restoration project? How has the building acquired the power to infl uence such decisions?Historic fabric exercises power in many built environments that the structural engineer will encounter. London, for example, has masterful icons of a very diff erent scale to Ightham. St Paul’s Cathedral is one of the most powerful buildings in England, as the views of it are enshrined in planning legislation across London. Over the years, this has aff ected perhaps billions of pounds of real estate in terms of restricted development and smaller lettable areas. It infl uenced, for example, the design of 122 Leadenhall Street, where the slanting facade helps to minimise the impact of protected views from Fleet Street. This is a raw power, the result of long-developed legislation and backed by a strong philosophy that addresses the place of heritage in our society.

Another powerful London icon – and one that is surely controversial to many, engineers and others alike – is the Grade II listed Battersea Power Station (Figure 2). What societal values are being balanced when a 

building, whose defi ning chimneys are the very parts that now need rebuilding, is able to exert such infl uence over development, and for so many years?
This is the fi rst article in a new series covering issues of conservation and restoration. Articles will appear in diff erent sections according to their content. They will in general look not at such headlines as Battersea, but at the detail: timber, ironwork, stone, technologies and methods of construction. The contributors are all Conservation Accredited Engineers, specialists in their fi eld. Elsewhere in this issue (see pages 32–35), Jon Avent, chair of the Conservation Accreditation Register for Engineers (CARE) panel, describes what that accreditation means.

However, this fi rst article seeks to answer – at least in part – the opening question: why keep it?

Historic buildings: can any engineer handle them?
Before looking in more detail at the 

James Miller MA, CEng, FIStructE, FICE, Conservation Accredited Engineer, Ramboll

This article forms part of the Conservation compendium, which aims to improve the way engineers handle historic fabric through the study of historic materials, conservation philosophy, forms of construction and project examples. Articles in the series are written by Conservation Accredited Engineers. The series editor is James Miller.

Conservation compendium
Part 1: Why keep it? 
Engineers and the modern 
conservation movement

conservation movement, it is worth refl ecting on the goals of such a series. Can any structural engineer engage in ‘historic’ work – that is, work on buildings protected by heritage legislation? In a sense, the answer is yes, certainly, rather like structural engineers can turn themselves to facade engineering, or fi re engineering, or become specialists in computational fl uid dynamics. All Conservation Accredited Engineers started life in general practice, but steadily developed a passion and skills that match the demands of listed buildings.
Today, there are conservation accreditation systems in the UK for members of RIBA, RICS and the ICE, as well as this Institution. These systems are referenced by client bodies such as English Heritage, Cadw (Wales) and Historic Scotland, and mandatory for some types of project funding, which establishes qualifi ed practitioners in a signifi cant marketplace with the half-million or more buildings and structures that are listed in the UK. This series aims to make practising engineers better informed when handling historic fabric, to help them examine their own interest in historic work and to equip them with at least some of the 

N  Figure 1 
Timber window repairs at Ightham Mote demonstrate decision-making based on retention of original fabric

Part 1

Article series
Get quick access to series of articles published in The Structural Engineer since 2012. 

Available series include: 

 • Technical Guidance Notes (Level 1 and 2)   • Conservation compendium
 • Composite and Steel Construction compendium  •  Concrete Design Guide
 • Timber Engineering Notebook

To view the contents of any particular series, visit: www.istructe.org/tsemaster/article-series
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