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1. Introduction 

1.1 Course Outline 

Goals 

The goal is that you will:  

(a) be able to plan an outline scheme design for building structures, and; 

(b) be able to verify, through approximate design, that your scheme is viable. 

 

In other words, you will  learn to carry out a complete preliminary design of a 

structure.  

 

The detailed design of elements is covered in your other modules such as concrete 

and steel design. 
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Preliminary Design 

Preliminary design is: 

ña rapid, approximate, manual method of designing a structure.ò 

ï T.J. MacGinley 

 

ñIn the initial stages of the design of a building structure it is necessary, often at 

short notice, to produce alterative schemes that can be assessedéò 

 ï ISE Green Book 

Therefore, it should be: 

¶ simple; 

¶ quick; 

¶ conservative, and; 

¶ reliable. 

Lengthy analytical methods should be avoided. 

It is often based upon vague and limited information on matters affecting the 

structure such as imposed loads, nature of finishes, dimensions. 

 

It is needed to: 

¶ obtain costs estimates; 

¶ compare alternative schemes for architectural and functional suitability; 

¶ obtain initial estimates for computer analysis, and; 

¶ check a completed detailed design. 

 

Each structural scheme should be: 

¶ suitable for its purpose;  

¶ sensibly economical, and; 

¶ not unduly sensitive to likely changes as the design progresses. 
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We will develop methods of analysing and designing structures that meet the above 

requirements. 

 

Note that even though detailed design does not feature, it should be clear that 

knowledge of it is central to preliminary design. 
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1.2 Syllabus 

The topics covered in this subject include the following: 

- Relevant Literature 

- Economic Structural Scheme Design 

- Load Types and Scenarios 

- Stability of Structures 

- Mechanisms of Load Transfer 

- Tributary Lengths, Areas, and Loadwidths 

- Analysis of Portal Frame Structures 

- Structural Materials 

- Movement/Expansion Joints 

- Preliminary Loading 

- Load Takedown 

- Car Park Layout Design 

- Preliminary Analysis 

- Preliminary Design of Elements 

- Example Scheme Designs  
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1.3 Programme 

This subject is examined by continuous assessment. Case Study reports are the basis 

for marking.  

 

The subject is lectured in Semester 2 only as follows: 

¶ Thursday 10:00 ï 13:00 

o 10:00-11:00: lecture covering these notes and other material; 

o 11:15-13:00: group presentations of reports and discussion. 

 

An outline of dates for submissions is below (but may be subject to change): 

 

Class Lecture Topics 
Case Study 

Given Out 

Presentations 

Group Set 1 Group Set 2 

03-Feb Basic Structural Behaviour CS 1   

10-Feb Lateral Stability  CS 1  

17-Feb  CS 2  CS 1 

24-Feb Movement in Structures   CS 2 

03-Mar Materials CS 3 CS 2  

10-Mar Structural Form CS 4 CS 3 CS 3 

17-Mar Review week    

24-Mar Precedence Studies CS 5 CS 4 CS 4 

31-Mar Aspects of Structures  CS 5  

07-Apr Prelim Analysis CS 6  CS 5 

14-Apr Prelim Design    

21-Apr Easter    

28-Apr Easter    

05-May Storyboard Presentations  CS 6 CS 6 

12-May Final Discussions    
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1.4 Studying  

This subject is different to others. It is simply not possible to ñcramò for, due its 

nature. Here is some advice to help you achieve your best. 

 

This Subject is Different? 

¶ This subject is unique ï there are no ñrightò answers: 

o this is the difference between science & engineering; 

o this is why students find the subject difficult; 

o this also makes it difficult to teach! 

 

¶ Teaching: 

o Learn from experienced engineers, through discussion and reading; 

o Lectures on course material; 

o Case-Studies and presentation. 

 

Remember, contrary to what your education to-date may lead you to believe: 

o Engineering is not an exact science; 

o There are no ñrightò answers. 

This will become apparent in the coming weeks! 

 

 

 

 

 

 



BE Structural Eng ï Project III 

Dr C. Caprani 11 

So How Do I Learn? 

The three best pieces of advice (and past students agree) are: 

1. Attend lectures: simple, but for subjects like this, year-on-year poor results 

and attendance show a strong correlation. 

2. Take lots of notes: a lot will be said ï try not miss important points. 

3. Ask lots of questions: both from you lecturers for this subject and from other 

lecturers or engineers you have access to. 

 

Other important pieces are: 

¶ Submissions: 

o Learn how to sketch ï engineers communicate through sketches; 

o Do not try avoid the question by showing irrelevant details/information; 

o Text is not appreciated; 

o Learn how to visualize what you are proposing as a design; 

o Learn to understand the global and local behaviour of structures. 

 

¶ Personally: 

o Be prepared to present to the class and speak clearly and loudly; 

o Learn to accept criticism in front of the class ï in this way, everybody 

learns from each otherôs mistakes; 

o Contribute your fair share to the Case Study groups. 
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1.5 General Report Advice 

From previous yearsô experience there are a number of common problems that occur 

and are given here. 

 

What is expected 

Overall: 

- Understand structural behaviour (bending, axial, membrane action etc.) 

- Appreciate allowances needed for lateral loads and thermal expansion  

- Apply preliminary design rules of thumb (span/15, 50N etc.) 

- Pay due regard to the óKey Principlesô 

 

In particular: 

- Lots of quick well-annotated sketches (ñpicture says a 1000 wordsò) 

- Appropriate sections/elevations/details e.g. RC column bar arrangement 

- Appreciation of your ónumbersô (2T16 in a 500×500 RC Column?!) 

- Use an appropriate top-down approach to your scheme, for example: 

1. stability/expansion joints 

2. column/beam layout 

3. approx sizes of important members 

4. load takedown 

5. prelim design of typical members 

- Confidence in your knowledge and an ability to ócustomiseô design 

recommendations without compromising on strength requirements 
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What is not wanted 

- Obvious details, e.g. ñtypical bolted end-plate connectionò, ñcross-section 

through a masonry wallò. There are no marks available for such details ï donôt 

waste your time! 

- Lots of text ï a sketch and a few bullet points will say it better 

- óMagicô numbers or formulae that just appear from nowhere ï if itôs an unusual 

(we havenôt used in class say) formula briefly reference it. 

- Overly detailed calculations, e.g. crack-width calculation for a beam. 

 

General Advice 

- Make sure your structure is stable in all 3-dimensions before moving on. 

- Carry any expansion joints all the way through the structure down to ground level 

- remember they are being designed as totally separate structures that are very 

close to one another. 

- Follow the ñadviceò in the problem, e.g. ñminimum structural intrusion is 

expectedò means donôt put a column there unless absolutely necessary. 

- Try visualising the structure and your solution. Play around with solutions in your 

head or on the paper before committing to one in particular. 
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1.6 Report Requirements 

The purpose of these guidelines is to help you avoid wasting time on irrelevant 

aspects and to prepare you for the workplace in 15 monthsô time. 

 

Reports that do no conform to the following may or may not be accepted for 

submission, at the discretion of the lecturer. 

 

General 

Å Submit one report per group; 

Å Reports should be covered (clear plastic to front) and bound with slide-on 

spine binder. 

Å Clearly identify the group letter on the front cover sheet; 

Å Each group member is to sign the front cover of the report; 

Å Each group member should retain a copy of the report for reference. 

 

Content 

Å The report should consist of annotated sketches; 

Å In some cases a little text is appropriate: keep it to a minimum; 

Å In some cases a few calculations are appropriate; again keep to a minimum; 

Å Answer the question: do not provide irrelevant details! 

 

Format 

Å Sketches are to be done on lightly squared paper, e.g. calculation pads; 

Å Any calculations are to be done on lightly squared paper also; 

Å The use of CAD is not recommended ï it is better to improve your sketching; 

Å Text (excluding annotations) should be typed in the following style: Times 

New Roman, size 14 font; Justify alignment, and; double line spacing. 

 

Length 

Å The report should be between 5 and 10 pages in length. 
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Submission 

Å Reports are to be submitted at the time stated on the problem; 

Å Late submissions will not be accepted ï clients in the real world do not accept 

tardiness so start preparing for it now!  

 

Presentation 

Å The report is to be photocopied onto acetate for presentation; 

Å The group must be ready to present and defend the report in class. 
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1.7 Reading Material 

Reading about projects and new techniques will be a major part of your engineering 

career (CPD). By reading about the problems and solutions of various buildings 

youôll learn what works. Here is a good starting list ï most of it will be in the library. 

 

Institution of Structural Engineers:  

¶ Manual for the design of reinforced concrete (ñthe Green bookò) 

¶ Manual for the design of structural steelwork (ñthe Grey bookò) 

¶ Manual for the design of masonry (ñthe Red bookò) 

¶ Design recommendations for multi-storey and underground car parks (3
rd
 edition) 

¶ Stability of buildings 

¶ The Structural Engineer ï fortnightly magazine, in the library 

Join the IStructE for free at: http://www.istructe.org/students/.  

 

Codes: 

British Standards ï BS8110, BS5950, BS5268, BS5628, BS6399 

Eurocodes ï EC1, EC2, EC3, EC4, EC5, EC6 

 

Magazines: 

Journal of the Institution of Engineers of Ireland 

Institution of Civil Engineers: The New Civil Engineer (NCE) magazine  

Company Magazines, e.g. Arup Journal 

 

Books: 

Homebond Manual ï donôt underestimate the complexity of a house 

Library ï some of the best are: 

William Addis ï 

¶ Structural engineering: the nature of theory and design 

http://www.istructe.org/students/
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¶ The art of the structural engineer 

Angus J. Macdonald - Structure and architecture 

Mario Salvadori ï Why buildings stand up 

Matthys Levy & Mario Salvadori ï Why buildings fall down 

J.E. Gordon ï  

¶ Structures, or why things donôt fall down 

¶ The new science of strong materials, or why you donôt fall through the 

floor 

Malcolm Millias ï Building Structures, 2nd Edn. 

Peter Rice ï An Engineer Imagines 

 

Trade Organisations:  

Corus, The Concrete Centre, The Brick Development Association (Google them). 

 

Bunf:  

Suppliersô manuals (companies are very happy to send out their stuff to you) 

¶ Kingspan/Tegral ï industrial buildings 

¶ Breton/Flood Flooring/Concast etc ï precast concrete structures, precast slabs  

¶ Bat ï for timber connectors 

 

People: 

Your work placement company projects ï talk to engineers you worked with. 

 

Web: 

Almost everything to be found. 

 

Talks:  

Come to the talks organized by the IStructE, IEI etc. ï look out for notices. 
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1.8 Some Introductory Problems 

Easy: 

1. What is the function of a buttress in a medieval 

Cathedral? 

2. How does it work? 

 

A bit harder: 

1. In a rectangular 2-way spanning structure (be it 

slab/wall/steel plate etc), which is subject to a 

uniform area load and has simply supported 

sides, which side receives most load ï the short, 

or the long side. 

2. Why? 

 

Tricky: 

1. What are braced and unbraced frames? 

2. Can a structure only have one type, or both? 

3. When can you mix, or why canôt you mix, these structures? 

Hint:  Once, you know what they are; consider the deflected shapes of each type. 
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2. Overall Structural Behavior 

2.1 Primary function of a structure 

Institution of Structural Engineers: 

ñStructuresémust safely resist the forces to which they may be subject.ò 

 

In the following structures identify the possible loads that need to be designed for. 
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2.2 Structural Members 

We refer to a range of possible structural materials under the following structural 

actions. 

(i) Cantilever Action 

Examples: balconies, canopies over doorways, older bridges 

 

 

 

¶ Carry load by: ______________________________________________________ 

 

¶ Span/depth ratio and/or load is about:____________________________________ 

 

¶ Materials:__________________________________________________________ 

 

(ii) Beam Action (bending between 2 or more supports) 

 

 

¶ Carry load by: ______________________________________________________ 
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¶ óNormalô size beams are good for spans of: _______________________________ 

 

¶ Materials:__________________________________________________________ 

 

 (iii) Two-way Bending Action 

Bending between 2 or more supports in each direction 

 

 

Flat Slab 

 

 

 

Beam and Slab 

Slab 

Panel 

Beams Under 

Columns Under 
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¶ Carry load by: ______________________________________________________ 

 

¶ Materials:__________________________________________________________ 

 

 (iv) One-way Axial Force Action 

Examples: columns/struts, ties 

 

¶ Carry load by: ___________________________________ 

 

 

¶ Comment on the suitability of the following materials: 

 

Material  Tension Compression 

Steel   

R.C.   

P.S.C.   

Timber   

Masonry   

Structural 

Glass 
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(v) Diaphragm Action (a.k.a Membrane or Deep Beam Behaviour) 

 

 

 

Membrane action 

 

By definition, óregular beamô action becomes ódeep beamô action when span/depth 

ratio goes less than about 2. 

 

¶ For span/depth > 2, ____________________________ dominates 

 

¶ For span/depth < 2, _____________________________ dominates 

 

¶ Carry load by: ______________________________________________________ 

 

¶ Suitable materials include: ____________________________________________ 

 

¶ Because: __________________________________________________________ 
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2.3 Structural Systems 

(i) Trusses 

¶ Individual members undergo:__________________________________________ 

 

¶ But the system overall carries load through:_______________________________ 

 

¶ More economical than beams for:_______________________________________ 

 

¶ Comment on the suitability of the following materials: 

 

Material  Comment 

Steel  

R.C.  

P.S.C.  

Timber  

Masonry  

Structural Glass  
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(ii) Frames 

Frame under lateral load: 

 

 

 

Frame action is what happens in Vierendeel Girders (named after Belgian engineer): 

 

 

 

 

¶ Consists of groups of beams and/or columns:______________________________ 

connected together 

 

¶ Individual members undergo:__________________________________________ 

 

¶ In lateral loading, it does the job of a:____________________________________ 

 

¶ In vertical loading, it does the job of a:___________________________________ 

 

¶ Comment on the suitability of the following materials: 

 

All members 

contribute 
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Material  Comment 

Steel  

R.C.  

P.S.C.  

Timber  

Masonry  

Structural Glass  

 

(iii) Arches 

 

 

¶ Predominant action is:________________ but can also undergo_______________ 

 

 F×sinq 

F×cosq 
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¶ Used to span: __________________________distances 

 

¶ Generates substantial horizontal thrust. This is the dominant limitation to the arch. 

 

Horizontal thrust is equal to the horizontal component of the axial force in the arch at 

the point where it meets the support. 

 

It is difficult to design foundations to take significant horizontal force unless they are 

in rock. Possible solutions are: 

¶ provide a tie (tied arch); 

¶ use an elliptical or half-circular arch so that q = 90
o
. 

 

(iv) Cable Supported Structures 

 

Cable-Stayed Bridge (e.g. William Dargan Bridge, Dundrum) 

 

¶ A vertical tower is needed; 

¶ Weights must be counterbalanced (otherwise, there will be a massive overturning 

moment on the support); 

¶ The beam acts as a continuous beam with supports provided by the cables; 

¶ In addition, the beam must resist some compression generated by the strut-tie 

arrangement: 
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Draw the flow of forces: designate Compression as (            ); conversely for Tension. 

 

 

 

¶ Used for bridges in 200 m to 400 m span range. 

 

¶ Also used for roofs where there must be _________________________________ 

 

(v) Catenary Structures 

 

 

 

Suspension Bridge 

 

Pull from 

deck 
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¶ More difficult to construct than cable-stayed  

¶ Capable of the longest spans 

¶ Flexible - may need stiffening truss 

¶ Stressed ribbon uses catenary action: 

 

Stressed Ribbon Bridge (e.g. Kilmacannogue) 

 

 (vi) Fabric Structures 

Fabric (cloth) has no flexural strength, i.e., it has no strength in bending. It buckles in 

compression. Its only strength is in tension.  

 

Fabric is subject to 2-way axial force action, i.e., membrane action. However, it is 

different from a deep beam in that (a) it takes no compression and (b) the fabric 

deforms in response to load into a 2D catenary shape. These deformations are large 

compared with the geometry of the structure (think of a 10 m beam deflecting 2 m!). 

This change in shape changes the load path further, and hence the shape, and hence 

the loadpathé This phenomenon is known as geometric non-linearity. 

 

Fabric roofing material is now available commercially.  

 

Advantages/Disadvantages:  

¶ very light self weight; 

¶ great spans with ease (30 m in Berlin zeppelin hanger); 
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¶ it stretches; 

¶ it has different strengths parallel and perpendicular to the weave; 

¶ it must be stretched (prestressed); 

¶ snow will tend to drift; 

¶ long-term durability is improving as fabric technology improves. 

 

(vii) Air supported structures 

It is possible to construct óbuildingsô from fabric with no compressive members. The 

idea is based on maintaining a positive pressure inside the building ï like a balloon. 

Air locks are provided at all entrances. Leaks will result in collapse if not repaired. 

 

This principle has been used as óshutteringô in buildings made from reinforced 

concrete! 

 

(viii)  Hyperbolic paraboloid 

Roofs can have a hyperbolic paraboloid shape, i.e., parabola in one direction and 

hyperbola in the other (saddle shape). This shape is structurally efficient. The load is 

carried predominantly by membrane action.  
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The saddle dome ice hockey stadium in Calgary, Canada is a hyperbolic paraboloid 

and is made of prestressed concrete sections 600 mm deep. 

 

 (ix)  Folded Plate 

 

 

 

A folded plate is stronger than a flat plate as it acts like a beam/slab, taking tension in 

the lower members and compression in the upper members (if simply supported). 

Structurally, the depth of the fold is more important than the depth of the members. 

To see this in action make a paper model and load it. Note that it only spans one way 

to any extent. 

Depth of 

fold 

Tension 

Compression 



BE Structural Eng ï Project III 

Dr C. Caprani 36 

(x)  Space Frames (a misnomer - axial forces only) 

It is possible to have trusses in 2-Dimensions, i.e., 2-way spanning trusses. They 

come in proprietary forms. As for regular trusses, the systems acts in bending but the 

members are in compression or tension. They are structurally efficient (high strength-

to-weight ratio) but expensive relative to more conventional forms. 

 

 

(xi) Tree structures (Stansted airport) 

These are in effect a form of 3D truss system ï a series of struts and ties. They are not 

particularly efficient although the inclined members do reduce the effective clear 

span of the roof truss. 

 

 

Effective span of 

roof truss 
Tension 

Roof truss 
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Examples of Structural Members & Systems 

Possible Answers: 1 = cantilever, 2 = beam/1-way bending, 3 = 2-way bending, 4 = 

1-way axial force action, 5 = membrane/2-way axial force, 6 = truss, 7 = frame or 

Vierendeel, 8 = arch, 9 = cable supported, 10 = suspension/catenary. 

 

 

 

1. What is the structural action in transferring vertical load from A to B & C? 

 

__________________________________ 

 

2. What is the action in transferring it from B & C to D & E? 

 

__________________________________ 

 

 

 

 

A 

E D 

C 

B 
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3. What is the structural action in transferring horizontal load to the ground? 

 

______________________________________________________ 

 

 

 

 

4. What is the structural action from the load to A & B? 

 

______________________________________________________ 

 

5. and from A & B to the ground? ________________________________________ 

 

 

 

6. Free standing wall: how is the horizontal wind load transferred to the piers? 

 

_______________________________________________ 

4 m 

10 m 

A B 
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7. And how is it transferred from the piers to the ground? 

 

_________________________________________________ 

 

 

8. Would you allow a damp proof course? _________________________________ 

 

 

9. Indicate the types of support (fixed, pinned or sliding) you would specify at each 

support point on the arch bridge: 
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2.4 Stability of Buildings 

Introduction 

There are loads in all 3-dimensions of a building: 

 

 

Note the following: 

- load can act in either direction in each dimension; 

- Itôs usually safe to ignore uplift of the whole structure, but not in the roof 

design or when a basement extends below the water table. 

 

So loads in 5 directions must be resisted: 

- Columns for vertical; 

- Braced/unbraced frames for horizontal. 

 

Even without loads in the lateral directions, bracing is required due to the 

inaccuracies of actual construction: buildings may not be perfectly plumb. 

x 

z 

y 

Gravity Ÿ Columns 

Wind Ÿ Bracing Wind Ÿ Bracing 
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The frame on the left is in equilibrium, but is not stable (try to balance a pen, even on 

its ófatô end!). The frame on the right is stable due to the addition of the diagonal 

member, even thought this additional member does not contribute to the vertical load 

carrying capacity of the structure. 

 

Some ways to stabilize a single-bay frame are:  

 

In this, (a) and (b) are termed óbracedô frames whilst (c) is referred to as a óswayô, or 

unbraced frame. A single braced bay can stabilize a row of bays: 
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Definitions: 

- Braced Frame:  

o load resisted through bending of large in-plane elements. 

- Unbraced or Sway Frame:  

o load resisted through moment connections of framework ï 

generally not used unless absolutely necessary due to the expense 

of the moment connections and the larger deflections. 

 

Taking a 2-storey frame, unless we provide lateral stability we have: 

 

 

 

So we provide bracing similar to: 

 

Truss Bracing Shear wall 

infill panels 

z 

x, y 

z 

x, y 
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Important points to note: 

1. Bracing is required at both ends unless the wind load (e.g.) can be transferred 

through the floors; 

2. Bracing at both ends constrains thermal expansion ï this may cause problems 

in a long structure; 

3. Bracing is required in both dimensions, x and y, and must be able to resist load 

in each direction; 

4. If there is bracing at both ends, bracing may be designed for a single load 

direction. 

 

When considering walls as bracing, remember they can only take in-plane loads: 

 

 

 

Just like a piece of card: 
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Lateral Load Paths 

The wind load that needs to be resisted must take the following path: 

1. Wind hits façade (glazing or brickwork); 

2. Façade spans between floors vertically; 

3. Floors transfer load to the braced elements through diaphragm action; 

4. Bracing takes load from each floor to ground. 

 

 



BE Structural Eng ï Project III 

Dr C. Caprani 45 

Sketch more of the lateral load path for yourself.  

 

 

 

 

 

 

 

 

 

 

Identify the elements providing the load path in the following structures: 
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Write notes on the following figures and what they describe. 
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Are the following stable? ï sketch the various load paths to check. 
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In Practice 

Actual structures have bracing systems that look along the lines of the following: 

 

Obviously floor space in buildings is at a premium so structural designers try to use 

features that must be in the building for the lateral stability of the building. List some: 
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Mixing Bracing Systems in the Same Direction 

What are the following diagrams telling us? 
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Lateral Stability of Portal Frame Structures 

 

 

A portal frame structure (usually used in industrial estates etc.) is the most ordinary 

of buildings, yet is complex for lateral stability. 

 

Write some notes on why this is, and sketch the required stability elements on the 

attached end gable. The end gable is not a portal frame. 
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2.5 Allowing for Movement 

Joints are required to allow two parts of a structure move relatively, due to: 

¶ Temperature; 

¶ Moisture; 

¶ Ground movements. 

Movement joints are difficult to waterproof and detail ï therefore minimize. Joints 

need to allow 15-25 mm movement.  

 

Building Control joints: 

Required to prevent cracking where a structure: 

¶ or parts of a structure, are large; 

¶ spans different ground conditions; 

¶ changes height considerably;  

¶ has a shape that suggests a point of natural weakness. 

 

Important:  Advice on joint spacing can be variable and conflicting, but here goes: 

 

Structure type: IStructE/Corus Cobb Anecdotal 

Concrete 
50 m 

25 m: exposed RC 

50 m 

25 m: exposed RC 
60 ï 70 m 

Steel ï Industrial  125ï150 m 100 ï 150 m  

Steel ï commercial 
Simple: 100 m 

Continuous: 50 m 
50 ï 100 m  

Masonry  40 ï 50 m  
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Extracts 

IStructE Green Book (RC) 

 

 

 

 

 



BE Structural Eng ï Project III 

Dr C. Caprani 55 

IStructE Grey Book (Steel) 

 

 

Corus 
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Movement joints  

Used to divide structural elements into smaller elements due to local effects of 

temperature and moisture content. 

 

Material  Spacing 

Clay bricks On plan: up to 12 m c/c (6 m from corners);  

Vertically: 9 m or every 3 storeys if h > (12 m or 4 storeys) 

Concrete blocks 3 m ï 7 m c/c   

Steel roof sheeting 20 m c/c down the slope 

 

Examples 

Joint in an RC slab: 

     

Joint in a roof: 
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Kansai Airport:   

The building moves three-dimensionally in repose to potential stress from temperature 

shrinkage, earthquakes and uneven setting. In order to make the structure capable of 

absorbing deformation, expansion joints have been placed in 11 locations, at 

approximate intervals of 150m along the length of the 1.7km structure. The joints are 

450-600mm in width. 
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Effect on Stability 

 ñThe positions of movement joints should be considered for their effect on the overall 

stability of the structureò ï Cobb 

 

This has important implications: 

¶ Every part of a structure must be stable in its own right; 

¶ Just as columns are required in each portion separated by a movement joint, each 

portion must be capable of resisting horizontal load on its own. 
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Example 

 

The Project Engineer decides to pursue an in-situ reinforced concrete option: 

balancing the extra cost and potential problems with each expansion joint, they 

choose to put one joint in, running N-S, at the mid-line, i.e., 55 m each side. No 

expansion joint is required in the E-W direction, as 40 < 50 m. 

 

 

55 

 

 

 

 

 

40 

Engineerôs Movement Joint Plan 

A B 

55 

110 

 

 

 

 

 

40 

Architectôs Plan Showing Stair/ L ift Cores 

(Note: column layout is figurative only) 
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Note: 

¶ Double columns at interface ï there are now 2 separate structures built very 

closely beside each other; 

¶ Stability of each structure ï clearly structure A is stable, whilst B is not. 

 

¶ Now structure-B is stable in both N-S and E-W directions; 

¶ The shear walls may be RC, or masonry infill panels; 

¶ Shear walls can have limited window opes, if required. 

 

Case Study 

Beaumont Hospital car park is an excellent example of lateral stability design, car 

park design, and building control joints. Similarly to the two walls that are very close 

together in the building just above, two X-braced frames either side of the control 

joint are clearly visible. 

 

Final Structural Layout  

(Note:               indicates shear wall) 

55 

 

 

 

 

 

40 

A B 

55 
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3. Structural Materials and Structural Form 

 

 ñThere are always many possible solutions, the search is 

for the best ï but there is no best ï just more or less goodò

          ï Ove Arup 

ñIf the structural shape does not correspond to the 

materials of which it is made there can be no aesthetic 

satisfactionò  ï Eduardo Torroja  

 

Every building and structure is unique in every way. The designersô solution reflects 

this, and must also be unique ï an optimum balance of pros and cons sympathetic to 

the project. This is so both for the materials to be used, and for the type of 

construction to be used. 
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3.1 Choice of Structural Material 

The notes that follow are an extract from Reinforced & Prestressed Concrete Design, 

The Complete Process, by E. J. OBrien & A. S. Dixon. 

 

In reading these notes keep in mind: 

¶ Different or extensions of existing materials, for example: 

o Reinforced masonry; 

o Glulam timber; 

o Hollow precast units; 

o Water-filled steel elements. 

¶ What priorities do the different members of the design team assign to each of the 

criteria given in the notes? 

¶ Industrial disputes also affect choice, most prominently though cost of labour. 

¶ Most importantly, it should be evident that new techniques/methods/systems are 

always emerging ï keep up to date. 

 

IMPORTANT ADDENDUM  

As an example of an aspect that has emerged since the writing of Prof. OôBrienôs 

book, there is no mention of the environmental sustainability of the materials. In the 

space of a single generation, this is likely to become the governing factor in the 

choice of material. It will be up to you to keep abreast of such developments as your 

career progresses. 
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Introduction 

The principal criteria which influence the choice of structural material are: 

(a) strength; 

(b) durability (resistance to corrosion); 

(c) architectural requirements; 

(d) versatility; 

(e) safety; 

(f) speed of erection; 

(g) maintenance; 

(h) cost; 

(i) craneage. 

The properties of reinforced and prestressed concrete are compared below with the 

properties of structural steel, timber and masonry under each of these nine headings. 

Typically, only one or two structural materials tend to be used in any given 

construction project to minimise the diversity of skills required in the workforce. 
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Strength 

The relative strengths of the six main structural materials have already been discussed 

above. However, it should also be noted that the ability of a material to sustain 

external loads is dependent on the mechanisms by which the loads are carried in 

a member. For example, members which are in pure compression or tension will 

carry their loads more efficiently than members in bending since the stress is evenly 

distributed across the section (this will be seen in the following section). For this 

reason, the available strength of a structural material depends as much on the method 

of load transfer as its characteristic strength. Nevertheless, it can in general be stated 

that reinforced and prestressed concrete and structural steel are strong materials. 

Relative to these, timber and masonry are generally rather weak and are more suitable 

for short spans and/or light loads. 

Durability 

The durability of a material can be defined as its ability to resist deterioration under 

the action of the environment for the period of its design life. Of the four raw 

materials used in construction, steel has by far the least resistance to such corrosion 

(or rusting as it is more commonly known), particularly in aggressive humid 

environments. Hence, the durability of a structural material which is wholly or partly 

made from steel will largely be governed by how well the steel is protected. 

 

A significant advantage of reinforced and prestressed concrete over other 

structural materials is their superior durability . The durability of the concrete itself 

is related to the proportions of its constituents, the methods of curing and the level of 

workmanship in the mixing and placing of the wet concrete. The composition of a 

concrete mix can be adjusted so that its durability specifically suits the particular 

environment. The protection of the steel in reinforced and prestressed concrete 

against the external environment is also dependent on the concrete properties, 

especially the porosity. However, its resistance to corrosion is also proportional to the 
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amount of surrounding concrete, known as the cover, and the widths to which cracks 

open under day-to-day service loads. 

 

Structural steel, like concrete, is considered to be very durable against the agents of 

wear and physical weathering (such as abrasion). However, one of its greatest 

drawbacks is its lack of resistance to corrosion. Severe rusting of steel members 

will result in a loss in strength and, eventually, to collapse. The detrimental effect of 

rusting is found to be negligible when the relative humidity of the atmosphere is less 

than approximately 70 per cent and therefore protection is only required in unheated 

temperate environments. Where corrosion is likely to be a problem, it can often be 

prevented by protective paints. Although protective paints are very effective in 

preventing corrosion, they do add significantly to the maintenance costs (unlike 

concrete for which maintenance costs ire minimal). 

 

For timber  to be sufficiently durable in most environments it must be able to resist 

the natural elements, insect infestation, fungal attack (wet and dry rot) and extremes 

in temperature. Some timbers, such as cedar and oak, possess natural resistance 

against deterioration owing to their density and the presence of natural oils and 

resins. However, for the types of timber most commonly used in construction, namely 

softwoods, some form of preservative is required to increase their durability. When 

suitably treated, timber exhibits excellent properties of durability. 

 

Masonry, like concrete, can also be adapted to suit specific environments by selecting 

more resistant types of blocks/bricks for harsh environments. Unreinforced masonry 

is particularly durable  and can last well beyond the typical 50 year design life. 
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Architectural requirements  

The appearance of a completed structure is the most significant architectural feature 

pertinent to material choice since the aesthetic quality of a completed structure is 

largely determined by the finish on the external faces.  

 

For concrete, this final appearance is dependent on the standards of placement and 

compaction and the quality of the formwork. Badly finished concrete faces, with 

little or no variation in colour or texture over large areas, can form the most unsightly 

views. Concrete is a versatile material, however, and when properly placed, it is 

possible to produce structures with a wide variety of visually appealing finishes In the 

case of precast concrete, an excellent finished appearance can usually be assured 

since manufacture is carried out in a controlled environment. 

Exposed structural steel in buildings is displeasing to the eye in many settings and 

must be covered in cladding in order to provide an acceptable finish. An exception to 

this is the use of brightly painted closed, hollow, circular or rectangular sections. 

 

Timber  and masonry structures will generally have an excellent finished 

appearance, providing a high quality of workmanship is achieved. Masonry also 

offers a sense of scale and is available in a wide variety of colours, textures and 

shapes. In addition to their aesthetic fatalities, concrete and masonry structures also 

have the advantage of possessing good sound and thermal insulation properties. 
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Versatility 

The versatility of a material is based as its ability (a) to be fabricated in diverse 

forms and shapes and (b) to undergo substantial last-minute alterations on site 

without detriment to the overall design. Steel can easily be worked into many 

efficient shapes on fabrication but is only readily available from suppliers in standard 

sections. Concrete is far more versatile in this respect as it can readily be formed by 

moulds into very complex shapes. Timber is the most limited as it is only available 

from suppliers in a limited number of standard sides. Laminated timber, on the 

other hand can be profiled and bent into complex shapes. Masonry can be quite 

versatile since the dimensions of walls     and columns can readily be changed at any 

time up to construction. The disadvantage of steel, timber and precast concrete 

construction is their lack of versatility on site compared with in situ reinforced 

concrete and masonry to which substantial last-minute changes can be made. In situ 

prestressed concrete is not very versatile as changes can require substantial 

rechecking of stresses. 
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Safety 

The raw material of concrete is very brittle and failure at its ultimate strength can 

often occur with little or no warning. Steel, being a very ductile material, will 

undergo large plastic deformations before collapse, thus giving adequate warning 

of failure. The safety of reinforced concrete structures can be increased by providing 

'under-reinforced' concrete members (the concepts of under-reinforced and over-

reinforced concrete are discussed in Chapter 7). In such members, the ductile steel 

reinforcement effectively fails in tension before the concrete fails in compression, 

and there is considerable deformation of the member before complete failure. 

Although timber is a purely elastic material, it has a very low stiffness 

(approximately 1/20th that of steel) and hence, like steel, it will generally undergo 

considerable defection before collapse. 

 

An equally important aspect of safety is the resistance of structures to fire. Steel 

loses its strength rapidly as its temperature increases and so steel members must be 

protected from fire to prevent collapse before the occupants of the structure have time 

to escape. For structural steel, protection in the form of intumescent paints, spray-

applied cement-binded fibres or encasing systems, is expensive and can often be 

unsightly. Concrete and masonry possess fire-resisting properties far superior to most 

materials. In reinforced and prestressed concrete members, the concrete acts as a 

protective barrier to the reinforcement, provided there is sufficient cover. Hence, 

concrete members can retain their strength in a fire for sufficient time to allow the 

occupants to escape safely from a building. Timber , although combustible, does not 

ignite spontaneously below a temperature of approximately 500 °C. At lower 

temperatures, timber is only charred by direct contact with flames. The charcoal 

layer which builds up on the surface of timber during a fire protects the underlying 

wood from further deterioration and the structural properties of this 'residual' timber 

remain unchanged. 
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Speed of erection 

In many projects, the speed at which the structure can be erected is often of 

paramount importance due to restrictions on access to the site or completion 

deadlines. In such circumstances, the preparation and fabrication of units offsite 

will significantly reduce the erection time. Thus, where precast concrete 

(reinforced and/or prestressed) and structural steel are used regularly, the construction 

tends to be very fast Complex timber units, such as laminated members and roof 

trusses, can also be fabricated offsite and quickly erected. 

 

The construction of in situ concrete structures requires the fixing of reinforcement the 

erection of shuttering, and the castings, compaction and curing of the concrete. The 

shutters can only be removed or 'struck' when the concrete has achieved sufficient 

strength to sustain its self-weight. During the period before the shutters can be struck, 

which can be several days, very little other construction work can take place (on that 

part of the structure) and hence the overall erection time of the complete structure 

tends to be slow. Masonry construction, though labour intensive, can be erected 

very rapidly  and the structure can often be built on after as little as a day. 

 



BE Structural Eng ï Project III 

Dr C. Caprani 72 

Maintenance 

Less durable structural materials such as structural steel and timber require treatment 

to prevent deterioration. The fact that the treatment must be repeated at intervals 

during the life of the structure means that there is a maintenance requirement 

associated with these materials. In fact, for some of the very large exposed steel 

structures, protective paints must be applied on a continuous basis. Most concrete and 

masonry structures require virtually no maintenance. 

 

An exception to this is structures in particularly harsh environments, such as coastal 

regions and areas where do-icing salts are used (bridges supporting roads). In such 

cases, regular inspections of reinforced and prestressed concrete members are now 

becoming a standard part of many maintenance programmes. 
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Cost 

The cost of structural material is of primary interest when choosing a suitable 

material for construction. The relative cost per unit volume of the main construction 

materials will vary between countries. However, the overall cost of a construction 

project is not solely a function of the unit cost of the material. 

 

For example, although concrete is cheaper per unit volume than structural steel, 

reinforced concrete members generally require a greater volume than their equivalent 

structural steel members because of the lower strength of concrete. 

 

As a consequence, reinforced concrete can become the more expensive structural 

material. If reinforced concrete members are cast in situ, constructions costs tend to 

be greater than for the steel structure because of the longer erection time and the 

intensive labour requirements. However, the high cost of structural steel and its 

protection from corrosion and are counteract any initial saving with the result that 

either material can be more cost effective. In general, it is only by comparing the 

complete cost of a project that the most favourable material can be determined. As a 

general guide, however, it can be said that reinforced concrete and structural steel 

will incur approximately the same costs, masonry will often prove cheaper than both 

where it is feasible while the cost of timber is very variable. 
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Craneage 

In certain circumstances, the choice of structural material and construction method 

may be determined by the availability of craneage. For example, in a small project, 

it may be possible to avoid the need for cranes by the use of load-bearing 

masonry walls and timber floors. Depending on their weight and size, structural 

steel and precast concrete units may require substantial craneage and it is often the 

limit on available craneage that dictates the size of such units. 

 

In general, in situ concrete requires little craneage although cranes, when available, 

can be used for moving large shutters. 

 

The table below serves as a summary of the relative advantages and disadvantages of 

the four types of structural material under the categories discussed above. At this 

stage, it should be appreciated that the choice of any structural material is heavily 

dependent on the particular structure and the conditions under which it is constructed. 
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Sustainability 

Add in here some notes on the class discussion: 
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Comparison of the structural properties of concrete (reinforced and prestressed), structural steel, timber and masonry. 

 

 Concrete 

(RC and PC) 

Structural Steel Timber  Masonry 

Strength Excellent Excellent Fair Good, except in tension 

Durability  Excellent Poor against corrosion* Poor* Excellent 

Appearance Fair Fair Excellent Excellent 

Safety Excellent Poor fire resistance* Good Excellent 

Speed of 

erection 

Slow for in situ Very fast Very fast Very fast but labour 

intensive 

Versatility  Excellent for in situ, 

poor otherwise 

Poor Fair Very good 

Sustainability     

*unless protected
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Order of priority given to the material evaluation criteria by different design team members 

 

Priority  Client Contractor  Architect  
Structural 

Engineer 

Building 

Services 

Engineer 

Quantity 

Surveyor 

1 

      

2 

      

3 

      

4 

      

5 

      

6 
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3.2 Choice of Structural Form 

Key Principles in Choosing Structural Form 

All of the Case Studies, though on different topics, try to show that there are a 

number of factors that contribute, in different measures, to the structural scheme 

adopted. Also, it will  be clear that there is no perfect answer ï simply a weighted 

balance of the pros and cons of any given solution. Factors include: 

 

1. Technical Requirements 

¶ Structure Scale: 

- Stability in all directions ï Vertical and Orthogonal Horizontals 

- Accommodation of movement ï either by joints or stress design 

- Global load paths are identified 

¶ Element Scale: 

- Proportional sizes, e.g. span/d ratios or N/20 etc. 

- Global actions are allowed for in the element scheme 

 

2. Economic Requirements 

¶ Materials (Refer to the handout): 

- Raw cost ï can it be locally sourced? 

- Placement cost ï e.g. block layers are expensive currently 

- Transport of fabricated elements ï special requirements? 

¶ Constructability 

- Is the structure repeatable as possible 

- Minimum number of trades on site 

- Transport/craneage appropriate for the material considered? 
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3. Functional Requirements 

¶ Building Service Integration: 

- Expect holes in beams ï allow for it early on 

- Flat soffits are beneficial in heavily serviced buildings 

¶ Clientôs focus: 

- Speculative commercial will require clear spans for example 

- Landmark headquarters will possibly mean a dramatic structure 

¶ Architecture: 

- Complement the architecture if possible 

- Get involved as early as possible in the design 

¶ Planning: 

- Minimise structural depths if required 

- Drainage schemes to be appropriate to site and local drainage 

- Environmental considerations 

 

Again, where does sustainability fit into the above decision-making process? 

 

Choice of Form 

The span of the structure is the main consideration. For the two usual forms of 

construction, the first of the following charts advises what forms of construction are 

appropriate for what spans for steel and concrete. 

 

The second chart gives a comparison of the weights of structure required for various 

spans and types of construction for single-storey steel buildings. These buildings tend 

to be extremely well engineering economically. 
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4. Precedence Studies 

4.1 Introduction 

In this section we have a look at some interesting structures of the past and see how 

they integrate the preceding ideas of stability, material and form to achieve economic 

aesthetic and stunning solutions to the design brief. 
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4.2 Dulles Airport 
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4.3 Alamillo Bridge 
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4.4 Patera Building System 
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4.5 Sydney Opera House ï Podium 

 

 

 

Utzon wanted to remove the columns and asked the engineers if it would be possible. 

The engineers said yes, but it would be more expensive. But why is it necessary to 

remove them: the area is for deliveries only, and the columns to not interfere with 

that function? 
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4.6 Sydney Opera House ï General 

 

 

Even Candela was brought in to aid the design of the shells but to no avail. Would it 

all have been easier if Utzon had an engineer on board from day one? 
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4.7 Robert Maillart ï Beam Bridge 

The evolution of structural form: 
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4.8 Pompidou ï Lateral Stability 
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4.9 Pompidou ï General 

 

 

 

 

 

Is the form of this building derived from structural or architectural principles? 
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Rough structural section showing columns & Gerberettes 

 

BMD for Simply-Supported Span 

 

 

BMD for forces applied to cantilevered ends 
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4.10 Nervi ï Some Examples 
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4.11 Peter Rice - La Villette 

 

 

 

Two bow-string trusses are provided; one each for positive and negative (suction) 

pressures on the glazed elevation. 

 

Of significance though, is that there are no vertical cable elements. By causing the 

truss and the glass to roate about different axes (X-X and Y-Y), the glass dead weight 

stabilizes the whole structure. 

 


