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ABSTRACT

Interfaces, joints and connections between different elements or sections cause
more problems than most of the rest of the building. There are challenges
during design, manufacture and construction as well as implications throughout
the life of the building. These challenges are particularly relevant for the
building envelope. Here the joints must perform at the same level as the main
areas of wall or roof, but the pressures on them are invariably much greater.
They must keep out the weather but, at the same time, accommodate tolerances.
and inaccuracies and cater for movements both during construction and for as
long as the building lasts.

Managing construction interfaces is an important part of delivering a construction
project without time delays or cost additions. However the lack of written
publications on how to manage interfaces within construction is a problem
discovered by the author very early in the research. Therefore the main aim of
the research was; to improve the management of interfaces within the
construction industry, with particular reference to interfaces within the building
facade.

The research was based on an EPSRC funded project entitled CladdISS "A
standardised strategy for window and cladding interfaces”. The methodology
included industrial workshops, interviews, regular steering group meetings and a
questionnaire. The strategy proposed to increase productivity, quality, reduce
waste and reduce costs in design, manufacture, installation, and the building life

- cycle. The research highlighted a wide range of interrelated problems. However,
the two main issues were:

 Poor communication between the design team and specialist contractors;
* Poor interface detailing.

The following situations typically exist:

 The Interface responsibility is assigned too late if at all;

o The term by others’ often leads to the interfaces being poorly managed;

e The design team does not have a good enough understanding of the
construction and manufacturing tolerances of materials at the interfaces;

« Often the design team does not have appropriate understanding of the
cladding system they are designing;



 The specialist cladding contractors do not have enough input to the design of
the cladding and interfaces early enough.

Using the CladdISS strategy will enable the supply chain to be organised and
provide a template for effective interface management.

Keywords: Interface management, Cladding, Interface responsibility, Specialist
contractors, Workpackages, Interface warranties, Buildability Building facade.
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Chapter One - Introduction

Chapte‘r 1 Introduction

1.1 Introduction

Interfaces, joints and connections between different elements or sections cause
more problems than most of the rest of the building. There are challenges during
design, manufacture and construction as well as implications throughout the life
of the building. This is especially prevalent when constructing the building
facade. Here the joints must perform at the same level as the main areas of wall
or roof, but the pressures on them are invariably much greater. They must keep
out the weather but, at the same time, accommodate tolerances of different

materials and cater for inaccuracies and movements both during manufacture,
installation and for as long as the building lasts.

To exacerbate these difficulties the building designers usually want to minimize
the visual impact of the joints (in fact many would do away with them
completely if they could). In building, Interface Management (IM) is critical in a
number of areas, Including those of technical design detail, overall design,
logistics, external influences and human relationships (Pavitt & Gibb, 1999).

1.2 Purpose of the Research

1.2.1 Research question

The question addressed by this research is:

How can interface management in the building fagade be better understood and
managed to improve construction projects?

Managing construction interfaces is an important part of delivering a construction
project without time delays or cost additions. However the lack of written
publications on how to manage interfaces within construction is a problem
discovered by the author very early in the research. Furthermore the lack of a
coherent model explaining how projects are delivered within this field implores
the need for this research. The thesis maps the cladding interface issues of the

construction industry by identifying the major factors that influence successful
project delivery.
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1.2.2 Aim of the research

At the outset the stated aim of the research was;
To develop a tool for the management of interfaces within the
construction industry, with particular reference to the building facade.

1.2.3 Objectives

The literature search and review described in chapter three, refined the research
problem Into the following specific objectives:

e Review and establish present interface management within the
construction industry via current literature

e Review and establish interface problems that occur in the construction
industry, in particular the cladding sector

o Establish the most problematic interfaces within the cladding sector
e Produce a standardised strategy for managing cladding interfaces

o Establish specific areas for improved interface management
o Validate and disseminate the research findings

1.3 Scope of the works

The research was 50/50 industry/government funded through the LINK scheme,
Meeting Client’s Needs through Standardisation (MCNS). This scheme was
jointly funded by the Engineering and Physical Sciences Research Councll
(EPSRC) and the Department of the Environment, Transport and the Regions

(DETR). The project was entitled CladdISS "a standardised strategy for window
and cladding interfaces”.

The research was undertaken by a research team from Loughborough University.
The team was led by Alistair Gibb, a senior lecturer at the University, and two
research assistants, Gary Sutherland (RA 1) and Trevor Pavitt (RA 2), the author

of this thesis. The research was aided by the expert guidance from an industrial
steering group.

Industrial partners in the project included: architect Brookes Stacey Randall; the
Centre for Window and Cladding Technology (CWCT); structural engineer and
cladding consultant Ove Arup; airports client BAA; contractor HBG construction;

contractor and cladding test house Téylor Woodrow; precast cladding supplier
Trent Concrete; curtain walling supplier Kawneer; and consultant the Building
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Performance Group. These companies formed the steering group for the
research.

1.3.1 Aims of CladdISS

The aim of the research was to facilitate a cultural change in the cladding sector
of the construction Industry. It was considered that this would be achieved by

enhanced management of the design development process particularly
concentrating on the technical and management aspects of construction

interfaces.

e Technical aim;
To develop a strategy for standardisation of cladding interfaces by coliating
i appropriate standardised, technical details for different cladding types and
their relevant interfaces, with particular emphasis on buildability (This

technical work was predominantly undertaken by Gary Sutherland).
¢ Management aim;

To develop a strategy for mapping a process between scope design, detail
design, fabrication and installation of the different cladding types and other
building elements.

e To benchmark best practice requirements for contractual arrangements,
performance testing, design development, tolerances, warranties and
interface responsibility producing a strategy for improvement.

The CladdISS management aim is the main subject of this thesis.

1.4 Definitions

The Longman English dictionary (1988) defines interfaces as “"a place or area
where different things meet and have an effect on each other”, To manage is
defined as “to control, to succeed in dealing with a difficult movement or action”.
Cladding is defined as “a protective covering put on the surface of a material or
the outside walls of a building: metal, plastic, brick or timber.”

Terms associated with interface management are discussed and defined In
section 3.15. Furthermore cladding types and terminologies are explained In
section 3.4.

1.5 Justification of the research

Identification of the research problem (section 1.2.1) and the justification for the
research is made on three counts.




Chapter One - Introduction

e Industrial significance
e Current knowledge
e Application of findings

1.5.1 Industrial significance

First, the motive of the research lies in the significance of interfaces to the
problematic construction industry. Gibb (1996) states “problems in large scale
complex buildings are more likely to occur at the interface between cbmponents
or elements of the building. This is particularly true for elements such as high
performance, bespoke designed cladding, and affects design development,
construction and long term performanc:e of the building. The key to
improvements in the efficiency of building design and construction lies in the
area of interface management”.

1.5.2 Current knowledge

Secondly, grounds for the research originate from the lack of published literature
addressing the issues, concepts and problems of generic construction interface
management let alone cladding interface management. Most interface references
concern interfaces within the computer or Information Technology (IT) industry.
Literature published In the construction sector is either very generic or
sometimes confused as supply chain management or is related to other
processes, for example partnering (section 3.11.5) has been identified as a
method of interface management.,

1.5.3 Application of findings

Finally, the application of the CladdISS tool will benefit the construction process
from its inception through to handover and facilities management. CladdISS is
an Interactive CD ROM software tool that provides a strategy for optimising
technical and management aspects of cladding interfaces. CladdISS Is targeted
at all disciplines associated with the building envelope especially;

 Designers/Architects: making sure their design decisions do not
compromise the interfaces.

« Engineers: making sure the cladding design is considered when designing
the structure and all critical interfaces.

e Construction Managers/Project Managers: making sure that they
manage and coordinate the interfaces to improve the project outcomes.

e Specialist Cladding Contractors: making sure their workpackages
Interface effectively with other workpackages.
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The research output (CladdISS CD) was validated by a questionnaire. The main

conclusions were;

e The majority (82%) thought the management information was useful.

e The majority (87%) thought CladdISS was a useful tool for the production
of cladding on a project.

e 63 percent of the people surveyed would use CladdISS after seeing the
presentation.

1.6 Methodology

The research can be classified as an investigation within the environment of
construction management. The aims of the research are presented as a research
question, alms and objectives, posed in section 1.2.3. A framework has been
developed through propositions to the research based on empirical answers to
the questions. The methodical decisions and approach Is explained in chapter 2.

1.6.1 Overview

The objectives of the research were achieved by employing the following
methods.

« A thorough literature search to help with understanding the cladding
process and evaluate process implications within interface management.

e Qualitative interviews with construction professionals (in total 40 key
experts were Interviewed). These professionals were interviewed using a
semi-structured format comprising a limited number of open-ended
questions. The purpose of the interviews was to find out how cladding
projects were procured within the construction industry and how the

interfaces were managed as very little published information existed on
these subjects.

» Process expert focus groups: Two workshops, involving key experts were
convened to discuss the process aspects of cladding interface design and
construction. The focus groups explored the key issues raised by the
research work to date and in particular the interviews.

e Questionnaires to verify key issues: A questionnaire was used to verify
the essential issues arising from the focus groups and interview findings.
In total 165 questionnaires were sent out to industry, 64 of these were
returned. The results were incorporated into CladdISS.

« The ‘observer as participant’ case study approach of ‘live’ projects allowed 1
the author to see how the interfaces are actually managed within a
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project. This also acted as validation of how the industry works. The
purpose of the case studies was twofold;
o To demonstrate the benefits of the CladdISS framework within a
project.
o To highlight industry “normal” working practices and demonstrates
how using these methods can create problems.

1.7 Results of the research

The overall aim of this research project: to improve the management of
interfaces within the construction industry, with particular reference to the
building facade, was achieved by constructing a model within a generic

construction process (based on the Process Protocol, see section 3.13). This
shows when specific interface issues need to be addressed.

The tesearch into cladding interface management highlighted a wide range of
interrelated problems, most significant amongst these . being lack of

communication and detailing of the interfaces between the design team and the
cladding contractors. The key areas identified were;

e The interface responsibility is assigned too late if at all

e The term “by others” often leads to the interfaces being poorly managed

e The design team does not have a good enough understanding of the
construction and manufacturing tolerances of materials at the interfaces

e Often the design team does not have appropriate understanding of the
cladding system they are designing

e The specialist cladding contractors do not have enough input to the design of
the cladding and interfaces early enough.

1.7.1 Contribution to knowledge

Combining the three elements of cladding procurement, design manufacture and
Installation the CladdISS strategy allows the first ever-strategic guide for the
design and management of Interfaces for building cladding, this helps the
following construction team members to:

o Designers/Architects: make sure their design decisions do not compromise
the interfaces.

e Engineers: make sure the cladding design is considered when designing the
structure and all critical interfaces.

e Construction Managers/Project Managers: make sure that they manage and
coordinate the interfaces to improve the project outcomes.

6
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e Specialist Cladding Contractors: make sure their workpackages interface
effectively with other workpackages.

The strategy could also be developed further for other complex interfaces

such as building services.

Using the process map the construction team will gain the following:

e Increased productivity

e Increased quality

e Reduced waste

e Reduce costs for design, manufacture, installation and the building life cycle.

The research introduces review points at crucial phases In the construction

process that suggests specific management tasks.

1.7.2 Main findings

During the investigative research into interface management, several important
conclusions were reached which provide justification for the Improvement of

cladding interface management. The conclusions formed constitute the main
findings of the research and are listed below:

The main causes of problems associated with design, manufacture and
installation of the cladding interfaces can be attributed to poor management and
poor communication. This is manifest in design, manufacture and installation as
follows:
Design o
o Interface responsibility is not determined early enough sometimes not
until site installation. Also in worst-case scenarios some do not want to
take the responsibility.
« Contactors are not appointed early enough to aid the design.
e There can be too‘much “over specification” of the cladding, causing
complicatéd and sometimes impossible designs.
o lack of communication throughout the design stage.
 Incomplete design, especially of the interface.
o Insufficient design expertise from the specialist contractors.

o Often, insufficient money is allowed for the design of the interface
because of this complexity.
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Manufacture

Lack of understanding of tolerances in manufacture and design.
However, “the tolerance issue is not really a problem; it only becomes a
problem when the interfacing specialists do not know the tolerances of
the other products”l.

Managing the lead times for materials. “Glass invariably will be on the
critical path, as it can take up to 14 weeks for delivery. Problems occur
when there is a change in design late in the process, there is no
consideration for the delays that may happen”?,

A cladding system may be complete in manufacture but often has to be
altered due to insufficient design of the interface. This Is either carried

~out at site or has to be returned to the manufacturer’s factory for the

modification.

Installation

If a building is going to leak, 90% of the time it will be at the junction
between two differing trades. More often than not it will be the roof to

cladding interface, especially at complicated parapet details, up-stands
and terraces.

The term by others continues to cause problems. "Most contractors, to
win work, especially with traditional procurement detail their own

standard work and ignore anything over and above quoting by others"3,

“There are “unwritten” rules or assumptions made all the time with
‘Interfaces. For example, if there are windows Installed inside precast

openings, then the window Installer should take the warranty of the
interface, but this is rarely written down or agreed. Therefore the

warranty “falls” by default (not by agreement) in the package of the last
contractor.

Frame to cladding interface. Invariably the two contractors are not
formally appointed at the same time so assumptions have to be made.
Exact fixing zones on the frame cannot be identified. So often, revisits or
reworks are required. With steel frame, a method of rectifying this
problem is to drill holes on site. However the cladding contractor does not
like this because of the health and safety implications. Furthermore, to

facilitate a hole in a steel frame at the factory is comparably cheap, but

1 Unspecified quote from expert interview (Pavitt, 1999)

2 Unspecified quote from expert interview (Pavitt, 1999)

3 Unspecified quote from expert interview (Pavitt, 1999)
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on site is expensive. Precast concrete cladding can be the worst, due to
the weight of the panels bearing on the frame. In all cases loads need to
be agreed not assumed.

e Sealants at the interface tend to be overlooked because there is no clear
identification as to whose package they are in.

From the problems uncoyered during the research investigation the following
conclusions have been developed to enable and encourage improved interface
management;

Identify the interface responsibility as early as possible
Appoint the specialist contractor earlier

Ensure there is a greater understanding of all tolerances
Ensure there is a greater undérstanding of buildability
Develop tools that identify an;d aid Interface management

Appoint cladding and frame contractors at the same time
Standardise interface designs

Reduce adversarial effects within the process
Risk assess designers’ knowledge of cladding from past projects

Improve programming and sequencing at site level
Eliminate the term ‘by others’

O 00 N O 1 & W N -

N
N = O

Ensure all installers have attended approved training courses

1.8 Guide to thesis

Chapter one introduces the thesis. The concept of interface management is
Introduced, forming the generic issue for more specific topics covered in the
subsequent chapters. The research question, aims and objectives that give rise
to the research are posed and considered. Justification for the study is discussed.
The chapter also gives a brief description of the CladdISS rejsearch project, the

basis for this thesis. The chapter also gives a brief description of the
methodology employed during the research.

Chapter two discusses the methodical 'appro‘aches available for the research
namely qualitative and quantitative. The Iimplications and methodological

possibilities are discussed and justified. Data collection strategies and analysis
techniques are similarly discussed.
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Chapter three reviews the published literature that helped determine the
research objectives. The review further emphasises the need for the research
due to the insufficient amount of literature written on the subject. Furthermore
the author gained a good insight into the construction processes and obtained a
perspective from previous researchers while reviewing the literature. The chapter
identifies the resources used finding the literature and summarises the key

findings; this also provided a background to managing construction interfaces
and cladding issues. The chapter has eleven main headings based upon the
following key word search; cladding, Iinterfaces, design, procurement,
communication, specialist contractors, supply chain management and buildability
and workpackages.

Chapter four explains the funded research project entitled CladdISS "a
standardised strategy for window and cladding interfaces”. It explains how
CladdISS came into existence, the methodology behind the research and its final
deliverables. The aim of CladdISS s to facilitate a cultural change in the cladding
sector of the construction industry. It was considered that this would be
achleved by enhanced management of the design development process

particularly concentrating on the technical and management aspects of
construction interfaces.

Chapter five presents the main data findings and analyses the results. The data
collection used four methods:
e Interviews
e Focus groups
e Questionnaire
e Case studies

Chapter six develops the research results by producing a framework for
improved management of cladding interfaces. Finally validation results are
shown and discussed. The results are based on the management sections of
CladdISS. Actions required at different project phases have been developed.
They are presented as a process map that identifies significant cladding interface

management actions and decisions in a project, from its inception through to
facilities management.

10
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Chapter seven concludes the thesis, highlighting the main findings of the
research and the implications these have upon construction projects and the
construction industry as a whole. The chapter culminates with recommendations

for further research arising from the study. A graphical representation of the
thesis is provided in figure 1.1 overleaf.

11
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Figure 1.1: Graphical representation of the thesis
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Chapter 2 Methodology

2.1 Introduction

Chapter 1 introduced the research explaining the aims, objectives and the
justification. This chapter explains the research design and methodology used,
and compares the different research types and approaches. The methodology
may be regarded as a decision making process taken by the researcher which
forms background assumptions that are proposed in order to organise the
researchers view of reality (Birley and Moreland, 1998).

The methodology describes the methods by which research can be carried out,
and lies at the heart of any research (Fellows, 1997). In order to ensure that
the findings of any research project are valid the researcher must identify and
follow certain research methods. This has three distinct purposes: 1) to assist
the researcher collect appropriate data that relates to the chosen subject; 2) to

ensure that the data is collected in a beneficial way; 3) to assist the researcher
in aligning and analysing the data (Steel, 1999).

Phillilier et al, in Yin (1984), states that the research design can be thought of as
a “blue print" of research, dealing with at least four problems:

1 What questions to study,

2 What data is relevant,

3 What data to collect, and

4 How to analyse the results.

The method for this research involved certain criteria and deadlines stipulated In
the research proposal (CladdlSS, described in chapter 4) prior to the
commencement of the project. Its purpose was to control the progress of the
project with outputs and milestones within the research period. This chapter
details reasons for the methods used and the types of research employed.

2.2 Outline of the methodology

The aim of the methodology is to produce a beneficial research document, which
will achieve the aims, objectives, and clarify the research question described in

chapter 1.0. Figure 2.1 is a graphical representation of the methodology behind
this thesis.

13
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Introduction
Chapter 1
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Chapter 2

Literature review
Chapter 3
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Research Findings & validation
Chapter 6 4
Conclusions and Recommendations
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Figure 2.1: Graphical map of the research methodology
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The first step of the research is to identify the subject area. In this case the area
chosen was managing interfaces within the building envelope. The selection of
the subject was chosen by the researcher due to an interest gained from
previous research on the cladding process.

2.3 Methods of collecting data

As the research was part of a government funded research project the criteria
for the research and data collection was partially dictated in the initial research

proposal. The proposal highlighted that the researcher should conduct a
sufficient number of interviews throughout the construction industry so that

enough data would be gathered to achieve a representative understanding of the
research problem.

Focus groups were organised by the researcher involving key industry
practitioners in the construction industry, in particular representatives from the
cladding sector. The researcher then produced a questionnaire, which was sent

out to professionals assoclated with the cladding sector to verify the Initial
research findings.

The final findings of the research were then produced. Primarily they were
mapped out using the process protocol (explained in chapter 3, literature
review), a generic process-mapping tool designed by Loughborough and Salford
Universityhfor use on any construction project. In order to validate the findings

of the research, CladdISS was trialled with experts from general construction
and the cladding sector.

Tucker et al (1997) stated that there are many effective methods for collecting
data, such as interviews and questionnaires. They also mentioned that a
questionnaire is one of the best and most efficient methods of data collection.
Reasons for this are efficiency in producing data where the respondents are
geographically dispersed and where a wide spectrum of respondents is required.

A questionnaire was used in the research to validate the research data from the
interviews and focus groups.

2.4 Planning the research

The plan of the research encompasses the research project guidelines as well as
relevant investigation techniques required to produce the final research
document. The research followed distinct steps in achieving this, namely:

15
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1. Review existing literature in order to obtain background knowledge of the
research subject.

2. Identify and carry out interviews with key industry practitioners.

. Set focus group topics based on the information gathered from the
interviews.

%

Establish appropriate attendees for the focus groups.
. Conduct focus groups.

4
5
6. Develop and distribute a postal questionnaire to verify the research findings.
7. Analyse returned data.

8. Organise the research findings into a framework for managing interfaces.

9

. Complete case studies of live projects to evaluate industry methods of
managing Interfaces and compare them to the research framework.
10.Validate the research findings by means of industry presentations and

trialling with construction professionals, culminating with a validation
questionnaire.

2.5 Literature search and review

Research should follow an established procedure of investigation, which normally
starts with a through literature search and review. It not only justifies the
approach to the research but also identifies gaps in knowledge (Hart, 1998).

The following key words were used to focus the literature search and review:
cladding, Interfaces, design development, procurement, communication,

specialist contractors, supply chain management and buildability. The literature
review is presented in chapter three with eleven main headings, these are:

» Historical development of cladding within building architecture.

 Implementation of cladding to the construction industry.
e Cladding of buildings.

e Construction design.

o Procurement processes within the cladding industry.
o Buildability.

o Specialist contractors and workpackages.
o Supply chain management.
o Interfaces within the construction process.

e Management processes within the construction and other related
industries.

 Research for improvements within construction.

16
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The literature review forms the foundation of any research with its primary task
to evaluate current or previous information, which has been published in books,
journals, conference proceedings or other relevant publications. Also the
literature review Is a starting point for the researcher to gain an understanding
of the subject. It was carried out using the following resources:

e The Pilkington Library, Loughborough University
. OPAC Database (books, serials)
. CD-ROM Database (Ante, Bids Compendex, Citis, Evel)
. Internet

e The Nottingham Trent University library

. PhD. Construction Management Dissertations

e The Chartered Institute of Building (CIOB) library

o Centre for Window and Cladding Technology (CWCT) Library
o The Movement for Innovation (M*I) research papers

e Architectural Cladding Association library and videos

The literature review produced much information on the subject area of cladding
and management issues, which formed the basis for development of the
research problems. However it has highlighted that there is very little literature

written on managing interfaces within construction let alone cladding, thus
emphasising the need for the research.

2.5.1 Internet Search

With the advanced technology available the internet was used at the start of the
literature review. Web based search engines were used to find information, with
keywords such as cladding, cladding types, precast, curtain walling and

interfaces. Numerous responses were achieved from the keywords. The literature
review [s summarised in chapter 3.0.

2.6 Project Steering Group

A project steering group helped oversee the research and provided expert
knowledge to the project. The group consisted of professionals associated with

construction, cladding design and management. Figure 2.2 shows the group
members’ professional roles.

17
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' Centre for Window & - | Specialist Contractor
Cladding Technology {(Precast Concrete Cladding)
Curtain Walling \ / Architectural
Systems Designer Consultant

Research Team ,
Architect/
Construction Co &
Designer
Cladding Testing Expert / \
Construction
Airport Authority
Facade Consultant Contractor
Supply Manager
Figure 2.2: Steering Group Members’ Professional Roles

2.7 Qualitative v quantitative research methods

Before embarking on the data collection the issue of which method should be
| used was addressed. It is necessary that the investigative method used would be
appropriate to deliver a robust response to the research problem. There are two
possible methods; qualitative and quantitative. 'Ackroyd and Hughes (1992)
state that “it is not about antimony requiring choice within the context of social
research, it is the nature of the research problem”.

Furthermore Walker (1997) maintains that “quantitative research compares
factual data with theory, how many and how much? Compared to qualitative
which seeks to find out individual beliefs by asking how and why”? Modern
construction management research has benefited from the merits of both
approaches (Seymour and Rooke, 1998, 1995 and Wing et al, 1998). One
benefit from this research has identified that construction management Is as
much soclal as technological; therefore choosing one over the other could have a

negative effect on the research. Therefore a methodology that uses both
methods is at least desirable if not necessary.

2.8 Interviews

This section describes the methodology behind the interviews. After the initial
literature review had been completed it was necessary to gather information on
the subject from key industry practitioners. During the literature review the
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author compiled a list of professions that could explain and expand upon the

critical issues that had manifested in the literature search.

In total there were forty practitioners interviewed. To be able to gain a true
understanding and concept of how the cladding process is currently managed,
particularly on how interfaces are dealt with in the industry, the interviews had
to include representatives from all parts of the cladding and construction sectors.
Therefore the interviews included consultants, cladding installers, designers,
system designers, engineers and research organisations. Figure 2.3 shows a

breakdown of the interviewees’ role in the industry.

Sealant applicator, 1 1

QS, 1

Client/ developer, 3

Frame contractor, 2

Client adviser, 2

Structural

engineer, 2

Construction
contractors/

. designers 11
Specialist cladding

contractor, 12

Figure 2.3: Breakdown of interviewees’ roles

2.8.1 Pilot Testing the Interview Format

Before the interviews were conducted on interviewees unknown to the
researcher it was necessary to pilot test the interview format. The importance of
running a pilot test was stressed by Oppenheim (1992) stating " questions do
not emerge fully-fledged; they have to be created or adapted, fashioned and
developed to maturity after many abortive test flights. In fact, every aspect of a
survey has to be tried". This process was carried out on four members of the

steering group committee, gradually refining the interview format during the four
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interviews. The main purpose of this was to ascertain the length of the
interviews and to establish whether the interview format was addressing the
main research issues.

The first two interviews took an informal approach. This form of interview lets
the interviewee talk in a relaxed atmosphere, with non-directive questions which
are not constrained to fixed answers (Cooligan, 1994).

After these first two trials the interviews took a different format, in that they
were informal but guided. This method is often referred to as the semi-
structured method of interviewing. This approach was taken because the
researcher had managed to refine the interview format from the initial
interviews. Furthermore, during the pilot interviews the interviewees tended to
veer off the subject unless restricted, therefore the need to structure the

interviews. This method was pilot tested on two members of the steering group
before the commencement of the main key expert interviews.

Therefore the remaining interviews followed a relatively established course but
still allowed the respondents to express their own points of view. This informal
but guided method retains the advantage of the informal approach, but provides
the interviewer with an outline of the topic (Cooligan, 1994).

2.8.2 Potential Interviewees

To gain m'aximum information it Is necessary to Interview people who would
input Information that would benefit the research therefore the choice of
applicants for the interviews was very important. The project steering group
provided the researcher with prominent industry contacts, particularly those
within the cladding sector, who they thought would be willing to be interviewed.

As part of the preparation for the interviews the researcher informed the
potential interviewees of the nature and intended outcomes of the research. A
"fax" was sent to the potential interviewees requesting time for an interview with

an overview of the research project. The interviewees were then contacted by
telephone to arrange the interviews.

The interviews were conducted over a period of six weeks. Due to the contacts
prior to the interviews, only one person refused an interview, Also it was made
apparent by the interviewees that there was need for this research in the
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industry. Many of the interviewees requested that they were kept informed of
the research progress and its findings.

2.9 Focus Groups

Section 2.3 identified focus groups as a key part of the research methodology.
As a form of qualitative research, focus groups are fundamentally group
Interviews, with the reliance put upon interaction within a group centred around
~ topics predetermined by the researcher, who typically acts as a moderator
throughout (Morgan, 1988).

2.9.1 Uses of the Focus Groups

From a social science point of view, focus groups are useful for the purpose of
coIIeEting qualitative and quantitative data. The strength of focus groups lies in
the researcher’s ability to observe interaction between the groups relating to the
researchers topic (Morgan, 1988). Bellenger et a/ (1976) noted that interaction

between groups leads to spontaneous responses from participants as well as
producing a fairly high level of participant involvement.

The researcher gathered a considerable amount of qualitative data during the
interviews: the focus groups were used in the initial stages following the
interviews to hone the data gathered. However, one of the weaknesses of using
focus groups is the reliance on the interaction within the groups, never knowing
whether or not this would be mirrored in individual behaviour. For example

individual decision-making may alter compared with group influence (Janis,
1982).

This was experienced in the first focus group, where the researcher felt that
certain individuals dominated the group and consequently the proceedings
became slanted towards particular fields of expertise. The next group addressed
this situation by concentrating on areas omitted from the first focus group. In

total two focus groups were held and overall the results were a good source of
data for the research.

2.9.2 Project steering group

Throughout the duration of the research project the research team and steering
group would meet for meetings every three months. Following the formal
aspects of the meetings the remaining time was used as "mini" focus groups.
The focus groups discussed the research as it stood at the time, or from
questions proposed by the author.

21
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2.10 Questionnaire Design

Following the interviews and the focus groups a postal questionnaire was sent to
selected individuals within the construction industry. To accomplish the highest
possible response it was essential that the questionnaire was sent to suitable
individuals and that the format was concise and focused to the project

requirements.

The selection of the questionnaire respondents was facilitated by an article in
Building (1999) magazine, which Identified the top 250 consultants, 100
architects, 100 contractors and 75 engineers based in the UK. The questionnaire

followed a similar pattern to the interviews, using the steering group as a source
of information for contacts in addition to those identified through the Building
article. The steering group reviewed the contact list to ascertain whether the

companies were relevant to the research topic and in addition to supply contact
names of professionals within the companies.

Hague (1993) claims that the questionnaire is one of the most important aspects
In research and is one of the basic building blocks of market research, but for the
purpose of this research it was used primarily for verification purposes only. The
rationale behind this thinking was that enough quantitative data had already
been obtained and any further quantitative data would be of no added benefit.
However the respondents had the opportunity to add their comments and
thoughts on associated issues.

2.10.1 Types of Questions

The questions are either open or closed. Closed questions have a set number of
responses predetermined. by the researcher while open questions allow the
respondent to answer in full, with very descriptive answers (Fellows, 1997).

Following the open format of the interviews and focus groups it was decided that
the questionnaire should take the closed alternative.

Questions can also be qualitative or quantitative. On deciding the types of
question to be asked the type of information required must be considered. If the
results required are of a numerical form then the data will be quantitative and
can make use of descriptive statistics. If the question requires detailed answers
then the data will be largely qualitative, although parts may well become
quantified (Cooligan, 1994).
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The previous methods of data collection (interviews and focus groups) had been

predominantly qualitative. Therefore in order to validate this data it was felt that
the questions needed to be of a quantitative nature.

2.10.2 Choice of Answers

Because closed questions were to be used the response answers were relatively
easy to choose. The most common method of obtaining results is by the Likert

scale. This provides various scales of agreement or disagreement to a given

question, usually with a 5-point or 7-point scale (Fellows, 1997). The questions
followed the 5-point scale.

2.10.3 Pilot testing the questionnaire

Prior to distribution there was a need to pilot test the questionnaire, to judge

that the questions were clear and concise and that a pre-determined time for
answering could be established.

The questionnaire was pilot tested on people within the Civil and Building
Engineering Department of Loughborough University, the project steering group
and friends of the researcher who have no association with the construction

Industry; this achieved an unbiased opinion on the questions. The significance of
these three different groups is as follows:

« Civil and Building Engineering Department; Knowledge of the construction

industry and methods of research but have limited knowledge of managing
claddind | | |

e Steering Group; Experts cladding and construction process but limited
knowledge of research methods

» Friends; Limited knowledge of construction and research methods but
provided a check on comprehension and clarity of the questionnaire.

The final questionnaire can be found in Appendix A.

2.10.4 Questionnaire categories and percentage returns

In total, 165 questionnaires were sent out to industry. From them 64 were
returned, which gave a response rate of 38 percent. Table 2.1 shows the
percentage of the returned questionnaires and their categories. The responses
have been split into the following five categories, after each category is the

number of responses received from the 165 questionnaires (Pavitt and Gibb,
2002).

23



Chapter Two - Methodology

Number % % of

returned returned responses

Number
sent out
(C/Bx100) (C/64x100)
Cladding

Contractors

Cladding
consultants

14 31 22

29 14

48 22

Designers/
Architects

Principal

39 14 36 22

32 15 16 23

contractors

Systems
19 7 - 37 11
designers

Table 2.1: Breakdown of questionnaire responses

2.11 Data Analysis

Following the data collection the next step is to analyse the data. The preferable
approach is to consider, evaluate and plan the analysis in a similar way to
planning the whole research project (Fellows and Liu, 1997). Geddes (1968)
advocates the method of: |

e Survey
e Analyse
e Plan

2.11.1 Interview analysis

The Interviews were the starting point for the data collection following the
literature search, The main source of data collection during the interviews was a
matrix. A matrix is essentially the ‘crossing’ of two lists, set up as rows and
columns to see how the two interact. The choice of data entry into the matrix
cells are critical issues in qualitative data analysis. The conclusions drawn from a
matrix can never be better than the quality of the data entered.
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The test of any matrix Is what it helps you understand from its content (Miles
and Huberman, 1994). Furthermore they indicated that there are set rules of
thumb for matrix analysis, these include;

e Quick scan- where scanning the rows and columns to see what Iinitially
becomes apparent. Then verify this through a more careful method.
e -More generally, any early conclusion typically needs confirmation,

checking and verification.

The primary purpose of the matrix was to gain outline information on interface
management then hone the findings, the researcher followed the quick scan
method enabling the main points to be discussed further in the focus groups.
Furthermore Simister (1995) pointed out that one of the problems inherent

within the richness of Interview data is that analysis Is impractical without a
reduction in the form of data.

2.11.2 Focus groups analysis

In total two focus groups were held, full analyses of the results are shown in
chapter 5 data collection-and analysis. Morgan (1998) states that “analysis of
focus group data is different from analysis of data collected through other
qualitative methodologies.” Therefore it was necessary that the focus groups
were thoroughly planned. Morgan further stated that there are four basic steps

for focus groups:

« Planning- anticipating the major decisions that need to be made.
e Recruiting- having the right participants.
e Moderating- taking part in the discussions, at minimum good questions
are required.
* Analysis and reporting- making sure the data is neither too complex nor
too simplistic.
Planning for the analysis phases takes into account the scope and purpose of the
project as well as the reporting of the results (Krueger, 1998). It was agreed
within the project steerlng'gréup that the information gained from the focus
groups would be specific problems and solutions for cladding interface
management and these would be validated by means of a questionnaire.

2.11.3 Questionnaire

The questionnaire was the quantitative data collection method following the
qualitative methods. Fellows and Liu (1997) state that “essentially, quantitative
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approaches involve making measurements by collecting data. The approach is
built upon previous work which has developed principles, laws and theories of
the particular research project.”

Therefore the author built upon the ciata collected In the interviews and focus
group to formulate the questionnaire. Its purpose was to validate the findings.
According to Eaton (1998) this type of survey represents an efficient method of
collecting data of a general nature and allowing statistical analysis to be
performed.

To statistically analyse the data it was decided to use a computer aided package,
the statistical package for the social sciences (SP_SS), which is possibly the most

widely used and comprehensive statistical program in social sciences (Bryman,
1997).

The great advantage of using a package like SPSS is that it enables the user to
analyse quantitative data very quickly and in many different ways. Furthermore
it provides the opportunity to use more complicated and often applicable

statistical techniques that probably would not be used (Bryman, 1990). The
SPSS results are shown in the chapter 5 and Appendix B.

2.12 Case studies

Following the interviews, focus groups and questionnaire the author carried out
five case studies. The purpose of the case studies was to allow the author to
observe “live” projects and to see how the interfaces are actually managed
within a project. This also acted as validation of how the industry works.

Yin (1981) describes case studies as an empirical enquiry that investigate
contemporary phenomenon within a real life context in which muitiple sources of
evidence are used. Furthermore he observed that a case study does not require
control over behavioural activities, Also it is an ideal method of obtaining a clear
insight into the complexities of a working project (Voyatzaki, 1996).

2.12.1 Case study design

It is acknowledged that one of the most important advantages of case study
research lies with the opportunity it affords for a holistic view of processes
(Gummesson, 1991) and a multiple case study approach is generally seen as
more rigorous than a single case study approach (Yin, 1994). The multiple case

study approach also enhances result generalisation, allowing the researcher to
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make comparisons between the studies (Bryman, 1989). Therefore it was
decided to use multiple case studies, in total five projects were chosen, drawn
from various projects involving the project steering group companies.

The observation role of the researcher in case studies can vary. Robson (1993)
claims that observation seems pre-eminently the appropriate technique for
getting at ‘real life’ in the real world and described two basic methods of

observation; participant and observation. Furthermore Ackroyd and Hughes

(1992) describes four roles of observation from participant to complete observer.
These are given in Table 2.2.

1 | Complete participant The role in which the observer becomes a fully

fledged member of the group under study, any
research purpose being concealed.

2 | Participant as obsérver Both researcher and subjects are aware of the fact
l— that theirs is a fieldwork relationship.

Observer as participant Involvement with subjects is deliberately, or for a
i- number of practical reasons, kept to a minimum.
4 | Complete observer Requires investigators to insulate themselves from
e

Table 2.2: Participant observation roles (Ackroyd and Hughes, 1992)

‘The author chose the role of observer as participant. This method was chosen

" 'because the author had collected sufficient data from the previous methods of
‘'data collection.

2.13 Framework development and validation

The completed research produced a framework tool for improved management of

cladding interfaces. This is covered in detail in chapter 4, CladdISS. The aims of
the framework were;

 To show how problems can arise if "Best Practice" is not used on a project.

To show the user how the cladding interface management process can be
improved by using the framework.

The framework has been divided into 3 sections:
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1 Project phases
2 Programming
3 Specialist Cladding Contractor & Workpackages

The main aspect of the framework presents a process map which identifies
significant cladding interface management actions and decisions in a project,

from Its inception through to demolition and decommission. The process map is
based on the process protocol (Cooper et al, 1998).

The framework stresses the need for the research, as ultimately a failure to
address interface issues will:

» Reduce productivity
e Reduce quality
e Increase waste

* Increase costs for design, manufacture, installation, and the building life
cycle

2.13.1 Validation

It is important to be sure of the validity of the research and the framework. It
makes sure that there is confidence in the research findings. This was achieved
by trialling CladdISS within the construction industry, during this time the
recipients were asked to complete a questionnaire on the relevance and impact

of the research. In total the framework was shown to 32 experts in the
construction industry.

The validation questionnaire had two parts:
e General impact of the framework

e Specific impact of the review points

Listed below are summary findings from the questionnaire; complete resuits are
shown in section 6.4:

 The majority (82%) thought the management information was useful.

e The majority (87%) thought CladdISS was a useful tool for the production
of cladding on a project.

e 63 percent of the people surveyed would use CladdISS after seeing the
presentation.

o CladdISS is easy to use and navigate.
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2.14 Summary

The methodology for this thesis has been structured using guidelines from the
research project proposal (CladdISS) and methods developed by the researcher.
The chapter has defended the selection, planning and execution of the research
design.

Essentially the methodology adopted a qualitative approach for the data

collection with the interviews, focus groups and case studies. However, It used a
quantitative method for validation with the questionnaire.
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Chapter 3 Literature Review

3.1 Introduction

Chapter 1 introduced the research explaining the aims, objectives and the
justification. Chapter 2 described and discussed the methodology. This chapter
provides a review of published literature that helped determine the research

objectives.

The literature review is an integral part of any research. It is important to
assess whether the researcher has achieved sufficient and relevant knowledge
from present and past publications. The literature review must be critical and
therefore demonstrate that “the writer has studied existing work in the field with
insight” (Haywood and Wragg, 1982). The researcher also gains a good insight

into the subject and obtains a perspective from previous researchers while
reviewing the literature.

It is widely accepted that a major problem within the construction industry s
fragmentation (Latham, 1994: Kwakye, 1997). Unlike other manufacturing
industries there Is distinct separation between design, manufacture, and
installation of the products. Over the years the need for integration has been
identified. In the 1960’s the Emmerson report highlighted the problem stating
that “in no other industry is the responsibility for design so far removed from the
responsibility for production”. In more recent years “Rethinking Construction,

1998” (the Egan report) presented recommendations for‘change within the
construction industry.

One initiative was for greater integration within the construction process. The
reason for the fragmentation can be attributed to divisions within the

professional disciplines and the prototype nature of construction (Rowlinson,
1987). However it not just the UK that has a fragmented construction industry,

this has also been identified in the US construction industry (Sanvido and
Medeiros, 1990).

An example from the cladding sector is offered by Pietroforte (1995) who
identified _“a stone veneered facade results from the contribution of several
trades that assemble materials and components which need to be coordinated in
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order to achieve a successful assembly and erection performance. Stone erectors
tend to specialise depending upon the type of supporting system. The
contractors assemble the wall in conjunction with window erectors” (interface
management). The fragmentation of the industry poses challenges within the
building facade particularly the development of the purchasing strategy.

This chapter identifies the resources used finding the literature and summarises
the key findings; this also provides a background to managing construction
interfaces and cladding issues. This chapter has eleven main headings based
upon the following key word search; cladding, interfaces, design, procurement,

communication, specialist contractors, supply chain management, buildability
and workpackages:

 Historical development of cladding within building architecture

e Implementation of cladding to the construction industry
e Cladding of buildings

e Construction design

o Buildability

e« Specialist contractors and workpackages

e Procurement processes within the construction industry
¢ Management and proceés changes within construction

e Supply chain management

e Interfaces within the construction process

e Current research for improvements within construction

3.2 Sources of Literature

The literature review is based on Information gained from a variety of resources,
namely:

o The Loughborough University Library (Pilkington)
. OPAC Database (books and serials).

. CD-ROM Database (Ante, Bids Compendex, Citis, Eevl)
. Internet.

o« The Nottingham Trent University Library.

e PhD, Construction Project Management thesis.
e CWCT Library.

o Architectural Cladding Association Library and Videos.
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All the above resources have enabled the author to achieve a good
understanding of the written and recorded publications on the research topic.
This is an ongoing process throughout the whole duration of the research from
October 1998 untill September 2001. Any publications or reports released after
these dates related to the subject area are therefore not included in this thesis.

3.3 Historical development of cladding

Before the different cladding types are discussed it is necessary to consider two
concepts that have influenced the evolution of this form of construction. First
there was the development of frame construction, and second the introduction of
systems prefabrication (Brookes, 1985).

3.3.1 The Frame

The first building with a structure of iron was the Menier factory in Paris, which
was built in 1871-2. The Menier factory had an external skin made of non-
loadbearing panel infills. However it was in large American cities such as Chicago
in the later part of the 1800’s that the steel frame structure acquired precedence
in growth with the use of panel and frame construction (Brookes, 1998).

3.3.2 Advantages of frame construction

This ‘new’ form of construction brought two main advantages, firstly a potential
for greater floor space than masonry construction. Secondly, and possibly the
greatest significance of this form of construction and the affect on cladding as it
stands today, the whole weight of the building can be supported by the frame.
With these advantages there was a large swing in favour of this type of
construction in America, In particular, the Chicago skyscrapers. One of these was
the Scott department store 1899 which used an exposed frame with large glass
panels (Brookes, 1998). Rowe (1956) commented “the frame has been the
catalyst of architecture, but one might notice that it has also become

architecture, that contemporary architecture is almost Inconceivable in its
absence”.

The primary drive for the development of framed structures was not technology
but economics. Developers were starting to realise that load bearing walls were
using space that could be utilised for rentable space (Friedman, 1995). In Britain
as well as America there were examples of industrialisation and prefabrication in
the nineteenth century with the spectacular Crystal Palace in London, built for
the Great Exhibition of 1851, Here the designer Joseph Paxton was required to
produce a building which could be manufactured and erected very quickly (nine
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months elapsed between the completion of the sketch design and completion of
the building) and which could be dismantled and relocated elsewhere (possibly
the first fast track project). The design culminated in a glass fagade fixed to an
exposed frame structure made of iron and timber (Macdonald, 2001).

3.3.3 Implementation of cladding in the construction industry

Nkado (1992) described cladding as "“all activities necessary to render the
building watertight and weathertight, including external walls, roofing, windows
and external doors”.

In the nineteenth century a manmade cladding material, terracotta, was one of
the first materials used to clad brick buildings. Furthermore it was used more
and more on steel and iron framed structures (Taylor, 1992).

The most common types of cladding used in the construction industry are non-
loadbearing, often panel formed, in conjunction with a structural framework.
The use of cladding has been influenced strongly by the building form. Firstly
there was the development of frame construction, followed by the introduction of
systems of prefabrication. From this, component parts of a building can be

fabricated in a builder’s yard or workshop facilities prior to their assembly on the
actual construction site (Brookes, 1998).

The development of the early curtain walls endeavoured to find a thinner
exterior wall, Early skyscrapers such as the Chrysler and Empire State buildings

developed the metal skinned spires, with a thin metal skin and a backing of brick
(Friedman, 1995).

Cladding was introduced with the idea of quicker construction, but the main
concept and realism of the design Iis that of standardisation. Cladding
predominantly is made of standard parts and designs. Standardisation aids the
architect's development of a method in design, to Implement constructional

methods that will both relate to a known pattern of behaviour in use, and
function more efficiently (Brookes, 1985).
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3.4 Cladding of buildings

3.4.1 Different cladding types.

There are many types of cladding systems. It is important therefore that there is
a comprehensive understanding of the different systems designed and
manufactured before the management aspects can be addressed. Furthermore,

. there are three different cladding categories given from different organisations,
each with a different emphasis. Listed are the three descriptions;

o Structure (CIRIA)
e Materials (Brookes)
e Systems (CWCT)

The building structure can be separated into two areas as a starting position,
these are:

Walls in non-framed structures (load bearing construction, load bearing
walls)

This consists of load bearing units, which include brick, concrete block, and stone
—and are not really cladding at all.

+ Cladding in framed structures (framed construction, non-load bearing
cladding)

The non-loadbearing cladding is the emphasis here. Claddings In buildings, often

In" panel form are mostly used in conjunction with a structural framework

configuration (Brookes, 1983). These are slightly more complex in design and

assembly and are separated into four main divisions;

1 Small units framed; masonry cladding on concrete/steel frames, masonry

cladding on heavy steel frame, lightweight and masonry cladding on timber

frames, and lightweight and masonry on light steel frame. |

2 Large lightweight units on framed buildings; metal, steel, and aluminium,

glassfibre reinforced cement, glassfibre reinforced polyester, fibre cement, metal

faced proprietary composites, curtain wall overcladding including rainscreen.

3 Large heavy units framed; concrete panels, and in situ concrete.
4 Structural glazing, (CIRIA, 1992),

However Brookes (1983) stated that cladding can be separated into six main
subdivisions based mainly on the materials used. These being precast concrete,

glass reinforced panels (GRP), glassfibre reinforced cement, profiled metal and
asbestos cement, sheet metal, and curtain walling.
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CWCT categories cladding as;
o Profiled metal systems
¢ Curtain wall systems
e Precast concrete cladding

e Small panels requiring support from a backing wall (Rainscreen)
e« Masonry (not included In this thesis)

e Fully supported copper or lead sheet (not included in this thesis)

From the previous classifications it is clear that there are numerous types of
cladding and different materials used in their production. The CWCT categories
are used to structure the following cladding sections. The majority of the
Information has been extracted from their technical notes.

3.4.2 Curtain walling

It is often said that this Is the most used cladding type within the UK
construction industry at present. This is a form of lightweight non-load bearing

cladding which forms a complete envelope around a building or structural frame
(Chudley, 1994).

The curtain wall generally consists of a grid system, either horizontally or
vertically, complete with infill panels. In low-rise buildings the framing couid
comprise of a wooden grid but as a rule, especially for high rise construction, an

aluminium alloy is normally employed for the grid material. There are three
methods of constructing a curtain wall system. They are as follows:

o Stick System
o Unitised-

¢ Panellised

With all three methods of erection the infill panels are usually made from glass
or aluminium.

e The stick system consists of a prominent site erection process. With the
frame (the stick) being constructed from the exterior of the building,
generally off scaffolding. The frames are normally extruded aluminium
protected by anodising or powder coating, but maybe cold-rolled steel or
aluminium clad with PVC-U (CWCT, 2000). The infill panels are then secured
to the grid. To make the structure “weathertight” against the elements, the
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final structure will be sealed using silicone based mastic with access made

possible from a cradle or a cherry picker. Figure 3.1 shows the general
arrangements of a typical stick system assembly.

The unitised system comprises narrow storey height units of steel or
aluminium framework, glazing and panels pre-assembled off site in a factory
environment. At site assembly mechanical handling is required to position,
align and fix the units onto site fixed brackets which are attached to the floor

slabs or the structural frame (CWCT, 2000). Figure 3.2 shows the general
arrangements of a unitised system assembly.
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glazing

Figure 3.1: Curtain wall stick system (CWCT, 2000)
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Pre-assembled
panel

Figure 3.2: Curtain wall panelised system (CWCT, 2000)

The panellised system is bolted together in an arranged sequence on pre-

installed brackets, the panels are bay width and storey height thus the panels
themselves form the grid. Generally with this method of installation the
construction work can be carried out from the inside of the building, thus

eliminating the need for scaffolding. Like the stick system the final

application is that of the sealing mastic. Figure 3.3 shows the general
arrangements of a panellised system assembly.

The unitised and panellised systems are a far quicker method of site erection.
Both methods have their advantages associated with the high levels of potential
prefabrication off-site. The stick system has the advantage of being smaller and
involving easier components to handle, however compared with the unitised and
panellised method, the site erection time can be far longer (Brookes, 1998).
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Pre-assembled
unit

Figure 3.3: Curtain wall unitised system (CWCT, 2000)

3.4.3 Glazing systems

Over the last few years there has been a dramatic increase in the use of glass
for curtain walling. Systems such as suspended glass and structural glazing are
becoming very prominent, as well as Pilkingtons “Planar” system. Many of the
systems are using laminated toughened glass. There are two main types of

glazing systems, which broadly come under the same umbrella as curtain walling
though they are systems in their.own right. These are:

® Structural sealant glazing

® Structural glazing

Structural sealant glazing is a fairly recent development based on curtain wall.
The structural support system is similar to the mullion and transom system of
stick system curtain wall. However, the glazed panels are prefabricated units of a
single unit size. The panels incorporate an extruded aluminium substructure
with the glazed panel bonded to it with a sealant adhesive. The panels are then
mechanically fixed up to the carrier system. The joints between the panels are

sealed via either a site applied silicone seal, or on the more sophisticated
systems, an EPDM or similar gasket.
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The finished system has no capping pieces, a fully flush external face, and any
opening lights have the same appearance as the fixed lights - due to the
mechanical fixing which can incorporate opening light brackets. The manufacture
of the prefabricated elements has to be carefully controlled to ensure the sealant
adhesive bonds properly with the glazing and the aluminium substructure.

Structural glazing is a facade system more commonly known as Planar, due to
the original Planar fitting by Pilkington. Glazed panels, either single glazed,
iéuéhened, laminated or double glazed are supported on point fittings, tied back
to either the primary stn}i:cture, or to a secondary structure. There are several
| t%ybés of fittings:

e Standard bolt'

» Simple countersunk bolt

e Stud assembly |

e Patch plate fixing

e Enhanced countersunk fixing
e Articulated bolts

The primary variation between the bolt types is in the accommodation of

movement (as opposed to the patch plate fixing which has a slightly different

method of operation). The articulated bolt will allow rotational three directional
movement where as the standard bolt will allow little movement.

The bolt fittings are located along the edges and at the corners of the glazed
panels (the number depending upon the size and weight of the panel) and are
fixed back to the structure. The joints between the glazed panels are sealed with
a silicone sealant (or similar), which will accommodate variation (CWCT, 2000).

Figure 3.4 shows the general arrangements of a structural glazing assembly.
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Figure 3.4: Structural glazing- bolted assembly (CWCT, 2000)

3.4.4 Concrete cladding

Concrete cladding can be separated into two elements; -

e Precast concrete; where the concrete is coloured and has a surface
texture applied to it |

* '~ Reconstructed stone; where there are two methods of application; wet -

cast reconstructed stone and semi-dry reconstructed stone (Dawson,
1995).

However, there is often a problem defining the differences between the two
types. A view is that any piece of precast cladding, structural or otherwise which
is manufactured to resemble natural stone should be identified as reconstructed
stone (Taylor, 1992); therefore from this point onwards concrete cladding will be
referred to as precast concrete. Concrete cladding by its mere name suggests
that weight will be a factor in the design. Pre-cast can be used as both

loadbearing and non-loadbearing methods of cladding, but the most common is
the non-loadbearing.
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Pre-cast cladding came into its own in the 1950s and 1960s when there was
large amount of concrete construction being carried out, especially with the
erection of high-rise buildings. The three main advantages of using pre-cast

over in situ concrete are:

e Speed of erection
e Freedom from the need of shuttering on site

o« Better quality of finish and concrete strengths, due to the controlled
environment of factory assembly (Brookes, 1998).

There has been a decline in the market in recent years for the installation of pre-
cast cladding. This is due to an industry trend, where it is thought by some
architects that concrete is no longer aestheticaily pleasing, The majority of the

installation now features around city centres, especially where projects need to
resemble their surroundings.

The size of the pre-cast panels will vary, dependant on many aspects, typically in
design and the site itself (for any weight restrictions). The panel heights

generally are a storey height, with a weight restriction of about seven tonnes but
are often less. This is for lifting purposes and installation.

Lorries transport the panels to site either horizontally or vertically. Whenever
poséible, on arrival at site, the panels are lifted straight into their final position |
'by means of a crane. . The panels are secured to the structure by means of pre-
fixed anchors, and can be either top hung or supported from the base (in a
similar fashion to the panellised curtain walling). As with the curtain walling

- systems the final operation is to “silicone” mastic the panels in order to achieve
watertight joints ( Brookes, 1992).

3.4.5 Metal cladding

3.4.5.1 Profiled metal Cladding

The PSA- (1979) states that there are three types of profiled metal cladding,
these can be defined as:

e Sinusoidal

e Symmetrical trapezoidal
e Asymmetrical trapezoidal
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However figure 3.5 shows that the two trapezoidal types are virtually the same
but the geometry of the profiling varies. The panel is an insitu construction

incorporating an inner lining and spacer purlins with an outer sheet. The inner
lining and spacer purlin may be replaced with a combined element.

Sinusoidal

Symmertrical trapezoidal

Asymmetrical trapezoidal

Figure 3.5: Profiled metal profiles (Brookes, 1998)

The lining and purlin are fixed .back to either the primary structure or a
secondary structure, with the outer sheet fixed through to the purlin. Insulation
is commonly - located between the purlins. The profile of the panel will

accommodate a certain level of therma!l and differential movement in the outer
sheet, reducing the stress on the direct fixings.

The simplest form is a single un-insulated skin supported on cladding rails

spanning between the main structural columns. For most buildings it will be

necessary to incorporate insulation and this can be accommodated by using two
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skins of meta!l sheeting separated by a spacer bar and with insulation in the
resulting cavity (CWCT, 2000), as shown in Figure 3.6, as an alternative to

sheeting rails, liner trays can be used, which when clipped together act as

horizontal rails, normally at 500mm centres (Brookes, 1998).

hsulation

Liner sheet

Profiad
hgsl

,Sgccﬁ-ﬂarg
ﬁ:urg ‘
Primary fdng

Figure 3.6: Site assembled profiled metal cladding (CWCT, 2000)

3.4.5.2 Composite Cladding

The use of composite materials in the construction industry has become more

and more common. Cladding panels can be produced using laminating or

foaming manufacturing methods. This is an increasingly popular form of

cladding for industrial and commercial buildings (Stacey, 1997). Le maison du

Peuple at Clichy, by Prouve, completed in 1939 was an early example of the use
of metal composite cladding.

Composite panels are basically formed by two thin sheets of metal which are
held together by a lightweight core of insulation, to which they are bonded,
shown in figure 3.7 (Brookes, 1994). Compoéite metal panels are formed from
two sheets of metal (steel or aluminium usually) bonded to a rigid insulation

core. The panel thickness is in the range of 50-120mm, and the length
(dependant on manufacturing method) is up to 12000mm. The panels are fixed

back to either a support structure or the primary structure, depending on the
panel size, structural bay width and expected tolerance range.
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The joints between panels will vary from system to system, but some form of
integrated assembly is to be expected. Many of the systems available

Incorporate a mated interface assembly, requiring a specific erection sequence,
and it may prove difficult to replace single panels.

Compasite pane|

Figure 3.7: Composite panel with tongue and groove joint (CWCT, 2000)

3.4.6 Rainscreen cladding

Anderson and Gill (1988) stated that the development of the rainscreen cladding
concept started in the 1950s and 1960s in North America and Scandinavia
respectively. Rainscreen cladding has in recent years gained popularity in the

. UK, primarily because the open joints between the panels provide sharp straight
lines (Grech, 2000).

Rainscreen panels can be constructed from a variety of materials, both for the

external element and the carrier system. The typical features of rainscreen
cladding are;

e A outer.skin- the panel
e Anairgap
e An insulation layer
¢ A backing wall
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The principle of rainscreen may employ pressure equalisation to ensure the
envelope integrity. The outer layer acts primarily as a water barrier, with open
joints between the panels. The cavity located behind the outer layer, equalises
the pressure differential between the outside and inside of the panel face, thus
preventing excessive water penetration by capillary action. The cavity is backed
by an airtight barrier and incorporates a drainage system for any water ingress.

Some of the more sophisticated rainscreen panel systems incorporate the air
seal and drainage channel as part of the support structure, as an integrated
assembly (Grech, 2000). Figdre 3.8 shows a typical assembly of a rainscreen

system.

Figure 3.8: Typical 3-D view of rainscreen cladding (LSC, 2000)

3.4.7 Solar and Photovoltaic

Two recently completed projects; Duxford International Business Park,
Sunderland and the Alfa-Laval site, London has used such methods. The idea

behind these projects is for them to be used as benchmarks for the use of solar
cladding in the UK (Macneil, 1998).

Also extensive research has been carried out on photovoltaics at the
architecturally integrated facade at the University of Northumbria, Newcastle-
upon-Tyne. The research has been conducted in unison with the university and
Ove Arup (Shaw, 1997). However, the photovoltaic cells are merely incorporated
in the external face of the cladding, therefore it really isn’t a cladding type.
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3.4.8 Manuals for cladding installation

There are several manuals written on the installation of cladding systems, often

by the designers and fabricators themselves. The CWCT have published the
“Standard Guide to Good Practice for Curtain Walling", which is an extremely

useful manual for architects, designers, and installers for the installation of
curtain walling systems.

The manual covers numerous aspects from; extrusions, performance criteria,

testing, materials and components, finishes, quality, fabrication, handling and
storage, installation and finally maintenance (CWCT, 1993).

3.5 Construction Design

Design means recognising the constraints of the law, the agreed budget and the

requirements of the clients brief. Furthermore, it is also a creative process that

.involvés both analysis and synthesis (RIBA,-1998). The design requirements for |

a project can be classified as the known and anticipated physical needs for the

internal environment and the external surroundings of the proposed building,
down to the smallest conceivable detail {(Salisbury, 1997).

The design phase of a project can be classified as three stages (C, D and E of the
RIBA plan of works) outline proposal, scheme design and detail design (RIBA,
1998) (see section 3.12.1). With the design conﬁguration and features becoming
firmer at each stage. The extent of the design team will vary depending upon the |
procur;ment route taken by the client (see;section 3.11). For inrstance, with the i
traditiq':nal method, during the design process the architect is normally working

in isolation, far removed from the principal contractor, whereas with design and

build the architect or design team are very part of the construction process
(Masterman, 1992).

3.5.1 '‘Design management

The primary role of design management is to control the design activity and
ensure that the project is delivered on time and within budget (Cook, P. et al,

1989). The RIBA (1998) practice management guide states that design
management has four main stages of activity:

Understanding; the brief, the site conditions etc

General study; exploring the relationship of design elements
Development; refining planning and design

Communication; presenting solutions in appropriate form
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Morris (1991) identified the need to consider and develop the client's
requirements for a building adequately, involving the technical needs and
general strategic planning and for the design to be managed firmly.
Furthermore, the best and smoothest method of designing a project is to have
them properly set up at the front end of a project where there is a strong
constructive team spirit (Burton, 1992). In addition, Gray (1996) suggested
integration with the client will achieve a flat organisation and therefore minimise

communication failings.

3.5.2 Planning design

Planning thé design is almost as‘i'mportant as the design itself. Planning involves
the systematic determination of the speciﬁt form of the product. It can be
achieved by a variety of plannir:fg techniques used by the client brief takers at
the inception phase; Various 'techniques have been developed 'to aid the
formation of ideas and"provid'e good strong guidanée to the Hesign team
(Pendlebury, 2000). Furthermore, Austin et al (1995) claimed that poor

information and design planning are inextricably linked and argued that an

improvement in design planning would facilitate the management of information

flow.

Finally, Ireland (1985) stated that to obtain cost reductions and reduced
construction times there needs to be efficient planning  during design and

coordination across the design-construction interface.

3.5.3 Detailed design (shop drawings)

The detail design or more commonly called, shop drawings’ is the connecting link
between design and construction. Due to the increasing complexity of today’s
construction process, shop drawings in recent years have been the subject of
professional liability claims. Processing the drawings and ambiguous wording in

the approval process are the principle source of dispute.

Most specifications state that the contractor (normally the specialist contractor)
refrain from ordering materials until the shop drawings have been approved for
construction. Therefore any delays in processing the drawings affect all the
contractors’ scheduling (Fisk, 1988). However the author, through experience
(case studies, chapter 5) discovered that due to time constraints, the material

supply and scheduling will continue if the shop drawings have not had final
acceptance.
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3.5.4 Cladding installation and responsibility

When it comes to the installation of the cladding on site problems can often
occur. This is sometimes due to the nature of the design and not the installer's
inefficiency. Listed are Illingworth’s (1993) aspects that should be considered
before the installation commences:

e Has sufficient expansion or compression been considered when designing
heavy cladding?
e Can the cladding panels actually be installed (too big)? |
e Accuracy of the structure must be maintained - floor to floor dimensions must
be kept. within toleranées (curtain wall can only 'work within certain
tolerances).

o Tolerances and fixings - the fixings must be realistic for the structural form
and for the installation process. | |

e Waterproofing the joints -inspecti'on and installation.
e Touching materials must be compatible with each other.
e Has safe construction been considered?

Over recent years the facade has developed using new design and material
technologies. Furthermore, so have the architectural expressions of designers
(Kahn, 1992; Donaldson, 1987). The new technologies, in terms of design roles
and procedures, can lead to lack of proper definition of design responsibilities,
particularly those of the specialist contractors (Gray and Flanagan, 1989). This
creates organisational inefficiencies and ultimately product failure if not

adequately delegated. These are highlighted by the fast track nature of projects
associated with modern construction (Pietroforte, 1995).

Furthermore, Rivard et al (1995) identified the lack of communication and
coordination throughout the fagade design results in sub quality solutions to the
face design and ultimately inadequate performance of the facade. Cohen (1991)
has identified that there is a splintering of responsibilities with cladding design

with a separation of tasks occurring in design, analysis, construction, installation
and maintenance.

In addition he stated that architects still typically design cladding conceptually,
however the manufacturers fabricators and suppliers are responsible for the final
detailing of the product. However, they are generally not qualified to establish

and design for frame movement and the interaction between the cladding and

48




Chapter Three - Literature Review

structural frame. Bell and Schwartz (1989) further endorsed this. Therefore
there is a need for a structural engineer to be part of the process.

Due to the fragmentation of the cladding process, Brock (1991) suggested two
actions. First, sole responsibility and effort is needed for the structural design
and performance of the cladding. Secondly, specialist solutions are needed for
specific categories: durability and integrity of the cladding materials and the
tlesign of the non-structural cladding and its interface with the frame.

Therefore, Pietroforte (1995) stressed that there is a need for established

responsibility within the project. He also stated that “the design process is

becoming more and more fragmented,; design becomes the negotiation of
physical and organisational interfaces. Design integrity, so central to the
arch:tects trad:t:onal role, risks Ios:ng its meanmg if the need for manag:ng

des:gn interfaces is not recognzsed and satisfied within the overall management
plan of a building project”.

Cohen (1996) concurred that the cladding design process in place today does not
ensure that responsibility has been taken to oversee all aspects of the process
completely, including architectural and structural design, detailing, fabrication

and installation.

3.5.5 ADePT

With the growing importance for the effective design management that facilitates
a coordinated design, the Analytical Design Planning Technique (ADePT) was
developed. Adept was created by Newton (1995) as a flow model for the building
design process that is subsequently analysed in a design structure matrix to
produce a tool to assist in the management of complex multi-disciplinary
building design projects (figure 3.9).
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Figure 3.9: ADePT schematic approach

The ADePT technique, shown schematically in figure 3.9, offers an approach to
design management that undertakes work in an iterative manner. It enables the
works to be monitored on the development information allowing the design to be

fully integrated (Austin et al, 1999)., ADePT has three stages;

» Model of the detailed stage of the building design process.

Represents design activities and information requirements.

» Dependency structure matrix (DSM)
The data from stage 1 is linked by the means of the dependency
table to the dependency matrix. This then arranges the activities
with the objectives for optimizing the process sequence.

e Design programmes
This is a programme of design from the optimised process

sequence.
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However, the author considers that this process will only benefit large scale

projects and its successful implementation into smaller scale projects is doubtful.

3.6 Buildability/Constructability

Buildability is the ultimate method for using construction knowledge and
experience from the conceptual phase, detailed design, procurement and site
installation in achieving the overall project objectives (CII, 1986). It can be a
problem if it is not considered. Gray (1983) emphasised that the details within a
design would be difficult to assemble and construct if the design team failed to
consider the problems fag:ed by the site installation team. Furthermore, Fisher et
al (2000) stated that its quantifiable benefits from implementation have been
documented well on many construction projects.

Buildability must be achieved without the forfeit of the overall design concept
within the planned cost and time constraints. Although general rules have been
assumed by designers during the design process to enable good buildability

practice (CIRIA, 1983; Adams, 1989), there has been little research or figures
available to show its benefits or drawbacks (Poh, 1997).

Furthermore, the nature of the building will relate to the complexity of the
buildability, endorsed by Arditi et al (2002). Constructability of design is a
subjective scale that depends basically on a number of interdependent project-
related factors. Many design firms have a formal‘ (explicit) constructability

program that is launched as early as the conceptual planning stage of the
project.

Through literature on constructability, Nima et al (2001) formulated 23
constructability concepts for use in a construction project starting from

conceptual planning through to site installation. Within these 23 concepts are 3
subdivisions:

e (Conceptual planning C1-C7
e Design and proicurement C8- C15
e Field operations (site installation) C16- 23

C6 states that in order to accomplish the field operations (site installation) easily

and effectively, major construction methods should be discussed and analysed'

in-depth as early as possible to direct the design according to these methods.
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Constructability in construction is an area that is often overlooked or

misunderstood. Constructability is the ability of an element to be constructed

with relative ease. Often it causes problems because the designer of the element

—
—— e

is solely a designer and has no, or very little, construction assembly experience.
Therefore the aspect of interfaces between differing elements and
constructability is never addressed (Pavitt and Gibb, 2002).

In a research project into "the use of visualization to communicate design

information to construction sites,"” Ganah et a/ (2000) were trying to ascertain

where the potential problem areas of design were and to investigate
constructability problems that might arise during construction. They discovered ;
the following information from an industrial survey:

e Interfaces between components of M&E services installations was the
most common problem. It represents 67% for electrical installations,
| 64% for plumbing works, and 82% for mechanical installations.
 Cladding ranked high, here 75% of the total respondents experienced
constructability problems at the interface between cladding components.
e In general, the most common problem was interfaces between
components in all constructability areas. As many as 82% of the total

respondents had experienced this problem.

Therefore, it shows that unless buildability is correctly managed early in the
process and throughout the construction process it can have a detrimental effect
on the interfaces and how they function.

3.7 Specialist contractors

The CIB in 1997 published a code of practice for the selection of subcontractors.
This stressed the importance of subcontractors, and it was inevitable that
principal contractors reassess their relationship with subcontractors. Some have

done this by looking at cooperative approaches such as partnering (Mathews et
al, 1996, Bennett and Jays 1998).

With the increased technological complexities of a project and building
subsystems comes the need for greater care in the selection of the
subcontractor. Often subcontractors are forced to try to avoid investment in
specialised personnel. Integration of design, manufacture and installation for
subsystems such as heating and ventilation needs high expertise, particularly if
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the subcontractor has a nhumber of construction projects in progress at one time.

|
Subletting to secondary subcontractors generally is often the preferred solution %1
(Sozen, 1998). |

With the trend away from ‘traditional lump sum, fixed price contracting there is a
greater need for the specialist contractors to be involved in the process. This has ’1
brought - about further problems especially at the interface between the
mechanical and electrical services (M&E) design team and the M&E contractor. \
Klein (1998) gives the following reasons for these problems:

o "Insufficient and /or inadequate communication between the designers is
often caused by inappropriate contractual arrangements or poor co-

ordination of the various design inputs.

e Lack of management at interfaces and blurred divisions of responsibility.

« Little co-ordination of the design inputs, |

e Procurement of specialist contractors’ design - the basic defect in this
system is that the specialist contractor is a de facto member of the design

team but this is not properly (or not at all) reflected in contractual
relationships, documentation or common terminology."”

- 3.7.1 Mapping and quantifying the cladding subcontractor industry

The subcontract industry in construction comprises humerous companies ranging
in sizes from international companies with turnovers in excess of £100 million to
small companies operating in particular localities with £1 million turnovers or
frequently much less. Therefore the successful procuremé‘nt of a cladding
project is completely dependent on the identification of suitable tenderers who

have the necessary skills and resources, knowledge, capital and experience.

The cladding industry is frequently required to supply complex solutions to
satisfy current architectural trends in the construction industry, the majority of
the systems are semi-bespoke on every building. This is achieved via specialist
contractors, all of which have different roles within the industry (Ledbetter,
1997). Therefore there is a need to understand the types of companies and
specialist contractors that operate within the industry, especially as it is the

specialist cladding contractor who enters into the contract for the project with
either the client or the main contractor.
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3.7.2 Types of Specialist Contractors

Typically the specialist cladding contractor is involved in many aspects of the
delivery of a cladding system, this may include: system design, fabrication,
installation, and component supply. A specialist cladding contractor may
undertake all of the processes or be limited to just installation. There are four
main types of specialist contractor in the cladding industry (Ledbetter, 1997), as
shown in figure 3.10.
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a) Fully integrated specialist b) Integrated design/manufacture
cladding contractor with sub-contract installation
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- Install <) i !
¢) Separate design/ d) Integrated manufacture/install

manufacture/install by system fabricator

Figure 3.10: 4 types of specialist cladding contractor (Ledbetter, 1997)
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e Fully integrated specialist cladding contractor (FISCC)
This is a company that manages the whole process including the extrusion of the
aluminium and the finishing of the cladding sections. The only outside element
will be the supply chain of raw materials such as glass and gasket components.
The company will be responsible for all warranties and installation. There are few

contractors who are capable of working this way.

« Integrated design/manufacture with sub-contract installation

This is a company that manages the design of the system and fabrication of the
sections and like the FISCC is dependant on an outside materials supply chain.

The installation will be sublet to an independent subcontractor, who may be
responsible for the supply of fixings. Nevertheless the design/fabricator retains
the contractual responsibility for warranties, including installation. The

subcontractor will have a separate contract with the design/ fabrication
company.

e Separate design/manufacture/install

In this scenario designers design a system, extrude the raw aluminium to stock
lengths then finish them. The fabricator purchases the extruded lengths and
fabricates them to the require*d size for a particular project. Subcontractors then
install them on site. The supply of the aluminium and gasket components is the
same as the FISCC but the glass is supplied to the fabricator. Before tender, the
design team or the client may approach the systems designer for technical input

on their systems. This information will be very “broad brush” until the system is
specified.

» Integrated manufacture/install by system fabricator
This is virtually the same as the separate system except the fabricator will install
the system without subletting. The fabricator is still contractually bound for the
warranties and installation. This method gives the specialist contractor the

greatest control for programming the project design and installation other than
the fully integrated company (Pavitt and Gibb, 1999).

Once the system has been specified the major contractor has two options; either
to go out to tender to their known fabricators or to a list of fabricators provided
by the specified systems designer. The latter is the most common method. The
fabricator will be contractually bound for warranties and installation to the major

contractor. The fabricator and the systems designer will have a separate
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contract between them for the supply of the extruded aluminium and the actual
system design. Also the fabricator and installer will have a contract between
them for the installed work.

3.8 Workpackages

Dreger (1992) states a workpackage is the smallest project measurable unit
separate from others. It is a group of related operations of a relatively short
period of time, assigned to a single organisation. The workpackage provides a
very specific, definable output, often carried out by specialist subcontractors. It

includes descriptions of;

e What is to be done
e How it will be measured

e When it is to be started and finished
e (Cost

e Specific targets to reach, or deliverables to provide, at specific milestones
in a project

Itkis very common in management procurement systems to use workpackages.
Furthermore it is often common practice to break up the workpackages into
smaller specialised packages. Therefore all workpackages that are subcontracted
must be clearly identified (Harris and McCaffer, 2001).

However the division of work into specific workpackages sometimes has a
detrimental effect on the design and construct process. When the project design
ist underway consideration should be made for subcontracting and workpackage
contents. Tatum (1987) stated “the packaging and availability of design may not
allow desirable work packaging or construction sequences”. If the workpackages
are inadequately coordinated then delays may occur. O’Connor et al (1987)
agreed stating “poor woﬂrks packaging can result in an excessive amount of

interdependency amongst workpackages, thus increasing the likelihood of

delays”. p

Furthermore, from a contractor’s viewpoint; the increasing proportion of work on
site is now undertaken by specialists as workpackages, the problem of getting
the project constructed has lncreaéed in complexity because of the added
interface issue between all the workpackages (Gray and Flanagan, 1989).
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3.8.1 Cladding workpackages

Some forms of cladding are similar and may be the responsibility of a single
specialist contractor. However most are widely dissimilar, such as the installation
of windows into profiled sheeting, and require separate specialists to detail and
install the elements on each side of the interface. Also entrance doors are often

installed by a different contractor from the surrounding cladding.

Therefore there is a need to package the work and in doing so it is necessary to
identify who is responsible for the cladding interfaces at the contractual
boundaries. Some clients and main contractors have sought to appoint a
package manager responsible for co-coordinating the work of a number of

specialist contractors as shown (figure 3.11) using the construction management

route of procurement (Ledbetter?).

Client | Design team‘

Construction _ | Fackage |

Manager | Manager
S AR A
,.-f*”ﬁ N

Fabricator

Installer

Installer

Figure 3.11: Example of cladding workpackaging

To be able to understand how the specialist contractor affects the cladding
process there must be an understanding of their procurement role within the
industry. Figure 3.12 shows how the specialist contractor may be involved in the
sequence of a particular cladding system; in this case it is the production of a

curtain wall system.

4 Unpublished PowerPoint presentation- Stephen Ledbetter, CWCT, Bath.
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Figure 3.12: A typical procurement process for a small-scale curtain wall
cladding system (Adapted from Layzell, 1997).

3.9 Off site fabrication and pre-assembly

Prefabrication is the manufacture of component parts of a building and its
‘services prior to site assembly. Of course this is not a new concept. Ductwork
manufacturers have been prefabricating their products for years and pre-
packaged plantrooms are a common fixture on roofs in UK buildings (Smith,
1999).

Off site fabrication and pre-assembly are part of the broad . spectrum of
i'nnovative contemporary techniques available to clients, developers and
construction companies seeking greater cost-effectiveness in construction (Gibb,
1999). In addition Thomas and Sanvido (2000) state that “component material
management Is recognised as an important component of effective project
management.”

The benefit of off-site fabrication is taking the construction site off the site. Gibb

(1999) further stated that “even the best-organised construction sites are
fraught with problems and challenges both for managers of the construction
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process and the workers who do the actual work”, Tatum (1986) emphasised

that off-site fabrication increases quality, time and safety.

Both the Egan and Latham reports (sections 3.12.2) proposed a series of actions
for improved productivity on construction sites; these include the use of off-site
fabrication. Furthermore, Neale et al (1993) stated that “the beneﬁts of effective

use of off-site fabrication are;

e A better working environment in the factory
e Better works methods
e Access to work made easier

e Repetitive work planned with more certainty

e Semi-skilled operatives can be trained for a limited number of skilled
tasks

e Reduced operative movement between tasks and at breaks
e Familiarity with materials and components
o More efficient sequencing of work by operatives

« Working methods can be analysed in detail to improve techniques
o Less damage by other trades

« More efficient use of site cranage

e Easier to introduce specialist tools and techniques

However many differing terms have been used to describe pre-assembly and this
was identified by CIRIA, (2000). Therefore definitions were ~developed to

distinguish the categories of pre-assembly. Gibb (2001) produced the following
definitions from close evaluation of contemporary applications;

e Component manufacture and sub-assembly

Sub assemblies e.g. door furniture and light fittings
e Non—volumetric pre-assembly

Assembled in a factory, which may include several sub-assemblies

e.g. wall panels and structural sections
e Volumetric pre-assembly

Also factory assembled, but may include usable space e.g. toilet

pods or plant room units
o Modular building

Similar to volumetric, but in this case the units form the building.
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Thomas and Sanvido (2000) have identified, using three case studies, that
unless correctly managed the subcontractor fabricator interface can have a
significant negative effect on labour productivity of the subcontractor. Late

vendor deliveries, fabrication or construction errors, and out of sequence
deliveries plagued each of the three projects. This identifies that off site

fabrication and pre-assembly has to be properly managed or the benefits can be
reduced.

3.10 Managing procurement systems within construction

To be able to manage the interfaces within the procurement of the cladding
process then there must be an understanding of the systems for management of
the design and construction of building projects open to the client and the
~ eventual contractor. These can be categorised into four distinct areas; separated

and co-operative, partnering, management and integrated, (Masterman, 1992).
Figure 3.13 shows the procurement option "tree” currently available.

This section introduces the four main procurement systems:
e Separate and cooperative

e Integrated
. Managemﬁent

e Partnering

It has been suggested that there are four essential differences between the
procurement methods, which are based on;

e The arrangements for assessing the cost of the building and idehtifying
the principal contractor to be used

« The roles and the relationships of the specialist contractor used and their
role within the design process

e The process structure adopted, involving the overlap of design and

construction, the use of multiple prime contracts and the implementation
of these.

o Details of and conditions of contract provisions for extensions of time for
inclement weather, etc (Ireland, 1985).

Therefore the client or project coordinator has to consider these differences
before deciding on the procurement option for the project.
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3.10.1 Separated and Co-operative

This method of procurement is often referred to in the industry as the traditional
method of procurement. Masterman (1992) maintains this definition dates back
to the late 1700's when clients traditionally employed craftsmen, on an individual
basis, under the supervision of a master mason, or surveyor and rarely an

architect.

The traditional method can be interpreted as having two definite sections; design
and construction.

Apart from the separated design and construction this method of procurement
has four basic characteristics;

1 The project is procured in a sequential order

2 The desigh of the project is completed or virtually completed before
construction on site is commenced.

3 The management of the project is divided between the client’s consultants and
the main contractor and there is little scope for involvement between the two
party’s activities.

4 Normally the client pays the consultants on a fee and expenses basis, whereas
the contractor is paid for work completed on a measure or predominately lump

sum premise.

The majority of clients have used the traditional method for the last 150 years
(Masterman, 1992).

3.10.2 Integrated

This method of procurement incorporates the process of design and construction
undertaken by one contractor. Therefore the responsibility of the activity is
undertaken by one organisation, the building contractor. Similar to the separated
and co-operative method in which traditional is referred to as the method of
procurement, the integrated technique is misconstrued in definition, and the
majority of the industry considers the integrated system as design and build.

The definition of integrated procurement contains three fundamental elements
these are; the responsibility for the design and construction lies with one
organisation, reimbursement is generally by means of a fixed, lump sum price
and the project is designed and built specifically to the client’'s needs and
specifications (Masterman, 1992).
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Within the integrated procurement system the process can be broken down into
sections. The NEDO document Thinking about buildings (1985) identified three
categories;

Direct; where a contractor/designer is appointed after some judgement but
without other competition from other parties.

Competitive; where the conceptual designs prepared by consultants to the
client allow several contractors to offer designs and prices for the completed
| project.

Develop and construct; where the client’s design team completes the concept
design before asking contractors to develop the design in competitive tender,
either with their own designers or employing the client’s design team to
complete the full design (Potts, 1995).

3.10.3 PFI; Private finance initiative

Private financing arrangements are fairly common in the construction industry,
for example work for foreign governments where financiers such as world banks
in conjunction with developers commonly undertake DBFO or BOOT projects.

The major difference in the UK PFI lies in the sharing of risk (Harris and
McCaffer, 2001).

The UK government launched the PFI scheme in 1992; its purpose was to
change the way public sector capital projects are procured. Under this scheme
the private sector (construction company) takes on the risk of finance, design,
construction and facilities management of a project, in return the construction
company receives payment linked to the deliverability and the effectiveness of

the project. Figure 3.14 shows the t{rpi’cal asset procurement for PFI (Tiffin,
1998).
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Capital asset procurement (design and build contract)
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Figure 3.14: Typical asset procurement for PFI (Tiffin, 1998)

3.10.4 Management

Throughout the 1970's and 1980's there was a substantial increase in
management oriented procurement methods in the UK, mainly as a result of
clients requiring earlier completion and shorter construction times on their
projects (Masterman, 1992). Carter (1973) stated that the introduction of

management based procurement systems was due to three factors;

1 The diversity, complexity and standardisation of building techniques

2 The growing prominence of the subcontractor within construction

3 The growth in the size of projects, demands for shorter construction times and
cost targets and for more and greater unified management within the
construction process.

Under management procurement the contractor provides the client with a
consultant service based upon a fee for co-ordinating the construction, managing
and overseeing the project (Potts, 1995). The contractor places special emphasis
on the integration of the management of both the design and construction.

There are three forms of management procurement; these are management

contracting, construction management and design and mange (which possibly is
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a hybrid of design and build), the first two being the prominent methods. The
main difference in the three is the contractual relationship that is undertaken

between the client, management contractor and the construction work package
contractors.

3.10.5 Partnering

Partnering is a relatively new method of procurement but is being widely used by
best practice clients in the public sector in a number of countries around the
world mainly in Canada, the USA and Australia (ECI, 1997). With this approach
many major clients such as Shell Qil, Proctor and Gamble and the U.S.
government are adopting such arrangements. The arrangement aims at the
advancement of trust and co-operation between parties rather than an
adversarial relationship (Potts, 1995).

The Reading Construction Forum, (1995) defined partnering as "a managerial
approach used by two or more organisations to achieve specific business
objectives by maximising the effectiveness of each participant’s resources. The
approach is based on mutual objectives, an agreed method of problem resolution
and an active search for continuous measurable improvement.”

Partnering has come to the fore in the UK construction industry in recent years.
The whole project team forms an alliance with the client with one common goal
of procuring a project as efficiently and cost effective as possible. Partnering
within the manufacturing sector has been defined as "a commitment by
customers / suppliers regardless of size, to a long term relationship based on
clear mutually agreed objectives to strive for world class capability and

competitiveness (Partnershlp Sourcing, 1993). Evans et al (1997) identified and
adapted research in the USA as follows:

e Information sharing and monitoring to support long-termism
e Co-ordination at multiple levels in the channel to achieve benefits/ synergies
e Joint planning to support long term co-ordination

e Compatible corporate philosophies important for long term co-ordination
e A product champion to lead the change S

 Fair and realistic sharing of risks and rewards

e Speed of resource and information flow

]
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They stated that these, in essence, are difficult interface management issues and

would be more successful if a long term partnering agreement was implemented.

3.10.5.1 Forms of Partnering

There are a few different methods for co-operative working, however partnering
can be classified as the following;

e Strategic Alliances or Term Partnering
These arrangements are a period of time rather than a single one off project.
e Protect Alliances or Project-specific Partnering

These arrangements are for the period of a sole project and the contract may
be awarded competitively.

Both methods of partnering are extensively practised in the private sector. A
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