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Abstract

The destruction of urban Europe and Japan during the Second World War, combined with
the post war baby boom, created a need for housing for multi-millions of people. The
existence of a single large client (the state) and a need for rapid construction combined to
provide fertile soil for a boom in the development of industrialized construction
techniques. European and Japanese construction firms pioneered many new processes,
and today they are still making significant progress in prefabrication and industrialized
construction technology. New construction methods and materials, computers and robots
are being developed to constantly improve productivity. This thesis aims to bring the
reader up to the present situation of the construction industry, by covering past
innovations in some detail, as well as referring to what the future of innovation could
potentially hold. Barriers to innovation are discussed, followed by three levels of
innovative interventions. Organizational interventions, which involve manipulating
existing resources to their full potential using human resources, are the first readily
available level for immediate utilization. Managerial processes and techniques also play
an important role in construction efficiency, innovative management strategies are
examined as the second level of intervention. Finally, a thorough description of
innovative technologies is carried out, focusing mainly on industrialization, automation
and robotics.
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Chapter 1 - Introduction to Innovation

Innovation is a key element to improving the performance and competitive nature
of any industry sector. It is the key to the City of Tomorrow, introducing new methods
and ideas to industry. In the building and construction industry, the design, development,
commercialization and effective diffusion of new building products, systems and services

are key dynamics, which will shape the industry’s long term future.

Though innovation in design and construction is fundamental to achieving our
vision for the future character of any city, it is notoriously difficult to achieve for reasons
that will be discussed in Chapter 2. This will have to, and can, change; the construction
sector knows where the maximum value can be recovered from investment, the
community knows where the need is greatest, and so together, quality of life and
competitiveness for the industry can be improved. Ways have to be established with

which investments in new programs are encouraged.

In construction it is a simple task to point to successes. New materials, fast-track
construction and novel design concepts have led to new, exciting structures and a steady
improvement in the quality of life for all citizens. The advent of high-speed rail
(Magnetic Levitation “Maglev”), for example, has led to new standards of design and
comfort, offering competitive trip-time savings to auto and aviation modes — and ideal
travel option for the 21% century. On a more mundane level, in the UK, the incorporation
of central heating in most homes, has been one of the single most significant

improvements to the quality of life for ordinary people over the past few decades.

However, it seems that despite numerous initiatives, when considering any city as
a whole, design and construction has had little impact. The reason for this is that whilst it
is true that advances have been made in the construction sector, the expectations and
demands of the citizens as a whole, have advanced much faster. Contrasting this with
advances in the electronics and IT sector, one can immediately see, that as the risk is such
lower, homes and offices are saturated with equipment, whose capabilities are far in

excess of immediate needs.
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Japanese engineering companies have made specific attempts to develop new
concepts for urban living, making proposals for building upwards, downwards, or out to
sea. In contracting firms such as Kajima, the research and development group provides a
central information function for all projects, receiving project experience and propagating

new ideas.

Few European and American companies can claim to maintain the continuous
commitment to R&D which is the hallmark of many Japanese corporations. A
fundamental difficulty for the construction sector in Europe and the U.S. in innovating is
the project-based nature of its work. Innovation involves risk. Short-term, project-based
assessments of the return on investment for innovation often suppresses the process
before any work has been carried out. Trends towards longer term ‘partnering’
relationships between Clients, Contractors and Consultants will help to overcome this
attitude, but it is a cultural change, a paradigm shift, which is required to move the

concept of innovation to the top of the project agenda, or even onto the agenda at all.

Innovation therefore, is a process by which engineering and design move forward.
In the construction process, innovation occurs when new methods are needed to enable
something to be constructed quicker, cheaper or in different conditions. This usually
takes place in small steps, however when a completely different method of construction
appears, it is possible that innovation happens in one single great leap. Consequently, it
is a process, method or technique that has not been used before for a particular
construction application. Developments in one project are usually refined and used in the

next, or are abandoned as being of no special value.

In this context, it is often said that “Necessity is the mother of intervention”. It is
true that engineers of all generations have an almost infinite capacity for inventing things,
however, due to reasons such as capital intensiveness, fragmentation and degree of legal
responsibilities (Rosenfeld, 1994), the government is, in most cases, the only sure vehicle
for these engineers to transfer their ideas into a reality. Unfortunately the government is
only willing to invest when there is no other option; after an earthquake has devastated

infrastructure, a fast way has to be implemented to reconstruct roads and bridges; if many

12
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people have been left homeless after a flood, once again, government has to invest in
developing a fast way to construct new houses. It can therefore be seen that innovation

has to come from people, rather than from organizations.
1.1 Innovative Developments in the History of the Construction Process

Great progress has been made in innovative techniques since man first started
constructing (Davey-Wilson, 1997). As indicated in Table 1, significant milestones in
site construction techniques are most densely concentrated in the 20" century. There are

eight categories of innovative developments

INNOVATIVE METHOD | DATE INNOVATIVE METHOD DATE
Prefabrication
Use of mass labor BC Centralized.(?oncrete Making
Survevi Bulk Electnaty Supply
ymng
Water Power 0 Groutmg‘Developments
Prestressing Concrete
Ground Freezing 1960
Cranes
Cofferdams System Building
Contracts 1000 | Slipforming Concrete Structures
Craft Guilds 1500 | Reinforced Earth
Horse Grin Pressure Balance Tunneling
Treadmill Machines 1970
Capstan 1650
Heavy Handling 1700
Diving Bell Personal Computer Systems
Clay Puddle 1750 | Soil Nailing
Tunneling Shield Designer/Builder Contracts
Compressed Air Laser Surveying Equipment
Steam Power 1850 | Total Station Surveying 1980
Hydraulic Power
Steam Excavators 1900 [ Global Positioning Systems
Tracked Vehicles Novel Financing Methods 1990
Internal Combustion Engine Computer Monitoring of Machine
Concrete Mixers 1920 | Performance
) Observational Methods of
Air-placed Concrete 1940 Excavation Support
Steel Formwork o Partnering Management On Site
Component Standardization

Source: Davey-Wilson, 1997

Table 1 — Milestones in Construction Processes
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1.1.1 Mass Labor

Ever since the beginning of man, basic needs of shelter, food and reproduction
were satisfied by each individual family. The only skills needed for this were to hunt or
gather food, and build shelter. Soon after, communities of families began developing,
favor exchange became common — one member of the community did something in
return for a favor from another member of the community. This allowed the specialist to
develop — families that were good at building shelters, would exchange their skills for
food from the hunting families. In building, sub-divisions in the labor organizations
allowed builders to become specialized in one specific aspect, to which they would
become craftsmen. These craftsmen concentrated on one particular part of the

construction process, developing into a mason, carpenter or lead worker.

1.1.2  Tool Development

The first tools man could find, his hands, were used to manipulate the materials
around him, which were used as construction materials. Simple hand tools were
developed, following the development of man, first from flint and then from iron to
bronze. Primitive infrastructure was thus created, limited always to what a team of men
could physically accomplish. Great projects were created just using manpower, however
this unfortunately, more often than not, lead to a larger number of casualties — 120,000 in
an early attempt to construct the Suez Canal. Obviously the need was evident to develop

machines which would aid in the construction process.
1.1.3 Machine Development

Greeks were the first to develop early surveying equipment, during the
development of the Greek Civilization. It has been noted that a cutting 900m long driven

from both ends, in an island in Greece (Samos), proved that surveying technique accurate

to about 6m when the cutting met in the middle.

14
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Simple cranes date back to the time of the Roman Empire, and all machines in general
were developed through the adoption of levers, pivots, rollers, pulleys and eventually the

wheel.

1.1.4 The Advent of Power

The perception of what was possible was changed with the coming of power.
Compressed air or water could be pumped by early steam engines, which was a huge
advance. Similarly, earth moving machines which developed with the introduction of

internal combustion engines, greatly increased productivity.

1.1.5 Advances in Construction Techniques

The efficiency of construction has been increased due to the introduction of
numerous construction techniques. In the construction area alone, one such method
recently developed is the “top-down” technique. This technique speeds construction and
reduces traffic impacts due to the fact that space is not needed around the excavation for
all the material and equipment — it is all stored in the middle of the excavation as each
floor is constructed at a time. In the geotechnical area, the introduction of cofferdams,
tunneling shields, rock bolts, sprayed concrete, tunnel boring machines, compressed air,
site investigations, and geotechnical laboratory equipment, all greatly increase the

efficiency of construction.

1.1.6 Contract Administration

The promotion and financing method of a project can play a very important role
on the way in which a job is tackled. The methodology of construction has recently
changed; the contractor has been developed as promoter, designer and builder. Much
closer coordination of the designer and builder has become common in recent times,
resulting in the process being more efficient as the builder is involved from the beginning
(changes can be made ahead of time). Therefore, where fast building is required, as was

the case in the 1980s construction boom in the United Kingdom, promoters team-up with
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designers and builders to form joint development companies. This way, buildings were

commissioned in record time using fast track techniques.

1.1.7 Advances in Materials

Though early builders used naturally occurring materials, construction was
inevitably affected by the development of other materials such as GRP, polystyrene, and
FRP composites. Undoubtedly, this leads to economic benefits from savings in man and

machine requirements.

1.1.8 Designed-In Construction Method

As the name implies, this method involves the incorporation of the temporary
works into the construction, thus reducing the cost of the project and introducing savings

into the buildability.

1.2 Future Innovation

Innovation requires the motivation of people. In the integration of design and
construction, experience shows that teams are often brought together from companies that
are not used to working together, or even who previously thought of each other as
competitors. The management and motivation of the team - and particularly the attitude
of senior management - is fundamental to the innovation process. The construction sector
has much to learn from other industries, particularly manufacturing, about improving
attitudes and reducing costs through innovation. There are many initiatives in this
direction; benchmarking ‘clubs’ are increasingly common, and these are one route to

fostering trust and cooperation. Others are needed.

Aside from the process of innovation, there are specific technical fields, which
must be addressed if Europe is to maintain its competitiveness in construction
technologies. Amongst these, and directly related to the City of Tomorrow, is the issue of

underground space. Our cultural heritage is precious to us, and we have a social
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responsibility to improve the quality of life for all sectors of the community. However,
the development and optimal use of underground space remains one of the greatest
challenges to the construction sector. Proper consideration of the environmental benefits
of underground construction can make it more attractive than surface development (and
there are examples where this is starting to take place), but with current techniques the
creation of underground space remains expensive. New approaches are urgently needed
to reduce the costs of building underground, not necessarily for human occupation, but
for storage, goods transportation, and utilities. Underground space should form a clear
target for the City of Tomorrow. The benefits of a breakthrough in research in this field

would be dramatic across all European cities.

1.3 Thesis Layout

The first Chapter attempts to bring the reader through all relevant developments
of the past in the construction industry. A thorough historical understanding is required

to fully comprehend, and thus be able to anticipate, the pace at which innovations occur.

Chapter 2 introduces the main aim of this thesis, which is to establish methods for
improving productivity. As there are three levels of intervention, this chapter discusses
the first two, which are the implementation of Quality Circles, and Innovative Managerial

Approaches.

The third Chapter examines the innovative technologies available to the
construction industry, including processes such as industrialization, automation and a

brief introduction to a Japanese construction technique — such as the T-Up construction.

Chapter 4 is a modest summary of the very broad topic of robotics. It includes a
description of the roots of robotics, and gives an idea as to robot implementation on a
worldwide scale. The application, advantages and obstacles to the introduction of
robotics into the construction industry is then explored. Finally, various strategies that

could potentially eliminate the reluctance people feel in this field are discussed.

17



MIT Innovations in Construction

The concluding chapter, is undoubtedly the most interesting - imagination is let
loose. A meteoric summary of the development of the construction industry, as well as
description of the current situation, is presented. A recent innovation (TreviPark), its

implementation and benefits are then introduced.

In concluding, the author undertakes to set the scene for future trends in

innovation in the construction industry worldwide, covering issues of general concern.

The author wishes to clarify that the humble task taken upon herself involved the
integration and compilation of a number of remarkable articles and books listed in the
references. However, additional references are noted, providing for the fact that they
were incorporated into the already referenced articles and books, in an attempt to convey

the much-deserved credit to all authors involved.
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Chapter 2 - Methods of Increasing Productivity

Regarded as a conservative field, the construction industry is very slow in
developing and implementing new technologies and methods. As mentioned in the
introduction, there are three main barriers to innovation. Due to the existence of such
issues, people are reluctant to innovate when it comes to the construction industry.
According to Rosenfeld (1994), relying on Hoffmann (1987), the primary obstacle is the
capital intensiveness of the industry. Construction is the sole largest investment made by
individuals, corporations and public authorities. As a result, people cling tighter to their
pockets, and need to be as sure as reasonably possible that the construction will be risk
free. Investing in structures built using new technologies would definitely result in a
somewhat uncomfortable feeling. After all, the new innovative method may not live up
to expectations; therefore when making investment decisions, stakeholders are very quick
to lean towards the well tested designs making use of well tested materials and methods.
Potential savings are foregone for the cosy feeling of security, confidence and experience

people have with well performing existing products (Burbridge, 1989).

Secondly, the growing number of litigations in the USA and other western
societies represent yet another barrier to innovation. This stems from the fact that
whenever a new method results in failure of any sort in the construction industry, the
designer, engineer or construction manager responsible is faced with the fear of getting
sued. The legal responsibilities are immense. However, when was the last time someone
was afraid of getting sued for applying approved practices in their construction projects?
Never — use of common practice avoids possible criticism and liability claims (Rosenfeld,

1994).

Conforming to Rosenfelds’ classification, with reference to Hasegawa (1986), the
third feature of the construction industry which represents yet another barrier is its great
fragmentation. The imbalance between risk and profit is a factor greatly discouraging
inventiveness. When a building appears to serve its expectations, the general public often
mistakenly only compliments the architect, however they are in no way hesitant to

criticize the engineer if something goes wrong. In a similar manner, the primary
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beneficiary from a successful innovation is the owner, whereas the primary loser in case
of a failure is the engineer. Due to this imbalance, an engineer is disinclined to use new

methods — why risk so much to gain so little?

In addition to all the above barriers to innovation, the construction industry is
unable to move forward due to declining productivity (Hasegawa, 1987). As Steven G.

Allen writes:

“According to unpublished data compiled by the Bureau of Labor Statistics
(BLS), productivity in the construction industry reached a peak in 1968 an except
for a brief and small upturn between 1974 and 1976, has been falling ever since.
Real output (value added) per hour fell at an annual rate of 2.4% between 1968
and 1978. In contrast, between 1950 and 1968 real output per hour rose at an
annual rate of 2.2%. This amounts to a decline in the annual average rate of 4.6

percentage points.”

The four main factors affecting productivity are ability, motivation, external
factors and job perception. The relationship is a multiplicative one and the general
definition of productivity is simply output divided by input (Rosenfeld, 2001).
Concentrating on the United States, it is noticeable that the productivity of the
construction industry has declined in two stages (Hasegawa, 1987). The first stage was a
result of a decrease in capital investment in the mid-1960s and the second stage was due
to the decreasing real wages in construction — which used to be among the highest in the

national economy.

As the aim of any innovation is to increase productivity and quality of work life,
the following chapters will look at various ways this can be done. This will be set out in
three different categories, the first of which will focus on increasing the efficiency of
labor. The second category, which involves the improvement of capital equipment,
consists of innovative technologies. Finally, innovative managerial approaches,

describing the various levels of commitment to quality will be examined.
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2.1 Increasing Efficiency of Labor using Quality Circles

2.1.1 The Concept

Quality Circles form an essential part in the Total Quality Control wheel. They
are an organizational tool, originating in Japan, that provide a team approach to problem
solving and improving productivity (King, 1989). This team, consisting of people from a
different level in their respective area of assignment, meets for 1 hour a week to provide a
solution to a common problem. Participation is voluntary, but once part of a quality
circle, attendance is essential to the process. This scheme is therefore based on the
workers personal involvement in the plant prosperity and reputation, and on their

motivation to actively advance the aforementioned through quality improvement.

Quality Circles are the least intrusive of all interventions, as it makes use of
already existing human resources. People are the greatest of assets of an organization,
because through them all other resources are converted into utilities. Quality Circles
therefore have emerged as a mechanism to develop and utilize the tremendous potential

of people for improvement in product quality and productivity.

2.1.2 Genesis

After the Second World War, the Japanese economy was in the doldrums. Seeing
this disastrous effect, two American consultants devised the quality control circle concept
a