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Ahstract

In the decades to come, building production will concentrate in the etropolitan centres of the world due to the migration of

the world’s population to the major cites.

An improvement of the construction process in densely populated inner cities will be the task of the future. This focuses on
performance management, construction engineering and construction management. New developments being discussed in this
field are new design swategies, human machine technologies, employee safety, progress monitoring, distributed preduction

information and Personal Digital Assistants {PDAs).
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1. Introduction
1.1. The building industry tomorrow

Changes in building production are essential if the
world of construction is to improve. The changes are
also necessary because the next few decades will see
an enormous migration into the cities. The forecast is
that m 2015, 55% of the world’s population wall live
in the urban areas (see Fig. 1). These metropolises
(densely populated inner cittes with their agglomer-
ation} impose their own Tequirements on construction
management and production systems.
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The following developments occur in the Western
European construction industry. In Germany, building
production has fallen by 35% in 5 vyears; in the
Netherlands, by 15% in 3 years. In other countries on
the European continent, the construction industry is
hesitant. In Britain, the innovation process ‘Rethinking
Construction” was the prelude to a change in the
system. The development of the ‘chip’ and the ‘chip
industry’ has completely changed society as a whole.
The developments in construction in recent decades
can also be attributed to these changes.

1.2, Changes in construction

The developments of the construction process are
the result of a set of changing circumstances and
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1995 | 2015
Global and total 45% 55%
Developing countries 39% 50%
Industrial countries 75% 80%

Fig. 1. Quota of urban population.

Urbanisation

conditions. These changes encourage developments of
technologies to ensure the creation of a process that
leads to improved performance for the client. These
developments are based on an analysis of the Status
Report issued in 2001 by the CIB Task Group TG27
‘Human-Machine technologies for Construction Sites’
[1] and of the Proceedings of the TSARC2003
Symposium: The Future Site [2].

In this analysis, automation in construction is
addressed from the perspective of the performance
of building projects serving the client and the
environment.

— How can a connection between performance
requirements and building production be estab-
lished and improved through the use of automa-
tion in production?

-~ How can automation in construction engineering
change the role of being a responsible partner in a
changing world?

— How can construction management systems con-
fribute to the improvemeni of production by
automation?

When all building production is ultimately
designed to lead to improved performance and a
satisfied client, it is always difficult to keep sight of
the overal! picture and this final goal. Components
develop and result in the required performance
improvements. The overview in Fig. 2 shows the
relationship between the various aspects of automa-
tion in construction. Construction management,
construction engineering and performance manage-
ment help the managers meet the needs of the
client.

1.3. Examples of developments by automation
This paperlocks at all three of the following aspects:
1. Performance management with a centribution

about the development of new design ideas to
meet client requirements in a different way.

Construction Management
++ Risk Management

= Decision Support Systems

== Failure Costs

»« Value Management

++ Danger

+» Uncertainty
«= Bench marking

-~ Safety and Health

¥
! Applying

‘ Human Machine Techneologies

/

Construction engineering
Production Systems

++* Industrial Production

»+ Sustainable Production

»« Constructability

+» Mass Individuahsation

+*+ Intelligent Building

== Renaovation

Performance Management
Connecfion

+« Co-operation

++ Strategic Partnering

++ Collaborative Engineering

=+ Collaborative Planning

== Supply Chain

++ Design Build

/

Leads to

Perfarmances

client =

«» Satisfaction

++ Total Cost of Ownership
«+ Information Technologies
=» Communication

Environment
++ Waste Reuse
++ Deconstruction

Fig. 2. Relationship between management, engineering and performance.
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Construction engineering with a contribution
about the improvement of Human Machine
Technologies, and about worker safety on the
building site.

Construction management with contributions
abouf monitoring project progress, about collec-
tion of the design and management information,
and about support of the work floor manager with
PDAs.

We will elaborate on these examples in Section 2.

2. Developments in automation in construction

2.1, Automation in performance management. the
development of a new design strategy

1.

The challenge when building in metropolitan
inner cities is the development of production
systems that go furtber than the Automation or
robotizing of traditional activities on the building
site which are normally carried out on site by the
builders. A special form of Automation and
Robotics is prefabrication. Prefabrication moves
work away from the building site to a factory. For
the builders, this is an encrmous improvement
because working conditions are checked and
managed far more effectively. Production is
moved to a certain extent but does not really
change. However, production only really changes
when new processes are developed. Functions are
no longer assigned to the traditional building
clements and are no longer carried out with those
materials that people are used to.

Richard’s contribution [3] draws an ana]ogy
with the development of the printed circuit
board. Under the term ‘reproduction’, he
describes an approach that leads to the redesign
or reengineering of the construction process.
“Reproduction implies innovative processes
capable of short-cutting the long sequential
operations of crafismanship nature—i.e. capable
of categorically simplifying the production, as
notably illustrated by the analogy of Printing/the
Printed-Circuit/the Printed Plumbing Core.
Using performance criteria, in order to avoid a
captive image from the past, one can identify

2.2.

promising options through the “Techmology
Matrix” {where processes interact with materials)
and thereafter generate building system aiming
at Reproduction”, “Reproduction=priority to
ideas rather than machinery”. “Reproduction
18 the introduction of an innovative technology
capable of simplifying the production of
complex goods, of short-cutting long sequential
operations. Therefore, achieving more substan-
tial economies than mechanizing, automaticn or
robotizing around the traditional construction
methods”. “Instead of investing siraight into
machinery, Reproduction is basically calling
upon Research and Development for “ideas™ to
generate a simplified process. Of course, Repro-
duction is not necessarily available as a down-
right option: it is ofien present together with
some of the other degrees of industrialization™.

Richard’s contribution gives a whole new
dimension to Fig. 2. Richard invites us to come
up with new ideas. Not for improved production
systems with or without the use of autemation
or robotization, but new ideas focusing on the
performances that ultimately have to be
achieved! All these new ideas will have to be
generated by a combination of new designs, new
forms and new materials that meet the require-
ments for building in a metropolis. This will
create new preduction systems for the Future
Site. Consfruction engineering for metropolises
{Fig. 2) can undergo an enormous impulse.
Automation creates the preconditions for follow-
ing new avenues, which will bring vus closer to
the performance requirements of both client and
metropolis. The opposite also applics: without
automation, these new ideas cannot be devel-
oped info new processes.

Automation in construction engincering

2.2.1. The importance of human machine technologies

1.

The safety regulations for building site work
impose more and more restrictions on the loads
workers are allowed to carry, prepare and apply
using only the resources of their own boedy; but
building contracts will expect an increasing
amount of effort. Take high-rise construction in
metropolises and the attachrnent of wall cladding
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to these buildings, for example. Fitting heavy
windowpanes or attaching wall panels with great
precision is a challenge for the robotics industry
to come up with new tools for this purpose.

The article by Choi et al. [7] presents a
consfruction robot that is a hybrid type robot
using pneumatic actuaior and servomotor. “The
hybrid type robot can be used in glass
mounting on papel fixing. The hybrid type
robot mechanism has a wide range of work-
space and precision, and consists of a serial and
parallel part. The pneumatic actuator has been
widely used in industry site because of its low
cost, compact high raie of power/weight and
reliability. The restricting factors preventing the
use of pneumatic actuators for accurate control
arise from highly non-linear dynanuc properties
such as air compressibility and friction effects,
which combine to severely decrease time
responsibility and positioning accoracy. The
sliding mode controller is adequate to such as
cvlinder that is strong non-linear property. The
developed construction robot with pneumatic
actuator using the sliding mede controller used
in the work of attaching the ceramic tile™.
With this article, Choi et al. make a significant
contribution to the development of human
machine technologies (see Fig. 2) to help m
heavy physical work in high-rise construction. In
spite of all the modern production systems,
much of the work will continue to be carried
out on site. With regard to health, work speed
and quality, mechanization of the work on site
will remain an important goal for the successful
development of major building assignments in
our metropolises.

2.2.2. Worker safety on the building site

1.

Complex high-rise construction work in a met-
ropolis is an extremely risky undertaking. Com-
plex logistics on the building site angd in full inoer
cities require constraction times to be kept to a
minimum,. This leads to highly compact building
processes and production sysiems that are some-
times unsafe and create many minor and major
risks for the construction workers.

“The work descrmibed in the article of Abderra-
him et al. [5] deals with the development of a

2.3,

particular security system, using both existing
commercial technology and specially designed
equipment. The compulsory safety helmet re-
quired for all workers in construction sites is
used as the base to accommodate miniature
positioning and communication instruments. The
position and ID of each worker is sampled
periedically and sent via radio to a monitoring
station, where the information is compared to a
database containing the tasks and processes
being performed in the site. According fo this,
workers and machines’ positions are known in
each instant and risk situations may be recog-
nised immediately and therefore damage can be
prevented. If certain workers and particular
machinery and equipment elements are not
supposed to be in certain locations for safety
reasons, an automated system can be used to
detect the situation and make the adequate
decision to prevent a possible accident. The
proposed system is meant for modemn construc-
tion systems where workers and automaied/
semi-autemated machines coexist™.

If we apply the article by Abderrahim et al. to
Fig. 2, we see that it can make an important
contribution to the minimisation of risks. The
instrument is designed to localise and detect the
risks on site that cannot be prevented and to
inform construcion workers with wamning sig-
nals of approaching danger {(e.g. machines or
crane loads) and to prevent people falling into
openings in floors. By using databases, radio
signalling and normal radio communication
equipment, automation (IT) can reduce the
remaining risks on the building site which
cannot be prevented by collaborative en-
gineering by improving production systems.
This makes it an important instrument in the
final phase of risk management. The automated
system adds value to the development of high-
rise construction in metropolises by perfecting
risk management.

Awtomation in construction management

2.3.1. Monitoring project progress

1.

The complexity of building in a metropolis
prompts the inclusion of performance indicators
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other than the traditional ones in a contract. A
traditional contract gives the contractor the
responsibility to supply products and to assem-
ble them nto a structure, and he is given a
certajn amount of time and meney o do so. He
1s also expected to use the necessary capacity in
terms of workers and machinery. In the tradi-
tional system, the confractor provides a design
with drawings and calculations. The new con-
struction assignment challenges the construction
industry to carmry out projects under new
contract conditions. The newness of these
contracts becomes apparent from performance
indicators other than the traditional ones. The
traditional performance indicators were primar-
iy time, money and a detailed design with
materials to be supplied. The new types of
contract place responsibility more integrally on
the contracting parties. This supplements the
traditional performance indicators with new
ones and creates the need for integral monitor-
ing and checks of the project progress.
Navon’s article [4] describes the options and
developments using examples. “There are also
briefly described together with the concept of
measuring indirect parameters and converting
them info the sought indicators. These are: (1)
labor and earthmoving productivity, based on
measuring the location of workers, or earth-
moving equipment, at regular time intervals. (2)
Progress, based on the above data, or data
collected from a tower crane. {(3) A comprehen-
sive conirol of construction materials, starting by
monitoring orders and purchasing vp tc the
movement of the materials on site. (4) Monitoring
the status of guard rails in order to prevent falls
from heights™.

If we apply Navon’s contribution to Fig. 2, we see
that developments in the world of IT have a
positive impact on the development of the
possibilities of all kinds of aspects of construction
management. They are the tools the contract
partners can use to monitor the progress of
complex contracts, The automated momitoring
system adds wvalue o the development of new
types of contracts.

Yagi's article [9] staied that it is difficult to
manage related infermation by using conven-

tional model. He proposed a new concept of
‘Parts and Packets unified architecture’. Data or
information related to a product are carried by
product itself and can be handled to manage the
whole system. It is a unified controller svstem,
which operates parts and packets together.

2.3.2. Acguiring design and management information

1.

Effective, fight management of projects during
the development, design, execution and main-
tenance phases depends on a great deal of
information. Without the right information,
management is more like gambling and guessing
than informed control. Construction in metro-
polises entails working with more partners than
people are used to. These partners not only work
together on the same project, they also need one
another because they have their own projects
which depend on one another. For example: flats
above shops, offices with shops above a railway
station. Various owmers all have their own
nterest, backgrounds, needs, requirements, func-
tional specifications, decision-making processes,
etc. These aspects each generate their own
specific information, so the manager who has
te head up integrated projects in a mefropolis is
confronted by an immense flow of information.
This information is not fixed, so the manager
also has to rely on the quality of the information
he is working with.,

The article by Van Leeuwen et al. [8] discusses
this problem and works out a proposal for not
distributing this information but for sharing the
various information sources. “The validity of
information that a manager obtains from part-
ners in a project can only be guaranieed by
sharing of the information resources. This
means that, rather than providing a copy of
the information, the information is accessed at
its source where the provider of the information
has full control {and responsibility) over it”. “To
achieve such sharing of infermation, Van
Leeuwen et al. propose a change of the
paradigm ‘distributed product information’ from
the supplier point of view to the consumer
point of view, ‘Distributed’ no longer means
‘sent 0 many clients’ but rather ‘accessed at
many providers’. Sharing distributed informa-
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tion resources has the potential to improve
business processes in many ways:

» Avoiding unsolicited communication, the
traffic of information is reduced, even if there
is an increased amount of wanted traffic;

» It improves the validity of information, be-
cause it remains under control of the provider;

+ It increases the quality of information, since
it can answer a specific request or even result
from a, possibly automated, dialogue;

+ Tt helps to integrate business processes by
keeping the relationships between the pro-
cesses and their output data active”,

3. In the article, Van Leeuwen et al. provide an
important insight into the development that ICT
can stimulate possibilities for the exercise of
construction management (see Fig. 2). With the
right ICT tools, the manager (the client) has up-
to-date information about all production sys-
tems, all risks and uncertainties, and all design
decisions and design options. This information
enables him to follow how plans and produc-
tion are developing on a daily basis (without
lacking information) and how they ultimately
meet the requirements of the client. It would
probably be impaossible to complete these
complex construction projects in our metrepol-
ises without these kinds of ICT systems.

2.3.3. Suppaort of the work floor manager with PDAs

1. These days, the on-site construction manager has
serious problems having building production
information processed efficiently, quickly and
on time. On complex high-rise or underground
construction projects in the metropolises, pro-
duction information is not only processed to
monitor progress and quality. A lot of data about
the vicinity (groundwater level, stability of
adjacent buildings, good traffic circulation) has
toc be processed every day. This is not only
required to monitor progress, but also to prevent
damage and ambient danger and tc minimise
risk.

2, The article by Kimoto et al. [6]: “This paper
reports a development of mobile computing
system with PDA (Personal Digital Assistants)
for construction managers on construction sites.
First, this paper describes the aim, the concept

based on End User Computing, and the
essential element of the mobile system. This
also shows the necessary functions for the
mobile computing, and the concept of this
computer-aided engineering system. Secondly,
this paper describes the structure of the system
and the outline of subsystems: Progress Mon-
itoring System, Inspection System, Checklist
and Reference System, and Position Check
System™.

3. To convert the work of the on-site construction
manager into a substantive role and less that of
an administrator of important infoermation, it is
essential to develop mobile computing systems
in accordance with the proposal put forward by
Kimoto et al. The reporting process is fully
automated from the location in the project
where the information is checked or available.
Using a mobile computing system In combina-
tion with the distributed product information set
out by Van Lesuwen et al. (sce elsewhere in
this volume) would cut out a whole senes of
administrative acfivities throughout the project
and increase the efficiency of data management.
All data on the various consfruction manage-
ment aspects ih Fig. 2 are collected integrally
and processed in real time. When this data is
linked to pictures from a digital camera and
speech recognition in the future, it will be a
real help to the construction manager, who will
then have more time and attention for the actual
content of the project.

3. Conchision

The building assignment will focus on metropal-
ises, which sets specific requirements for performance
management, construction management and consiruc-
tion engineering.

Clients need individual treatment and a specific
approach designed to solve their problem and meet
their demands. They are less concemed in the size of
the investment, but are becoming more and more
inferested in the total cost of ownership and life
cycle cost. Nowadays, clients are less concerned with
the structure itself. They pay more attention to its
functional use, and this primanly stimulated by the
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use of information and communication technology in
the projects.

Design sirategies improve performance management.

Constructicn engineering is changed by the appli-
cation of mere industrial production, sustainable
production, mass individualisation, and intelligent
building to improve constructability.

Construction management has to deal with safety
and health, uncertainty and danger. Developments are
taking place in risk management, value management
and decision support systems supported by partmering
collaborative desigo, supply chain management.

Better ICT tools provide the manager with better
information faster by using distibuted systems and
PDAs.

These developments demonstrate that there is
plenty of room for improvement in all process
elements of construction projects in metropolises.

This underscores the economic importance of
automation in construction. The ultimate goal is the
value creafion the structure is capable of.
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