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TECHNOLOGICAL DEVELOPMENTS AND TRENDS

This report is part of a study on technological trends and devel-

opments in the construction industry.
The first phase of| this study, which tries to give an inventory
of these developments and trends, uses, as well as the rest of
the study, two main information sources, namely literature study
and interviews.
In this first phase, on the one hand technological trends are
described, checked
other hand a list

based on a great n

and completed through interviews, while on the
f (+150) technological developments is made,
mber of publications published in the last few
years within the
1-15).

This way of worki

ield of construction technology (literature

g is part of the methodology of the study and
is followed to get a view of the situation as complete as pos-
sible.

This report only describes the result of the literature study,
while this part of the study has to result in clusters of
developments.
These clusters can be used to select technological trends, which
have to be compared with the trends resulting from the interview
study.

The final result
logical trends wh

the study.

f this first phase will be a list of techno-

ch have to be worked out in the next phase of

The first paragra

the difference be

h (§.1) will elucidate the term technology and
ween a technological development and techno-
logical trend.

In §.2 a method £

A description of

r culstering of developments will be given.

ach clusters, as well as the relation between
the various clusters will be given in §.3, after which in §.4
some conclusions of this inventory will be given.
In the appendix, each of the selected clusters together with ex-
amples of technolpgical developments will be described more ex-

tensively.
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§.1 TECHNOLOGY, DEVELOPMENTS, CLUSTERS AND TRENDS

Before describing technological developments, clusters and trends
first the meaning of those terms has to be clear.
Technology is a term derived form the word technique: technique
means the skill to execute something, while technology means the
knowledge of the various techniques; or more generally, techno-
logy is the knowle

is the skill to e

ge of the alternation process, while technique
cute this process. This description however

should be interpreted very broadly: technology is not only di-

rected at physical things such as the working up and processing
of materials, but |also at matters of concerning management, orga-
nization and labour.
To prevent that this study in general, and this report in parti-
cular will be confined to the physical description, the term
technology has to

ISTA (Internation

be circumscribed more precisely. Therefore the
1 Society for Technological Assessment) defini-

tion will be used "Technology is the practical knowledge, used

to perform activities which change humans natural and social en-

vironment" (16). |With this, technical and technological changes

are described as improvements on the field of technique and tech-

nology.

As already said in the introduction, this report tries to describe

the gathering of 150 technological developments into clusters

by means of literature study. What is remarkable, looking at the

enumeration of developments is, that it contains developments of

different "levels!

What level means in this study and this context can best be made

clear by following example.
When the computer| is introduced in the construction branch, the
whole branch will| be affected by this: computerized estimates,
pay-bills and site plans may be the result. Not only the orga-
nization of the branch or of the company will notice this, but

also the computer and the bricklayer.
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When on the other hand this computer gets a pneumatic hammer the
result will only be obvious with the computer himself, not with
the company or the|branch.

So, the level of a|technological change depends on the impact it

has on the organization of the construction branch, if it affects

the whole branch of industry it is a so called macro change; if
it affects a compa
just affects the t
Now the "level"-di

of this distinctio

y or a project it is a mezo change, and if it
sk of a worker it is a micro change.

tinction in general is made clear, the meaning
, within the frame of the study should be ex-
plained.

In the introduction of this report the two research methods are
described, namely the gathering of related technological develop-
ments into clusters by means of literature study and the descri-
bing, checking and| completing of trends by means of interviews.
To understand the use of this bipartition, the more because this
study is directed |to the future, the terms development and trend
have to be made clear.
A technological trend is a change within the frame of society
with a fairly homggenuous and integrated character, while a de-
velopment indicates a more inhomogenuous, subsequent and autono-

muous change.

With regard to th
not be made thinki

change is a devel

level distinction made above, the fault should
ng that a macro change is a trend and a micro
pment. A trend is namely more than a techno-
logical change that effects the whole construction branch, most
of the time it is |an integration of technological changes that 1t
anticipates to, and fits within the society in general and the
market in particu

the task of worke

ar. A development on the contrary may affect
as well as the whole construction branch, but
is as such not that integrated and homogenuous of character as a

technological trend.
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In this context a cluster of developments must be seen as a help
to translate the single and inhomogenuous developments into tech-
nological trends: |it contains developments that are interrelated

and connected and which are of a comparable level.

This comparability jmay be point of discussions, because the impact
of technological developments and renewals is not always known on
forehand.
And there are more|imperfections: the developments on microlevel
are at any rate to|be expected, adapted or not. Their enumeration
however is far from complete, because it is impossible to mention
all developments that are going on.

On the other hand, |the macro developments and trends are more
complete, but even on the fact if they will ever be introduced,

questions may and will rise; now, but certainly in the future.
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§.2 A METHOD TO CLUSTER DEVELOPMENTS

By means of literature study a great deal of technological de-
velopments are signalized an enumerated. The literature for this
part of the study exists out of publications and reports from
both inside as well as outside the European Community, and which
describe possible [technological developments and innovations
(2-16) . There ar

field of both civill engineering and building industry as well as

a great deal of developments that cover the

the various activilties of the construction process
(design-supply-construction) . These developments will not just
be enumerated sec, but they will be described within the frame of
the various clusters.

As mentioned, this study tries to give a view of technological
developments and trends in the construction industry as complete
as possible. Would all developments just be clustered and the
clusters seen as possible future trends, then a danger exists
that developments and/or trends that in the inventory phase are
not signalized, will also not be taken into account in a later
stadium.
To guard against this a frame, a structure has been set up, in
which all technical and technological developments have an own
and a unique place, and which covers the complete field of tech-
nology. This frame is furthermore also a motivation for the clus-
ters of developments

In this way a classification is made within the un-organized field
of developments.
An important and self-evident question now is, what kind of clas-
sification has to| be made or, with other words, what kind of con-
nection does exist between the various single developments?
The classification may not be based on the characteristics of the
developments, but| has to be neutral.

To achieve this, |in the study the construction industry has been

divided on two different ways.
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A first division h
on the, in this st
can be remarked th
emphasize the rele
are also complete

tral and complete

In the constructio
vant, production a
and construction,
information, energ
ion and capital.

cause it does not

Figure 1.

Production factors

as been based on production factors and a second
udy focused production activities. Although it
at also other divisions are possible, these two
vant factors for the construction industry and
and profusely. So, the requirement for a neu-

covering division is fulfilled.

n industry the following, for this study rele-
ctivities can be distinguished: design, supply
while as production factors can be mentioned:
y, labour, raw materials, equipment, organizat-
This last factor is not further processed, be-

come within the scope of the study.

/activity matrix

Production activities

pProduction factors
Ssupply

Design Construction

Informacion

Labour

Organization
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To enlarge the quality of the analysis the matrix is further de-

tailled by refering the production factors.
uction factors in the past are capital and
said CAPITAL will not further be elaborated,

The most known pro
labour. As alread
because it does not fit within the scope of the study; so new
ways for financing|and subsidizing the construction industry will
not be looked at.

With regard to the| factor LABOUR, as important aspects health and
safety, forms of decision making and cooperation must be men-
tioned. These aspects improve indirectly productivity and ef-
ficiency, and are to divide into developments on the field of
working conditions| and on the field of work organization. With
work organization the various ways of cooperation, the division

of responsibilitiels and the composition of the shifts ar meant.

It is namely well thinkable that for example the composition of
the shifts will u

want to do more v

dergo drastical changes, because the craftsmen

ried work.

ed for more multifunctional craftsmen may change
the shifts.

ying reason for this is not the wish of the

Furthermore the n
the composition o
Because the under
craftsmen, but the need for a more fast, flexible and easy to
plan infill, such |[developments are not placed in the factor labour
but in the factor |organization.
Within the factor

production- or co

ORGANIZATION developments on the field of the
pany process and on the field of the decision
making or the construction process are meant.
The division of the production factor MATERIALS is self evident,
because it takes the line of the production process into finished
products. First the raw materials must be mentioned (e.g. cement
and wood), then the materials produced out of the raw materials
(concrete and timber), then the construction elements (wall and
window frame) and| in the last place the construction components

(facade and facade element).



Also is the division of the factor EQUIPMENT based on the prac-
tical side of the construction branch, namely: equipment on the
site and equipment|in the factory, both with the subdivision of

small and large equipment.

With regard to the| factor ENERGY the importance can be deducted
from the fact that| energy is needed to win, produce and process
materials and to cpnstruct and use buildings.

First the energy supply or energy sources have to be mentioned,
for example fuels,| solar and wind energy, nuclear power, etcetera.
These sources can be used passively or actively. Secondly the
way on which the fuels and sources converted into energy and

thirdly the need and use for energy.

In the last place [the production factor, which gets more and more
attention in the last few years and without which the process
cannot function well, namely INFORMATION has to be further de-
tailled. On the fiield of information three possible, but theo-
retical bearers of information are distinguished: figures and
characters, measures and forms, pictures and sound.

A more practical, |thus a more appropriate division for the con-

struction industry is:

- management;
- communication;
- CAD/CAM.
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The elaborated ver

below.

Figure 2.

Production factor

sion of the matrix is now shown in figure 2

activity matrix

Production activities

Production factors
Supply

Dastgn Coastructicn

Information
- managemant
- comsunicaticn

~ CAD/CAM

Energy
- scurces

- convertica

- need and use

Labour
- conditions
= organizatioca

Macarials

=~ raw matarials
- materials

= elaments

~ components

Equipment
- sita large
- sits szall
- factory

Organization
- construction process
- company process

Now, each development out of the enumeration, which is based on

the literature study can be placed within the matrix, with the

suppossition that

each developments has its own and unique place.

The classification of these developments now, is a motivation for

the clusters.

It will become clear studying the appendix that the enumeration

of developments has been processed within each specific cluster

description under

ments".

the head of "examples of technological develop-

For this reason and because of the surveyability in the figure

the clusters have

ments.

been filled in, and not the separate develop-
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§.3

As a result of the

CLUSTERS - A

DESCRIPTION

literature study and, based on the enumeration

of %150 developments, sixteen clusters of developments are found,

and in the appendix each of these clusters is more worked out.

In this paragraph

1,

communication:

only an overview is given:

the automatisated information transfer be-

tween the various partners and process participants;

computer-aidegd-design:

computer support within the design

process by means of automatisated drawing and calculation;

computer-aided manufacturing:

»

steering and control of the

production process of construction elements and components

by means of g computer;

computer-aided-management on the site:

automation of the

information and instruction flow of a construction firm to-

wards the various projects and vice versa;

integration of computer subsystems:

coordination between

the design, c¢alculation and administration parts of the var-

ious computes

flexible autg

process to g¢

costs;

robotica: a
dangerous an

way;

process coordination:

the process

construction

r systems;

smation: variable programming of the production

st a varied gamma of products against minimum

machine and tool to execute heavy, dirty,

i monotonous work in a non-stop and accurate

agreements and regulations between

participant which are needed to organize the

process in another way.
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10.

prefabrication of composed components:

construction
systems in a

site;

exchangeable

prefabrication of
components like integrated facade and roof-

factory, after which they are assembled on the

components: the use of components which can

easily be exchanged and replaced, in order to reach a more
flexible use;
11.

material developments: the developments of new materials

and new applications of already known materials;
12. construction|systems and methods: new methods to realize

parts of construction or even to produce complete construct-

ions;
13. tools and equipment:

construction the development of new

tools and equipment both for the factory and for the site;

14. health and safety:

of the health and safety of the craftsmen in general, and of

developments directed at an improvement

the craftsmen on the site in particular;

15.

16.

energy conse
rials, alter
other cluste
of developme

clusters.

rvation: the development of energy saving mate-

native energy sources and energy management;
rs: single and often more small scale clusters

nts with just little or no relation with other

If the clusters are now applied to the matrix, the insight in the

the effects of an

Opposed to the de

place in the matriix;

d the coherence between the cluster will improve.
velopments, the clusters do not have an unique

they appear on more places.




Figure 3.

Production factors

12

/activity matrix

Production activities
Production factors
Supply Design Construction
Information commmicaticn (1) n m m
o (3) o (2) management ca the
= managesent integratica (S) intagration (5) site (4)
- communication flexible process (5)
© . ® process coordination
« OB/ process coordination (8)
8
Energy anargy enargy anergy
(15) (1sy s
- sources
- convertion
= need and use
Labour ox (3) managesant oo site
flexible autosatica @
=‘conditions ) obotica (7) . .
- arganization robotics (7) health &-safety (9)
health & safery (14)
»
Matariale axchangeable compo- compo-
pents (10) nants (10)
~izavimtarials matarials (11) matarials (11) satarials (11)
- matarials systams & mathods (12
- elamants
- compcooents
robotics (7)
Byuipment oax (1) prefabrication (9)
_ D flaxible autcmation | | systsms & methods exchangeable
wite Jargs ® ) (a3 pents (12)
- site small robotica (7) systams & methods (12
~ exchangeable compo- tools & equipment (13
Sastecy nents (10)
tools equipment (13))
Organizatien o (3) o (2)
integratica (5) (5) o site
=/eonstruction;precess flexible automation| | process coordination | (4)
- company process © - (8) integratien (5)
. process coardination process coordination
(8) (®

In figure 3 a clu
direct technologi
For example: com
sequences for the
duction activity
terations in the
construction bran
sign plans not on
text.
In the matrices i

indicated too, bu

design.

ch:

ster has been placed in a kwadrant in which

cal consequences may be expected.
puter-aided-design will only have direct con-
production factor information within the pro-
It will however also give cause to al-
production factor information for the supply and
these branches will get other types of de-

ly qua presentation, but probably also qua con-

n the appendix this indirect relation will be

t in figure 3 this is not done.



After studying the

clusters of develd

appendix with the description of the various

pments it may become evident, that many

clusters have overlaps and connections with each other.

This is mainly bec¢ause the confines of the different clusters
cannot precisely be circumscribed and made clear, and therefore
in every cluster description the item "relation with other
clusters" has been taken up.

To get a better insight in the relations and coherence between

the clusters figure is made.

Only the direct coherence between

the clusters in reflected in this figure.

Figure 4.

Coherence between|clusters
]
5]
-t
T (3
u |°
- |- )
5 |3 g
P g
o 9 @
HEEIEE R
communication LB A - Q
galfald|l3
computer-aided- ® |0OT|ND Q
9 ol|lo )
design & ol e o
as[3sl° |5
computer-aided- T o 3 & ? ;: % bl
manufacturing 0 g : Pl a
& plonl O =
computer-aided- 3 f - E| 8 G
afl Dol 3 -
management on the| @ g R ] +
Bl M0 o
site 0Pl o> o 1
| [e8lg s |38
integration of 3 E| g Q N |we
co L] . L] Ll - % - 8 o
mputer subsyst. 3 § ] 8 §
W
flexible automat. ° ° [ E % §
robotica ° ° 8 (8
" E'E]
process coordina.| e . . ° [ Q ‘ﬁ§
prefabrication of o E g
ccomposed compon. Qo
exchangeable com-
ponents . L
material develop. o °
construction .
systems and meth. L4
construction
tools & equipment . e » U
health and safety
energy conservat.

exchangeable components

. I material developments

construction systems

and methods

construction tools

health and safety
energy conservation

As already said this figure is meant to give better insight in

the clusters of developments,

in their connections and coherence

with other clusters and it should therefore serve together with
the production adtivity/factor matrix as a basis for further
elaboration of there clusters.
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It can also be a tool for signalizing possible macro-developments
and trends, and tqus be the basis for the development of a tech-

nological scenarioq.
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§.4 CONCLUSIONS

The main conclusions of this inventory, illustrated by figure 3

and 4, is that a lot of clusters of developments are strongly

interrelated and show a great: coherence.

This will also be

elaborated in the appendix in the description

of the specific clusters under the head "relations with other

clusters".

Clusters of developments on the field of computer

aided communication, CAD, CAM, integration of computer subsystems

and process coordination are strongly related, as well as clusters

of developments on the field of CAM, flexible automation, robo-

tica, prefabricatilon, exchangeable components, systems, methods

and tools and equipment.

Almost all clusteys have been mentioned just now and so it can be

said that almost dll clusters are interrelated:

just a very few

ones point at rather single and unique developments (health and

safety and energy

conservation) .

A second conclusion is that, apart from CAD, all clusters of de-

velopments within

the production activity design can also be found

within the production activity construction.

Beside the reason

of the various cluy

ties and factors,

further elaboratid

for the matrix, namely to elucidate the status
1Isters by placing them in the production activi-
this second conclusion may serve as a base for

»n of the separate trends in the second phase.
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APPENDIX

In this appendix slixteen clusters of developments are described.

The developments are based on literature study, while the cluster-

ing of these developments is, as already said in §.2, based on

the matrix as shown in figure 3.

Each cluster descriiption is divided in five parts:

First the purpose

nological content

of the cluster is given; secondly the tech-

of the cluster, as well as the target group is

described. Thirdly the relation with other clusters is given, to

show the context qf, the specific cluster.

In the fourth place examples of technical and/or technological

developments indicate what should be thought of, viewing the

clusters, while in the last place examples of effects and using

possibilities give the consequences of these developments.

Furthermore the matrix as introduced in §.3 is added after each

cluster description.

for each specific

The reason for this is that in this matrix

cluster the fields can be indicated in which

direct and indirec¢t consequences and/or changes will occur. This

will be done by hatching:

direct consequences or changes are

double, indirect only single hatched.
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APPENDIX
Page 2

MICRO ELECTRONICS

The use of micro-electronics in the construction industry is now

still in its first stage, but it may be expected that in the fu-
ture the effect on the organization will probably be very far-
reaching.

The use of micro-edlectronics, or more popular of the computer in
construction companies has for long been limited to administrat-
ion, and in some gountries now and then to planning. Through the
micro-electronics [the use of the computer has gone into a new
phase: cost-reduction, project management, management on the
site and labour plapning have come within reach. Also are the
possibilities of
design (CAD) and

enlarged.

he computer on the field of computer-aided-

omputer-aided-manufacturering (CAM) drastically
This has resulted|in a more intensive study for the new possibi-
lities of the computer in the construction industry through which
the generally assumed backlog will soon be recovered. Therefore
the use of the computer in the construction industry is a favour-
ite topic of most|governments to stimulate this branch by means
of innovation-focused research programs.
Micro-electronics|is a collective noun for various applications.
These applications do not only differ from branch to branch but
also within the construction branch itself.
To get a better insight in the broad field of micro-electronics
in the construction industry, a classification has to be made for
the different parts.
Although among experts no consensus exists about this classifi-
cation, the following one is chosen. This because it takes as a
starting point th
the frame of the

report:

practical value and therefore fits best within

tudy, as mentioned in the introduction of this
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APPENDIX
Page 3

1. communication and information transfer between the various

partners in the construction process;

2. administratidn and management of firms of the construction
branch;

3. computer-aided-design including cost and energy calculation;

4, management on the site, including construction and labour

planning, matlerials management and inspection;
5. computer-aided-manufacturing;
6. management of the building stock in general and maintenance

management in particular.

In figure 5 the above mentioned applications are segmented to the
main parts of the construction process on the one hand and to the

process participants on the other hand.

Figure 5.

Computer applications in the construction process

Process
phase Design and Construction Use
project
preparation
Partici-
pants
principal maintenance
management
(6)
architect computer—-aided- computer-aided-
design (3) design (3)
advisor computer-aided- computer-aided-
design (3) design (3)
contractor administration and administration and
management (2) management (2)
management on the maintenance
site (4) management
(6)
supplier computer-aided- computer-aided-

manufacturing (5)

manufacturing (5)




This matrix is mea
the specific appli
It will be noticed
matrix, but this i

between all proces

Administration and

most applicated co

and
expected. So, it
technological dev
construction bran
This also counts
tenance programs
part is also work
it is becoming a
much more - techn
package. As exam

developments can

Administration an

therefore no s

APPENDIX
Page 4

t to give a more clear view of the place of
ations within the construction process.

that communication has not been used in the
because it should be seen as an intermediairy

participants at all phases of the process.

management within single firms is already the
puter facility in the construction industry
ectacular changes or developments are to be
ill not be regarded as a cluster of new

lopments, the more because it is not a specific

h application.
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f the automobile and computer industry, this
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ery important application, it does not mean
logically seen - than an extensive software
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= investment survey
- liquidity control
- capital cost-|and financial planning

- materials management and other forms of resource planning

Maintenance management:

= registration of complaints

- maintenance schemes
- exploitation gost control
Beside the four other applications (communication, CAD, CAM,
management on the site) also the integration of the various sub-
systems into one system will be described as a cluster in the
following paragraphs. This is done because probably a serious

danger for the construction industry will be the non co-ordinated
development of the subsystems. Big effort should therefore be
put in developing |an interconnected and co-ordinated system, in
which all subsystems fit: only then the developments will be
most profitable for the construction industry.
As last remark it |[should be mentioned that not the complete field
of micro-electronics is described, but that a lot of developments
are the application of micro-electronics. For example the in-
struments for dimensional control in constructions, further ela-
borated in cluster 3 (tools and equipment), are a combination of
laser- and computer technology.
With regard to an

can be stated tha

ther development on the field of inspection it
the television systems (i.e. systems which

control sewers and other pipes on stoppages, subsidizes and in-
equalities by means of a TV-camera) are a combination of micro-

electronics and television techniques.
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As last example of|a not yet described application of micro-elec-
tronics the so called "smart buildings" can be mentioned. This
are buildings which are completely steered and controlled by
means of computers|with regard to energy, fire-safety, burglary
etcetera.
So, the use of micro-electronics as a tool in the construction

industry makes the| field even more extensive than above described.

L ORIIOT ONITC DN AN
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So, the demand for
condition for the

process.

APPENDIX
Page 7

PUTER-AIDED-COMMUNICATION

and better information transfer and a more
on between the various parties of the con-

by means of the computer.

rocess requires the cooperation of various par-
s’ cooperation effective, a lot of the internal

eeded.

a good cooperation and communication is a pre-

satisfactory passing off, of the construction

In the figure below the project communication between the various

parties is shown.

Figure 6.

Communication between process participants

participants

participants

principal

architect

architect

|
cost-advisor |

constructor
electrician
contractor
sub-contractors
supplier

national government|
local government

consumer/client

cost-advisor

constructor

electrician

contractor

sub-contractor

supplier

national
government

local government

L]
consumer/client
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It appears - because of the many dots in the figure - that a lot

of communication channels are used in the construction process.
Looking at the contractor it is obvious that he has to maintain
contact with all participants, so for him the communication as-
pect is very important.
The most weighty requirement for information transfer and coop-
eration is to avoid misunderstandings and confusions between the
participants. A well-functioning information systems is there-
fore necessary, whiich has to be set up and controlled carefully
to let the participants not experience any obstacles.
To improve the current information system, it is possible and
even evident, that/ in the era of micro-electronics, this system
is automised. The "computerized" information, which is relevant

for the participants, contains three different fields:

1. transfer of general knowledge, (e.g. from research and de-

velopment to |individual companies) instead of, or in com-
bination with traditional reports;
24 transfer to technical information and technical drawings on
building projects;
3. transfer of product information, including information about
reqgulations etcetera, which tends to go to some sort of pro-
duct information system.
This communication and information transfer may ultimately result
in major changes in the organization of the decision making pro-
cess. Eventually this may lead to changes in the rates and re-
sponsibilities of|the professional disciplines in the construct-

ion industry.
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Possible changes and consequences as result of computer-aided-

communication
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Contents
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COMPUTER-AIDED-DESIGN

ign process at the various phases and trans-
of this process into the ultimate design

the computer.

f the utmost importance for the construction

11 object information for a construction is
ans, not only by and for the architect, but for
The advantages of drawing by means of a com-
as of word processing: it goes fast, accurate,
o process and the output can be in all kind of
d combinations. But, computer-aided-design of-
an only drawing capacities, in fact, drawing is
the whole computer-aided-design process, which

f:

ntegration of drawing, calculation and

the searching, clustering and relating of data,

for the design problem. It is a more mathema-

stablishing of formal hypotheses which are based

the analysis. Possible alternatives are given

for the global floor-plan, for global structural, physical, func-

tional and also es

thetical demands and even for the construction.
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Evaluation stands for finding the optimal design: the possible

alternatives are represented, measured and evaluated against the

light of the program of demands. They are not meant to change or

renew the design, but to get the quantitative effects of a

design, and what is more of changes in the design.

To use the CAD-system on the most effective and most profitable

way, these three design steps have to be internally exchangeable.

So, integrated systems are needed. Although a certain level of

integration has already been reached, further research is still

going on. The effects of such system are already mentioned:

quantitative advantages with regard to the presentation of the

design plans.

>

The automation of [the analysis, synthesis and evaluation process

however, also means a qualitative advantage for the design pro-
cess: because of |the possibility to produce alternatives the
ultimate design plan can result in lower investment or direct
costs, in lower hdusing costs, in a more functional organization,
in more safety and in an easier or faster construction process.
One important precondition with regard to the use of CAD has to
be made, namely that education and schooling is provided- 1In
several EC-member |states this is taken care of sufficiently, in
others no attention is paid to this factor.

Relation with other clusters

The design is the |base for each construction and building, and
design plans are an important intermediary between the various
process partners.| Therefore it is evident that the number of
relations with other clusters is legion: computer—-aided-design
is a tool for communication as well as for process coordination,
while flexible production automatization and prefabrication of
composed components can only be processed renumerative through

the use of CAD-systems.
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logical developments
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Figure 8.
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CLUSTER 3. COMPUTER-AIDED-MANUFACTURING

Purpose

Manufacturing construction elements and components in a factory

and supporting the|production process by means of a computer.

Contents

In the supplying firms production of construction elements and
components takes a| central position. Computer-aided-manufactur-
ing offers the supplying firms the facility to improve the pro-
duction process. The use of the computer in this process in di-

rected at:

1. programming of the machine;

2. control of the machine;

3. control of the product;

4, information transfer about the machine;

5 information transfer about the quantity and quality of the
products.

Results of this way of manufacturing are: less fabrication faults,

a better choise and utilization of materials and a better quality
control. Also dods it offer possibilities to reduce the price of
the product, to increase the production and to improve the working
conditions. This |last aspect gets a lot of attention and experts
do not agree yet on the social effects of CAM: although heavy

and sometimes even dangerous work is now taken over by a machine,

a lot of dull work has to be done, because of CAM-systems.

Relation with other clusters

It is difficult to describe CAM as a separate cluster, because it

is often applicated in relation with other clusters.
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Integration of CAD| and CAM-systems makes it possible to take the
production aspects| more into account in the design process in
order to change the production gamma or the production process in
a more efficient and fast way.

This integration may lead to flexible automation and therefore
CAM can be considered as a precondition for it.

Another relation can be established with regard to robotics or
telechiry: if CAM is used in combination with self-acting, self
controlling and/oxy self correcting machines CAM can be seen as an

integrating part of robotics.

Examples of technqglogical developments

>

- steering and |controlling of machines;
- call down: the conversion of product orders into a product-
ion plan;

- instruction and work organization.

Examples of effects and using possibilities of these developments

= improvement of the resource planning in general and a more

consciouss inventory planning in particular.
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Figure 9.

Possible changes and consequences as result of computer-aided-

manufacturing

Production activities

Production factars

Dasign Construction

Information

- management

- communication
= CAD/CAM

Matarials

- rav matarials
- materials

~ elesents

- companents

Organization
- construction process
- company process

s . 4
m@% direct consequences

Mﬂmmumm indirect consequences




APPENDIX
Page 18

CLUSTER 4. COMPUTER-AIDED-MANAGEMENT ON THE SITE

Purgose

Supporting the management on the site, improving the information

transfer between project and construction firm and vice versa,

and improving the

Contents

The efficiency of

information transfer on the site as such.

a construction firm heavily depends on a good

functioning of the site system. The information transfer between

the site and the firm is therefore the most important interme-

diary. Furthermore the information transfer on the site as such

is an important £z

In this context if

.ctor to steer and control the project.

- is therefore possible to distinguish four se-

parate information flows:

Figure 10.

Construction projects information flow

Information about
bility, about sub
passed down from

structions to the

company
project
task

material purchases, equipment and labour availa-
-contractors,the principal c.q. architect is
firm to the project manager, who direct his in-

workers.
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the con-
report the site manager about the progress of
ficulties and possible needs.

asses this information, in combination with

otal hours worked, plant costs, stock, and needs

company, which has to take care of all this.

information flow often forms the major ob-

1 functioning of the site system, with all pos-
. Through developments on the field of micro-
er-aided-management on the site has become with-
t is more, because of the growing need for ac-
and up-to-date information the onsite computer

ial.

er clusters

Management on the
tronics and theref
noticed. Changes
becomes largerﬂ arny

management on the

site is an important aspect within micro-elec-
ore much relations with other clusters can be
in the design, which occur more as the project
e of great importance for the construction

site and so an cooperation between CAD an the

onsite computer could improve the situation drastically.

When flexible automation becomes possible on the onsite computer

can order its purg
firms office could for this aspect be shipped out.

stocks can be kept

hases directly related to current needs, so the
In this way

at a minimum level, with regard to the com-

panies office as well as to the site.

Examples of technological developments

computerized

site plan: optimal planning, given the

environmental conditions, of the site, with regard to en-

trance of the

dimensional control plan:

site an place of the equipment and site huts;

planning of the best place to

start with and to control the construction, to get a variety

in measures

as small a possible;
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ent| payments: control if principal pays his
ents conform the progress;
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control.
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Figure 11.
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CLUSTER 5. INTEGRATED COMPUTER SYSTEMS

Purgose

Integrating the yvarious computer subsystems to improve the sub-
sequence of the wvarious process phases, the communication between
the various partners and the subsequence of the various company

phases in the construction industry.
Contents

In the preceding paragraphs some subsystems have been described
in the light of their specific contents and use.

But as already said in the introduction, special attention has to
be paid to the integration of these subsystems.

‘This integration will improve the subsequences of the process and
company phases, |as well as the communication between the various
partners. Thiﬁ, on its turn will lead to a better process con-
trol and a better product. It is namely assumed that a synthesis
and integration will lead to more productivity improving and ef-
fective results, than the separate effects of the separate trends.
Therefore it is necessary to distinguish within the field of the

construction inqustry two different processes:

1. the construction process, which has been described in the
introduction, as the sequence of activities (initiative,
design, construction, use and maintenance) and the subse-
quence of partners (principal, architect, advisor, supplier
and contraqtor);

2. the company process: the organization of the succeeding
steps within the construction firm, namely: preparation,

management, project management and administration.
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The figure below shows the desirable situation.

Figure 12.

Process integrated computer system

In the proposed

Computer applications

Qs communication

b. administration &
management

Ce CAD

d. management on the site

e. CAM

f. maintenance management

system not only the computer applications with

regard to the construction process are integrated, and not only

the applicat ons with regard to the company process, but also

both processes as such are internally integrated.
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Figure 13.
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FLEXIBLE (PRODUCTION) AUTOMATION

tion of various heterogeneous products in smaller

thF same production system, which have the same

arable products of a mass production system.

e conventional "hard" or "fixed" automation which
production of homogeneous products in large volu-
sibilities of flexible automation or flexible

tomation has come within reach: a non stop, contin-

stream of small, internally, heterogeneous yet

ducts. The heterogenity which characterises the

uctiion, inplements a limited use of the production

results in relatively high inefficiency losses.

e however to reduce these losses by means of:

automation;

alled "Japanese systems".

and the same machine performs with the same
iciency as in a homogeneous production process, a

ber of activities for different heterogeneous pro-

This is made possible through the variable pro-

gramming of the computer.

Ad. b. The
possih
ions.
ventox
optima

ductid

Jdpanese systems have some kind of pattern card of

ilities, which can be used in various combinat-
In particular the limitation of the several in-
ries, which are inevitable because of the non-

}l coordination of the different stages of pro-

n, is emphasized.
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s of both systems are:
iented production of small scale series;
of inventories, especially directed to the buf-

ries in the production process ("zero-stock-prin-

trol during the production process and quality

the product.

he construction industry, or the equipment to

exibility is very expensive or the flexibility

equipment, is limited.

truction industry the tendency is to use more or

equipment, with some degree of standardization.

other clusters

To provide th
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this developm
industry grea
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well as CAM-s

mation while

a certain pro
field of mate
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ofte
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e production automation may be a solution.
ent
t expectations are cherished.

d through the developments on other fields:

cess coordination.

nly
1 be
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Although
is still at its infancy for the construction
These expectations
CAD- as

ystlems are almost a precondition for flexible auto-

flexible automation, certainly in this stage, needs

Also may developments on the

rials open new ways and possibilities to use flex-

As last fact, the relation between prefabricat-
components and flexible automation must be men-
seen as two opposite trends a growing need for
established.

echnological developments

- flexible
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systems)

- MRP-systems
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)ptimalize material resources;

BAKKENIST, SPITS EN CO




- Kanban-systems:

ordination.

Examples of effe

APPENDIX
Page 27

another form of supply and inventory co-
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CLUSTER 7.
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DBOTICS

er by machinepower for monotonous, accurate,

vy work.

hine which executes an action or a number of act-
rogrammed. The program gives instructions to the
This kind of robot is the most

Most

of a computer.
nd is also called a self working machine.
ver, another feature is added, again by means of
v self control: through sensors (i.e. artificial

the machine is able to detect faults or varian-

ﬂction and to warn when such fault or variance
t

est development on this field are next to self
controlling, the self correcting machines: these
e to correct faults and/or variances, but also to
rammed process. Integration of these three fea-
self optimalizing machine and thus to an opti-

e process.

t advantages of the robot in comparison with man-

wing aspects can be mentioned:

do dirty, dangerous and heavy work;
do monotonous and boring work;
work for more than eight hours a day and in a

te way.

tion of the robot in the construction branch,

d on use within a factory, are shown in figure
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Figure 15.

Present applications for industrial robots

(Sources: Japan|Industrial Robot Association - JIRA)
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;" Arc welding
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-

Asum\::ly

Because the description of robotics is primarily focused on use
in a factory, it/ is, with regard to the construction industry,
directed to the producing and supplying firms. For activities on
the site applications are still being developed, with as one of
the latest developments the building of a wall by means of a ro-
bot. Because for now the use of robotics on the site is limited
to self working machines, this trend is as to the construction
industry still at its infancy (only with specialistic work such
as tunnelling, maintenance in nuclear plants and working on the
sea bottom robotls are used).

As soon as self [control and self correction can be integrated
this trend will |break-through for the complete construction in-
dustry. The problem however is how to achieve this integration
for robots on the site.

BAKKENIST, SPITS EN CO




Relations witk

1

APPENDIX
Page 30

other clusters

As a precondition for the development of this trend the develop-

ment of specific

strong relation

general.

parts of micro-electronics can be seen. So a

exists between robotics and micro-electronics in

Also can a overlap be noticed between robotics and flexible auto-

mation: when

can be of help within the process of flexible automation;

this also counts

the

programming of a robot is made flexible a robot
and

for the use of robots as a tool for CAM-systems.

Examples of techhological developments

- pick and place robots:

these machines can pick an element

and put it on another place (e.g. bricklaying robots);
i

- servo roPot

celerate‘or

- sensory
by means

- assembly

activities.
tioned robo

- single purppse robot:

specific

rob
of

ro

jo

: machines which can interrupt, slow down, ac-
turn a certain activity or action;

ot: machines which can control a certain process
built-in sensors;

bot: machines which designed to execute assembly
It is an integration of the three above men-
ts;

machines which cab be used for one

b and therefore are uniquely designed.

Examples of effects and using possibilities of these developments

- growing

- improvement

- increase

nee

d for more educated and schooled personal;

of working conditions;

and improvement of production volume.
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Figure 16.

Possible changes and consequences as a result of
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robotics

Production factors

Production activities
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Design

Construction
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- organization
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- matarials
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Equipsment.
- sita large
- site small
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Organization
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- caspany process

indirect

direct conseqyences

consequences




CLUSTER 8. P

Purpose

Organizing the c

ticipant fulfill

effective way
Content
ion

d

exi

The construct
the principal,
contractor -

general principl

much alike tﬁe P
(+2.000 years B.
the con

trary it is

changes,
sto

ion process stay

In this centﬁry

on social devela

an integratiqn Q
technology, %oci
government. ‘Now
f 4

still is the |sanm

but because
Furthermore have
own point of vie
have to be wrong
But because ﬁher
within the const
between the part
ticipants to the
Beside the occur
and unsatisfactg

there are some d
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ROCESS AND ORGANIZATION COORDINATION

onstruction process in such a way that every par-

s the for him most appropriate job in the most

process in its conventional form - initiative by
esign by the architect and construction by the
the

e of the process nowadays looks even still very

sts already for more than hundreds of years:

rinciple of the process in the Egyption periode
Co) .

tents of tasks stayed the same.

This has been possible because despite all
But on the con-
nishing that in this 20th century the construct-
ed the same.

namely the emphasis did not and does not lie just
pments or just on economic developments, but on

f developments on all fields of society: economy,
al and cultural environment and the role of the
the task content of every participant has changed,
he unwillingness of some participants the process
e.

all participants their own "vocabulary" and their
w with regard to constructing: this does not

, provided that some kind of coordination exists.
e is no question of coordination, the problems
ruction process are evident: no coordination
icipants and no adaption of the role of the par-
changed task-content of these participants.
ring problemes of inefficiency, improductivity

ry results due to the non co-ordinated process,

lriving forces that ask for such coordination.
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ding branch in general, but in the housing branch
ar the client or consumer wants to play a greater
construction process. Because people become
ated, and because their budget has to be divided
11y, they eant to participate in the decision

ess and to express their individual wishes.

of contractors to reduce the construction costs
quality. In this context terms ad industria-

d rationalization fit in, terms which can only
eds when an optimal cooperation between the pro-

ipants is taken care of.

Feeked for by standardization or coordinating
dimensional coordination. The change in task-

}t in a threat of for the architect as indepen-
ticipant: the changes in society may ask for a
le of the contractor in the design process.

has to be that every participant fulfills the

ropriate job or task.

ther clusters

On improved syst|

various process

of the task-cont

communication be

\c%

omm

communicatio
tion. This
communication, b

gration of compu

Also can prOﬁesq
f g
han
| e
able components.

integrating
On the other

the clusters

can grow out to

ems of agreements and regulations between the
participants including an improved circumscription
ent of each participant will lead to an improved
tween the participants. Vice versa good

n be seen as a precondition for process coordina-
unication can be represented by computer-aided-

y CAD and CAM-systems and certainly by an inte-

ter subsystems.

coordination be seen as a precondition for this

omputer subsystems.

d process coordination is also a precondition of
efabrication of composed components and exchange-
When these clusters are well coordinated they

a construction method.
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Figure 17.

Possible

changes
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and consequences as a result of process coor-

dination

Production activities

Production factors

Informaticn

- management

~ communication
= CAD/CAM

enexgy
- sources
= convertion

= need and use

direct consequences

(D

indirect consequences

= conditicas

- organizaticn

Matarials

= raw materials
=~ materials

= elements

= cospanents

Equipsent
- sita large
- sits small
- factory

Organization
= constructiocn process

- company process

Examples

of éec nological developments

= building teams:
tractor

- new fo

- specifi
as such

fic mat

S

cation writing:

an

eril

cooperation of architect, advisors and con-

within a project;

f tenders;
design method based on specifications
not on characteristics or specification of speci-

1s;

- standardization of construction elements and components;

- dimensi

arized

o

coordination: a design method which uses stand-

easures of elements and components;

= centralization of channels and tubes for installations;

= catalogue

standarize

onstructing: constructing with prefabricated

elements and components which can be combined

into alT kind of constructions.
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Examples of effects and using possibilities of these developments

- cost red
- another

- particig

luction;
organization of the construction process;

bation of consumers and clients.
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CLUSTER 9. PREFABRICATION OF COMPOSED COMPONENTS

‘Purpose

Fabrication ?f large construction components such as facade
systems and ﬁloor parts in factories, and assemblation of these
components on the site.

f construction components is a technique, which
rease in application the last few years, but

an even more promising future.
as always had its opponent in the construction
it occured and occurs in various phases ans
prefabrication was limited to the production of
ments such as bricks, later also

tiles, etc.;

s sucs as wooden and aluminum door- and

ounts the prefabrication of more large scale
nts, such as integrated facade systems and

11so structural components such as integrated
‘oundation elements. This phase the EC in general

> the future opens possibilities for complete

prefabricated houses or even prefabricated buildings.
The effect iT that the production moves from the site into the
factory. This however must not only be seen as the effect, but

also as the ot%

cause of the fac

1. in the

therefore t

and therefq

in the fact

result thaf

act

regard to ¢

lve for the increasing prefabrication. This be-

st that:
!

rhe productivity can be strongly improved;

ory more advanced equipment can be used and

bre also the quality can be strongly improved;
rory the climatic conditions play no role, with as
+ prefabricated components show less variety with

quality, measures and surface.

BAKKENIST,SPITS EN CO




On the other
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another way.
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hand the more negative aspects will be the increase

costs and the possible difficulties on the site

brigated component does not fit or is not correct in

Prefabrication has considerable consequences for the equipment on

the site, an

it also effects

Also will the

tions change

lar:

instead of c«

the cr:

Ww

what is more,

for the equipment in the factory, but

the need for transport and infra-structure.

labour activities in the various production loca-
s, and the labour activities on the site in particu-
aftsmen will find themselves more and more assembling

onstructing.

Relations with other clusters

Bringing back a

factory has

tion can be

automation,

relation whi
tant is that
cation chang
various part
of easy to e
opportunity

needs.

Examples of

for

with process coordination:

icipants has to change too.

great part of the production from the site to the

a lot of technical consequences, and so prefabrica-
related with clusters of developments as flexible

:om?uter—aide-manufacturing and robotica, but the

is less self-evident but certainly not less impor-
when the production lo-
from site to factory, the coordination between the

Also can prefabrication

xchange and easy to replace components be seen as an

anticipating to the continuous changing market

= equipme

- prefabri

- new typ

- mobile

Examples of

eff

technological developments

in the factory;

ted roofsystems, wallsystems, facadesystems, etc.;
of joinings and fittings;

S .

ects and using possibilities of these developments

= change

in

labour-task of the craftsmen on the site
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Figure 18.

Possible changes and consequences as a result of prefabrication

of composed components

Production activities

Production factors
Supply Design ]

Construction

Information
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Enargy
- sources
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= need and use

- conditicns
- organization

Macarials
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~ materials

=~ eslesents

e il

Equipment
= site large
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- company process
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indirect consequences
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CLUSTER 10.

Purpose

Producting strug

which can easily
Contents

The demographic
tically the }ast
dualistic, they
divorces has ing
etcetera.

This resulte
with regard

to

housing mark
Anticipating

ro t
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XCHANGEABLE COMPONENTS

tural as well as infill elements and components

be replaced and exchanged on the site.

and socio-cultural conditions have changed dras-
decade: people have become more and more indivi-
have got better and more educated, the number of

reased enormously, less children have been borne

in a change in needs and wishes of the people, also

he construction market in general, and the

in particular.

these changes has appeared to be very difficult

for many institutions and organizations and also for the con-

struction branch:

i

the demand site
the EC-membe

This aspect, rei

maintenance

ion for the

st

qualitative adaptation o of the supply side to
has still not been reached fully by just one of

ates.

inforced by the growing need for renovation and
fc

of existing constructions to new needs and wishes,

onstructions and the growing need for adaptation

is the motivat-

ntroduction of exchangeable components.

The use of e changeable components is not only directed at struc-

tural parts

construction, but also to the infill.

some degree of
the componen

placed.

designs has
its production
has to adapt| i

the change i

It asks
tandardization of joinings, and fillings, so that

entioned above can easily be exchanged and re-

ill be clear that agreements have to be made about

lter its way of design, the supplier has to adapt

to the standarized joinings, while the contractor
ts capacity both equipment and labour-capacity, to

way of constructing.
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ther clusters

Because exchange

structions but

ions,

ment and what ig

lition techni

the use

of

ques.

g

able components can be used not only in new con-
s said, also within already existing construct-
it will result in little-scale tools and equip-
also important in a lot of little scale demo-

So the relation with the tools and equipment

cluster is obvi?us.

The relation

between exchangeable components prefabrication of

composed components, and prefabrication will need no further

explanation.
When the use

of

exchangeable components sets trough an when a

certain coordination between the participants of the construction

process takes

method.

place, one could even speak of a new construction

Examples of technological developments

separat

mobile

Examples of effe

renovation
demolition
ion

Sep3

techniques;
techniques;
between structure and infill;

arating walls.

2cts and using possibilities of these developments

open bu

ponents
flexibi
multi-f

11d:

infill whig

to

1it)

unc

ing method: separation of main-structure and
ch exists out of exchangeable and replaceable com-

increase the flexibility of constructions;

y i

tionality.
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Figure 19.

Possible changes and consequences as a result of exchangeable

components
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— Production factors
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ATERIAL DEVELOPMENTS

Fterials and new applications for current mate-

ure a real explosion of new materials in the con-
is expected.
his field can be divided into two main groups:

of

used at:

‘new materials as such. Research for this

materials (e.g. synthetic materials, steal
ment) ;
ite materials (e.g. fibre reinforced concrete,

products with an iron kern).

tions. For example the expansion of appropriate

tics within the construction branch.

developments within the field of materials are
anges in the society in general and in the market
ular: cost reduction, energy saving, low cost

will always find material research as a part of

ther cluster

Materials are
changes in th
seen be possi
For example f
cific fabrica
materials fit

able componen

as
e m
ble
or

tio
wi
ts

already said most of the time the result of
arket demand. These changes must technically

but also materials technically seen.

the introduction of exchangeable components spe-
n techniques have to be developed, but when no

th there techniques the introduction of exchange-

will be impossible.
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In this light material developments must be seen as a
precondition forn flexible automation, prefabrication of composed
components and gxchangeable components.

The relation with energy conservation will be clear too.

Examples of technological developments

- new types agf high quality concrete;

- fibre reinfiorced concrete;

- new types df high quality cement;

- new fillers for concrete;

= new types 9f glue and glueing techniques;

- lightweight] metals;

. materials which are not harmfull for the health and safety
or organism;

- new types gf paint and painting techniques;

- sandwich materials;

- foamed elements;

- synthetic materials in the installation sector;

- "vandalism |proof" materials.

Examples of effects and using possibilities of these developments

- cost reduction;

- energy conservation;

- less labour intensive production;
- noiseless production;

- improvemeny of health and safety.
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nges and consequences as a result of material

developments
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CLUSTER 12. CONSTRUCTION SYSTEMS AND METHODS

Purpose

Developing new ways to realize constructions or part of con-

struction through a new way of building.

Contents

After the second world war a real hausse could be seen with regard
to industrialization and the here with connected construction
systems and methods. Although the character changed with the

time (in the sixties mass fabrication, in the seventies variation
and differentiation) the search for improved and better systems
and methods did|not stop. And this reach has still not stopped.

There are now three main stimuli further development, namely:

1 cost reduction and quality improvement. Because of the smal-
ler budget|of clients throughout the EC; their wishes get a
more and mopre important place within the construction pro-
cess, and so cost reduction as well as quality improvement

get but certainly will get a lot of attention;

2. renovation| and maintenance. Parallel to the decline in the
new building program a growth takes place within the reno-
vation and| maintenance sector. New techniques as well as

new systems and methods are needed to meet this new need;

3. partly becgause of the smaller budget, partly because of the
growth in [leisure time, the do-it-yourself activities show a
certain deyvelopment. These do-it-yourself activity give
cause to the development of new systems and methods (e.g.

building packages, infill etcetera).

The new systems| and methods will not be restricted to technical
aspects, but changes have to be made also in the field of requ-
lations, codes land arrangements, because of the drastical change

a new method brjings about.
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Relations with gther clusters

New ways of building and constructing ask a lot of coordination
between the progess participants because they have to change the
whole content off the construction process within a project: a
strong relation |[can be established with the process coordination.
Indirectly, CAD |systems can be of great help for developing new
systems and methods, while an integration of prefabrication and

process coordingtion may result into new systems and methods.

Examples of technological developments

- wooden formworks;
- aluminimum |structures;
- steel skeletons and structures within the housing industry;

= building packages.

Examples of effects and using possibilities of these developments

- need for new equipment;
- need for new materials;

- more appropriate answer for renovation and maintenance.
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Figure 21.

Possible changes and consequences as a result of construction

systems and methods

Production activitias

Production factors

Supply Design Construction

|
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CLUSTER 13. CONSTRUCTION TOOLS AND EQUIPMENTS

Purpose

Developing new gids for the craftsmen on the site as well as in

the factory.

Contents

Throughout the years the instruments used by craftsmen in the

construction branch have changed drastically. Not that the con-

ventional tools

such as a hammer and a saw are not used anymore,

but a great deal of substitutes are introduced. Developments on

this field must

be seen as the result of driving forces: a change

in technology as well as a change in the demand of the construct-

ion branch may need a new kind of aid or instrument.

Nowadays this becomes clear in the changing volume of the tools

and the equipment: because of the more and more little scale

projects and because of the improved flexibility equipment be-

comes more little scale.

On the other hand tools are becoming more and more professional

because of the technological developments on this field (pneu-

matic and automatic tolls), but also because of the growing mar-

ket of do-it-yourself activities.

Although developments on this field are primarily directed at the

construction ang
aware of these ¢

they can make tl

Relations with ¢

1 supplying firms, the design forms should be
levelopments, because with a thorough knowledge

ne appropriate use of this in their designs.

bpther clusters

When changes| tal
supplied to the

the site as wel

ke place in the way clements or components are
site, the construction tools and equipments on

Il as in the factory will undergo changes.
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So both prefabrication of composed components and exchangeable
components, but |also production processes as flexible automation,
computer aided manufacturing yes or no supported by robots will

influence this c¢luster of developments.

Examples of technological developments

= manipulatoxrs: instruments which enlarge human force;
- pneumatic tools on the site;

- conveyorbelts on the site;

- automatizated equipment;

- wireless communication.

Examples of using possibilities and effects of these developments

- change in taks content for the craftsmen;
- growth in do-it-yourself activities;

- improvement in ergonomics.
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Figure 22.

Possible changeg and consequences as a result of construction

tools and equipments
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Purpose

Providing bettex

in the factory 3

Contents

The health and

3

just a recent one:

in the constTuct

reason. for
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EALTH AND SAFETY

health and safety conditions for craftsmen, both

s well as on the site.

gafety problem in the construction industry is

fifteen years ago it could hardly been found

ion, vocabulary. In addition to the humanitarian

reventing personal injury and loss of life, in-

creased attention to safety and health is also essential to the

long term ec$nomic health of the construction industry:

related to const

directly or

The direct resul

results, which will always

indi

disrupted
administra
clear up a
equipment

adverse| pu

Although princi
£
to the contract
client - the

provide a safe

performance

S

An effective| co
better working
The cost of con
to define, but

costs.

costs
ruction accidents are borne by the principal,

rectly.

t of an accident is obvious, but the indirect

cost money, can for example be:

loss of productivity;

chedules;

ive time for investigations and reports;
d repair;

amage;

licity etcetera.

als have a direct economic stake in the safety
heir contractors - accident costs are an expense

r an dare possed on, one way or another, to the
ould also reinforce their moral commitants to

ork environment.

struction safety program will therefore beside
onditions result in lower job costs.

truction health and safety programs are not easily

sually they amount to about 2,5% of direct labour
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includes:

= safety meetings;

- inspecti

of tools and equipment;

- site inspecgtion;

= use of personal protective equipment;

- health tests and control,

By showing more

juries can be

reduced as well as losses of life,

etcetera.

concern for construction safety, not only in-
but also a lot

of money, needlessly washed by construction accidents.

Relations with other clusters

The cluster of
a quite separate one:
established is
will be clear ng
health and safet

Examples of

tecl

developments on the field of health and safety is

the only obvious relation that can be

that with construction tools and equipment: as

bw this is one of the important parts of the

'y programs.

anological developments

Examples of

effe

scts and using possibilities of these developments

- health and
- productivi

- cost reduc

safety programs;
ty improvement;

tion.

Firms e AnTTeA P A
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Figure 23.
Possible changes and consequences as a result of health and

safety

Production activities

Production factors
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Purpose

Lowering the
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ENERGY CONSERVATION

energy consumption for the production and during the

use of constructions.

Contents

Since the first

has been on the

states.

A part of these

which resulted

the growing ene

of energy sourc

this subject.

Three different

1. research £
well as| in
2. diversific

energy man

for during

Developments

on

plicated by pro

cuted by the

SO

use a specific

or not.

This external i
with this clust

Furthermore it

oftenly seen

as

this case marke

industry.

oil crisis in 1972 the item of energy conservation

research and development program of all EC-member

programs was directed at the construction industry
in special attention for this subject. Because of
rgy prices and because of the fear for a shortage

s in the future the attention is still fixed at

fields of research can be distinguished:

Or more energy saving materials, in the sue as
the production;

ation: research for alternative energy sources;
agement: an energy planning and control method

the use of a construction.

this subject can not just be introduced and ap-
cess participants, but a great influence is exe-
ciety: they determine whether to use of not to

material, and if they want nuclear energy stations

nfluence can be noticed with more clusters, but
er in particular.

should be mentioned that energy conservation is
one of the most important driving forces, and in

t-pull factors for innovations in the construction
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Relations with gther clusters
Energy conservation is a quite single and unique cluster of de-
velopments. Links can be drawn to the material developments and
to the developments within the field of computer systems, but
these relations |are just indirect.
Examples of technological developments
new isolating materials;
energy conscious production methods;
new fuels;
high return boiler;
heating pump;
solar energy;
wind energy;
bio energy
nuclear power (nuclear fision and unclear fusion).
Examples of effects and using possibilities of these developments
energy conscious design;
energy consgcious production;
integration of energy conservation and other characteristics
within one|component (e.g. foamed materials which are hight,
structural|and energy saving clements).
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Figure 24.

Possible changes and consequences as a result of energy con-

servation
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THER DEVELOPMENTS

ion industry in general but in the civil en-
ry in particular a lot of technological changes
nique developments. The purpose of the civil

ch can be summarized as:

the land against the water;
n of harbours and searoutes (channels etc.);
n, use and maintenance of the roads;

n of artificial works such as viaducts, sea tun-

echnological developments within these purposes

m by means of the examples of technological de-

lastic folies for the protection of roads, barks
toms;

roadsurfaces e.g. with synthetic grinds;
)\d conservation techniques for protection of con-
and construction surfaces;

registrating the changes within the waterlevel;
igainst waterpollution;
le: techniques to clear polluted earth.
ingle technological change is the development of
constructions are demolished, grindled and used

»r material for concrete, asphalt etcetera.

jeneral opinion stives more and more for an effec-

me use of materials.
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