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Figure 8.1. The development of human-machine technologies

A hammer is a well-known piece of equipment on the construction site. To use it, a worker needs to
put in energy and control. Lifting tools have various degrees of development. Simple lifting tools
are, for example, chains that cénduct the weight of the element to the crane’s hoist (Figure 8.2, left).
More advanced lifting tools can give the element the right position or transport the load to a difficult
place (Figure 8.2, right). An automatic floor finishing machine can be programmed, the worker has
to switch a button and it will do its work. The worker does not have to put in energy and control to
finish the floor.

. < d ili' \‘.“.. -I .
Figure 8.2. Lifting tools’.

8.4 State-of-the-art

A hammer is a tool that has the same shape, wherever in the whole world it is used. Collecting
hammers will not give any new ideas about how to use them. A floor finishing machine is a
specialised piece of equipment that can only be used for one activity. The main task is to finish. the
floor, and differences between these machines are in their cost. They can only be used in very large
projects, otherwise they are too expensive.

! Montagebau, S. Ludewig (left), RECO Tradecompany (right).
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To make a useful state-of-the-art model for a human-machine technelogy, the equipment should;
»  be used all over the world;

* be used in several processes on the construction site;

* play a important role in the engineering process;

v accomplish different tasks in the engineering process.

The state-of-the-art model should:
e give a survey of applied technologies of that particular tool in countries all over the world,
» be a database that can be consuited to solve a construction problem (Figure 8.3).

input of a new
technology

Construction problem

on the site

N

selection technology
—> {0 solve the problem

state-of-the-art of
a human-machine
technology

Figure 8.3, The state-of-the-art model as a storage facility for applied lifting tools.

8.5 Lifting tools

One human-machine technology that fulfils these demands is that of lifting tools. Lifting tools will
be collected to make a state-of-the-art model. Construction engineers can consult the state-of-the-art
model to choose a proper lifting tool for a situation on the construction site.

At this moment, there are no catalogues of lifting tocls, only surveys of elements of lifting tools,
such as:

e spreader beams;

¢ equaliser beams;
e chains;

¢ hooks;

o lifting frames.

With these elements, a lifting tool can be composed. A smart lifting tool is a combination of
different elements. For the project, I collected many kinds of lifting tools. Pictures of lifting tools in
magazines, books, from the internet and information from construction companies were collected.

All these lifting tools must be saved in a database. It’s important to choose the right keywords so the
user can consult the database efficiently, The collected lifting tools can be saved by saving their
parts or their possibilities. By saving them by parts, the user can compose a new lifting tool out of
the collected parts. In the preparation to construct a building, it is not important how the lifting tool
looks, but what its possibilities are. A better way to collect lifting tools is to describe what tasks it
can folfil.
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8.6 Example situation
An example situation shows how a state-of-the-art mode} can be consulted. The situation shows the
assembly of a prefab wail (Figure 8.4).

R J J J
- ? ? ?

|] ] |
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pick up transport | | position pick off

Figure 8.4. Lifting a prefab wall between floors.

The assembly process can be divided into four main activities:
e picking up the element;

e transporting it into its general position;

* positioning the element in the final position;

» picking off the lifting tool.

The lifting tools are collected by tasks. The process engineer has to describe the situation on the
construction site in keywords. The state-of-the-art model can compare the keywords of the situation
with the keywords of the collected lifting tools.

The situation can be described by the following keywords:
¢ prefab wall;

pick off the truck;

transport between floors;

¢ positiening by gravity.

Lifting tools that are described by the same keywords will be selected and shown to the process
engineer. He or she can decide if the example(s) is (are} a solution for the problem on the site.

The more lifting tools are collected, the more examples the state-of-the-art model will give. The
lifting tools shown must be adjusted to the particular situation. The state-of-the-art model only gives

examples of lifting tools used in a similar situation as described by the keywords.

A solution for this situation can be a lifting tool consisting of a spreader with a counterweight
(Figure 8.5).
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Figure 8.5. A solution for a lifting problem.

8.7 Conclusions

To make a state-of-the-art model of applied human-machine technologies on construction sites all

over the world, the following remarks must be considered:

o astate-of-the-art model is only useful when it can be consulted in the construction engineering
Process;

¢ its not useful for all kinds of human-machine technologies to make a state-of-the-art model .
Some human-machine technologies have already been included in a state-of-the-art model ;

e human-machine technologies must be described by keywords which show their possibilities.
How they look does not matter.

e the process in which the human-machine technology 1s used must be investigated to draw up the
proper keywords;

* o keep the state-of-the-art model up to date, a network of people all over the world must be
organised;

¢ one of the people in the network is responsible for maintaining the state-of-the-art.

This project is only an example to give structure to the process of making a state-of-the-art model of
a human-machine technology.

8.8 Current situation

The project has now been completed, the final presentation took place on August 25th 1998. The
final result is an information system that can be used to collect and consult lifting tools. In addition
to a theoretical design, there is an application in ‘Microsoft Excel 5.0°. Per activity, keywords can
be filled up. The keywords will be matched with the keywords in the database. The result is a list of
lifting tools that can probably be used in the situation described on the construction site. The list is a
picture of the lifting tools with all the keywords and background information. Background
information could be, for example, the company which used the lifting tool, a phone number or
details about the lifting tool’s construction.
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9. Research Projects TG27 members

At the meeting in Munich, the kind of research the members of TG27 would like to accomplish was

discussed. The discussion threw up in four themes:

Table 9.1 Research project TG27 members

Fields of Research
Themes

Relationship Architecture and Construction. {methods)
m Design by Assembling

®m Building Systems

B Sustainability

|

Communication in and around Construction Sites. (information)
B Equipment

B Protocol

|

Labour and Equipment on the Construction Site.
(subsystems).

¥ Mechanisation

B Robotisation

E Interfaces

u

Organisational Aspects for Construction Sites.
® Simulation Building Process

B Design Tools

B Technological Developments

These four themes we want to use to structure the research projects. We have asked the members to

inform the secretary of TG27 about her research projects. The received information will be placed

on the Internet.
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R+D Project outline,

Chair for construcion planning, technology, management and informatics, TU Munich,
Arcisstr. 21, D 80290 Munich, Germany, Prof. Dr.-Ing. T. Bock

1989:

Development of a gantry robot for the assembly of customary form stones.

Development of 2 modular robot control system.

Foundation of the Steinbeis Transferzentrum “Robotics and Automation in Construction” with support of the
ministry of trade and commerce.

1990:

Integration in the CAD/CAM-Program of Baden-Wiirttemberg.
Project: CAD/CAM applications in construction.

1991:

Study for a Japanese firm producing building machinery: potential for automation of construction in Western
Europe,
Further development of the gantry robot system.

1992:

CAD/CAM
Acquiration and beginning of the European research project ROCCO:; develepment of 2 semi-autonomous
mobile building assembly robot.

1993:

ROCCO - Robot Assembly System for Computer Integrated Construction

CAD/CAM

Research assignment from the Allgemeine Industrieforschung AIF: Development of a building construction
system for the aufomatic assembly of stones without binder.

1994:

ROCCO - Robot Assembly System for Computer Integrated Construction
CAD/CAM
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The chair for construction planning, engineering and informatics:

The targets are future oriented methods of construction which applicate automation.

Prof. Dr. Ing. / Univ. Tokyo Thomas Bock collaborated in the years 1984 with the Association "ddvanced
Construction Technology” of the MITI (Ministry of International Trade and Industry) on the development , the
design, the testing of SMAS (Solid Material Assembly System). He also was member of the Assoctation
“Robolic - Production Technology” of the Japanese society of architects and a part-time job in the Robot
Engineering Group in the research department of SHIMIZU (at this time one of the largest construction firms
in the world). He did his doctorate on the theme “dufomatic and Robotic Construction”

The chair employs three scientific full-time employees and some part time employees.

Research Projects

ROD (Robot Oriented design)

Crucial for the practical design of building parts and an automatic assembly in construction is the development
of details that facilitate the application of automation in the means of functionality assembly and production
criteria,

Prof. Bock named the practical design mentioned before ROD (Robot Orienfed design) and published it
{Bock88,1], [Bock88,2], [Bock90]. The target of this study was the developrment of guidelines for planning of
consiruction systems that facilitate the application of robots and automation systems.

Because the lion share of the costs of construction is fixed in an early stage of planning, the final assembiy
tasks on-site are considered in the beginning of ptanning and an early stage of development of buildings.
This systematic action for the first time was successfully applied in the design of building parts for the "Solid
Material Assembly System". The WASCOR group, an amalgamation of twelve building contractors and
producers of construction machinery at Waseda-University and several research departments of Japanese
building contractors (Qhbayashi, Takenaka, Shimizu) are developing automatic construction systems for
structural engineering since 1988 following the guidelines of ROD.

Design analysis for ROD

Based on the ROD-concept a design analysis of wing assembly elements for ROD was suggested in [Bock89].
These wing assembly elements are beams and pillars which are fitted with connecting systems. To archive this
a systematic method for the analysis of constructive and structural connecting systems is proposed. The target is
the development of guidelines for design which can be used to facilitate automation in building and rebuilding,

SMAS (Solid Material Assembly System)

The systematic methods of ROD was applied in the development of building parts for SMAS {IgBo87] on
which Prof. Bock worked during his research in Japan. The target of SMAS was the "Automatic Masonry".
The SMAS assembled clements of the size 30 cm * 30 ¢ * 18 cm using a robot. These elemsnts optimized for
assembly are to be fixed 10 to 15 times faster than conventional masonry with the use of an industrial robot.
One problem was that every masonry in Japan has to be reinforced because of the danger of earthquakes. A
robot which should be able to lay conventional bricks must have the abilities to handle stones, apply mortar and
to insert vertical and horizontal reinforcement. The problem of the application of maortar was solved by the
production of exactly measured stones. The reinforcement of the masonry was replaced by the integration of the
reinforcement in each brick.

The exactly measured blocks were produced by NTHON-block following the plans of Prof. Bock. To achieve
this, existing concrete-stones were redesigned after the methods of ROD, The construction elements are fitted
with self adjusting mechanism. They are designed to be handled , positioned, adjusted and fixed as fast as
possible.
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Analysis to the stage of research in France

The stage of research and technical of construction robotics in France was examined in a study for the "Cenire
de Robofigue Integrée Ile de France” (CRIIF) in Paris.To achieve this all accessible activities, projects and
programs of the French industry and the French government were analysed [Bock88,3].

Market analysis of cranes

In [Neub92]a market analysis on cranes was made in order to find out which could be integrated in a vertically
adjustable scaffolding. Tt is surprising that there are generally only four different designs. These are a mini
crane {a turnable boom with a crab) a SCARA-kirematics, a parallelogram boom and a supple boom.

The choice made was a horizontally moveable SCARA~construction which was mounted in the middle of the
scaffolding. A chainlink at the end of the boom was used for lifting. It has to be mentioned that these are
manual operated manipulators,

Robot simulation

The simulation of different robot kinematics was made several times with the RobCAD system at the institute,
These models would also be available for the applied research project. They make a comfortable off-line
programming possible. Therefore the robot will be teached on the computer screen. The work routine is
visualised on screen and can directly be transmitted in a robot program in IRDATA-code. Especially logistics
and assembly could be simulated clearfy. Assembly elements and their functionality can also be simulated.

Steering of a Fanuc-robot with the use of simulation data

This project served to connect the RobCAD simulation system with a SCARA-robot GMFanue A600 and a
KAREL contreller with direct PC link using the TDL robot code. The realisation of the data transmission
included the exemplary off line programming of a depalettization event with the GMFannc A600 using the
RobCAD system [Sinz92]

Guidance control of an FTS

Along with the Berghof firm the institute collected experience in the technical of FTS (automatic guided
vehicles) concerning kinematics, navigation guidance control and design of a control of corditions. The
kinematics of vehicles known for automatic movement in plain sheds are not researched for construction site
movement. such a kinematics was developed, but further alternatives should be worked out.

Automation of tower cranes

Together with Bilfinger & Berger and MAN experiences were made in the sector of cranes which are crucial for
the building and construction industry. The emphasis [aid on the standardisation of mechanical plibale position
control system, the automatic control of state design of pliable systems and the integrated unlink control of
asynchrony motors.
The use of controls of state is difficult, because they are based on mathematic models of the process which
should be controlled.
The standardisation made it possible to describe all important robot-axels with mechanical pliability with a
differential calculus of 4th or 5th order which are of the same shape and therefore share the same solution.
Important examples are; + crane-traversemechanism (rope)

*  crane-rotaion gear (rope)

+ crantower {torsional oscillation)

+ linear robot axle (flexural vibration)

* pinion in linear robet modules (longitsdinal oscillation)
The theory of control of condition Was developed in the sixtics. The suitability for mechanically pliable systems
(also concerning fuzzy} was proved. Because of the complications with their putting into operation they can not
be found in any robot control system all over the world (ROCCO suzrvey Balgauer 1992).
The problem was solved by developing a purely digital control method which needs no identification of
surrounding analogue number of revs control systems.

Technische Universitdt Miinchen, Fakultdt for Architekwur, tehrstubl fOr Baurealisierung #
Bauinformatik, Prof. Dr.-Ing./Univ. Tokio Thomas Bock, D 80290 Mdanchen, Fon +49{0189 289
22100, Fax +49({0)89 289 22102, e-mail: bock @ ilk.de '



The design of control of condition is based on mathematic models of control systems. This task of optimization
is given by a equation which is the result of the description of the system. But she is not linear and of double
order. To find her solution numeric processes are used which work with iterative methods which need unknown
calculation time. If they are applied for adaption in a robot control system the robot could possibly change faster
his position than his control system does. This problem was removed by solving the differential calculus
analytically.

Studies

a) Possibility of automation of construction process in Germany by modification of existing
Japanese construction system

b) Market study on the possible use of fagade robots

c) Comparison of German and Japanese planning and construction course

ATF - Project: ""Joining of stones without binder"

a) Prefabrication robot

A reprogrammable control was developed [Leyh93), [Lehy94], [Grot93] and is used as a test object for several
research and development tasks in construction with depend on the possibility of fiexible motion programming
for the robot The machine is suited for the assembly of form stones as dry stone [LeGro4,1], [LeGr94,2]. The
system consists of a gantry robot a station for the handing over of construction materials delivered and several
claw systems. This gantry robot is a good priced modular design which was self-developed. It consists of
customary parts like a user configurate system which includes linear elements, servonotors, amplifiers and a
VME bus system. The interfaces are fitted with standardised plugs which were developed at the institute to
support the modular design.

Several periphery electronics for signal processing like the emergency stop was self designed. A self developed
modular software on 2 PC is used for hybrid! control. he system is designed to allow the construction of
customary masonxy sections (6,9m * 4,9m * 2,5m). Concepts for the needed robot technology and the assembly
operations which were theoretically worked out were tested and derived further development [LeGro4,1],
fLeGro4,2].

b) Hybrid construction control

Derivations from the planned operations must be considered when assembling building parts. They have to be
detected by the sensors of the crew to shift the robot control from automatic to manual mode. The probiem has
then to be solved by the crew controlling the robot with a joystick. The shifting back to automatic mode is
difficult, because only some robot instructions are suited for a re-entry in the program course. In a assembly
sequence depalettizing operations are a possible re-entry, because the user is able to decide whether to shift one
of the last {(changed out} elements or turn back to automatic when assembling the next building part.

The robot control software is given as a source-code in a standard language. It is easy to change the software to
control a different grab system, because of the modular design. Strong emphasis was laid on including the data
from the sensors in the control software.

c) Construction part design suited for automation

In [BoBIGe%2] guidelines for automation suitable planning and design were published.

self-equalizing ard error tolerant structures of building parts regarding handling and assembly were developed
and tested after the rufes described in [LeGro4,1], [LeGr94,2], {Grot93]. The inflicted components are grabs and
assembly elements. They are used for "dutomatic assembly of customary form stones” .

The building parts produced following rules mentioned before could easily and fast be dismantled and sorted.
The costly separation of the building rubble would no longer be needed because of the exclusive use of the
removable joints. This would also be suppost recycling. The dismantling could (like the assembling) be done by
using a tele-operated construction robot This includes the possibility te leave human workers out of the
dangerous and hazardous field of work. costly safety measures would no longer be needed.

tautomatic or manual control possibl
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d) Development of end-effectors

Manipulators are characterised through the interaction between the end-effectors and the construction material.
The task of the end-effectors is to generate this interaction. The flexdbility, interaction and reliability of the end-
effectors are very important for the workability of the developed assembly procedure.

Becanse of the need for task specific grabs, three different grabs were designed and built [Grot93]. They could
be used for the research project applied for.

e} Observer-draft (substitution of sensor)

An observer of the conditions (digital Kalmanfilter) was implemented to avoid the use of costly force and
momentum sensors. This algorithm is able to estimate the oceurring forces using the data of the existing
measurements (position, velocity, motor current).

f) Assembly procedures: " Joining of stones without binder"
Examination of grabbing and joining operations

The application of the robot system owned by the IMB for the automatic assembly of customary form stones
was described in [LeGr94,2]. The essay is divided into three sections.

The first part ]JLeyh%4] dealt with the techniques of the devices, the second [LeGr94,1] with the assembiy
elements and the third part [LeGr24,2] with the experimental trial. Form stones are assembled without binder
and afterwards filled with mortar. The form stones used are produced by GISOTON and are characterised
through small tolerances (0,5mm) and are fitted with conical and oval gaps This features favour automatic
handling fundamentally.

The project visualises the problems in the automatic assembly of construction pants when using customary
elements and helps to solve them. The combination of the individuat assembly components (assembly element,
robot grab, robot kinematics, sensors, controls) is crucial in this case.

ROCCO - Project

The Robot Assembly Systemt for Computer Integrated Construction short ROCCO (ESPRIT T 6450) is a
research project supported by the EC and has the main objective to develop an autonomous, mebile robot for the
assembly of masonry on sit, Awtomation of construction site procedures is made possible by the use of the
concept Computer Integrated Construction.

The ROCCO-project serves as a basis for the use of robots in the reatisation of individually planned buildings.
Main objective is the development of an automation system which includes all areas of planning and
preparation of work from the optimized prefabrication of parts to the execution on site. With such a system,
productivity and humanity of jobs on site would be improved [BoGeSt93]. The project has been completed in
97. Up to now 3 units of the ROCCO robot have been sold on the market,

Planning of the movement and avoidance of collisions of a robot

In this research project a robot should be used to automatically assemble walls. Typical probiems like grabbing
the load, transportation to the destination and positioning of the part have to be solved. The movement should
avoid collisions. The rcbot must react to avoid collisions if dynamic objects come in the course of movement.
A overall view of the existing motion planners is given in this essay.. The tasks can be divided in normal
algorithms, neuronal nets and genctic algorithms [Alic94].

Facade-Service-Implement
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Since 1933 the department " Automation " has done research on the field of half -respectively full-antomatical
maintenance of fagades under difrent surface-conditions:

Fields of examination are:

+  Height reaching devices

«  Ergonomic investigation of facade maintenance

»  Cleaning and maintenance methods of different facade surfaces

»  Prerequisites for the use of automatic or telemanipulated facade maintenance devices

+  Feasability, marketability

»  Testing and control by simulation

Aim of the researching-efforts is the development of a semi-automatical facade-service implement for the
maintenance and diagnostics of skycraper- fagades and other areas of building which are accessible from
outside. The implement shall be programmable as well as navigateable by remote-control, and it shall be
flexible concerning the tasks (cleaning, diagnostics by camera, maintenance, ...) and the use (suitability for
buildings already existing).

Beside first studies concerning the pracability several computersimulations about possible kinematics and
working-processes were worked out at the department,

Together with the firm "TAW-Héhenzugangsplanung” from Hamburg, a working pool called "Fassade" was
founded to support the research-project and the purpose of information-exchange.

Both institutions are partner in a consortium, which has applied to the European research-program
"BritcEuram" for support in the development of a fagade-service implement. The application was submitted to
the 4th framework with the title "SAFEMAITD (Semiautonomous Fagade Maintenance Device), numbered BE
95-1487.

Furthermore, there were two national research applications supporting the project-idea in work.

References:

Roboter und Telemanipulatoren fitr Reinigungs-, Inspektions-, und Wartungsaufgaben an Fassaden und auf
Dachbereichen; in: Deutsches Architektenblatt; 11/93

Innnovative Fassadentechnologie - Fassadenroboter fiir Montage, Diagnostik, Instandhaitung; Kongref:
Internationales Forum Innovative Fassadentechnologie; 2. und 4. November 1994

Fassadeninstandhaltung - Notwendigkeiten und Moglichkeiten, Corrputer & Bauen; Miinchen; 6/95

Information-Logistic

The interdisciplinary project started in 1995 and had a term of two years with the possibility of being
prolenged. Seven institutes coming from the fields of mechanical engineering, information science,
constructional engineering and architecture are taking part in the project.

In the applied project, a concept of a more efficient Infologistic shall be worked out, so that the communication-
structures, especially inside and in/between the middle class firms, can be improved significantly, Development
of methods and services for the parallel planning and for the keeping of datas are the targets of that program. In
cooperation with the industry, the results of this project will be verified. The research project shall supersede the
focal point CAD/ CAM running since 1985, The aim of this focal point was the interdiscipiiary exploration of
the CAD/ CAM technology in order to make students and the industry acquainted with this technology. The
new focal point Infologistic will put emphasis on the organisational aspects of the information processing. The
succesfull cooperation of sveral institites at the university of Karlsruhe shall be continued.

Automation in road construction

The present degree of automation, especially concerning machines for floor compacting and machines for
asphaltsurfacings are being researched in several studies.

Together with partners from other European contries a research-proposal concerning the further development
of machines for the road construction called CIRC (Computer Integrated Road Construction) was submitted to
the "BriteEuram”-program of the European Commision. In this workingprocess optimizing planning data and
measuring of the preduction-process shall be prepared, so that the operator can navigate the road-constniction-
machine in optimal and with an optimum of quality. The department will be responsible for the preparation of
planning data for the operator, ie. producing the shell. and preparing the planning- and process-data in a record
for an QFF-line anlaysis for the production process.

Software-Laboratory
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For the purpose of establishing a software-laboratory a consortium of proffesorships of the faculties mechanical
engineering, architecture, information sience and economics. The aim of the laboratory is an improvement in
transfer of softwaretechnologies by organizing a cooperation of univeristy and industry. The transfer extends on
two levels:

1) production of practiable software-solutionsfor problems in cooperation between firms and
university-partners of different fields of kmowledge
2) continuation of the engineer’s studies by courses and by project-cooperation.

A demonstration laboratory offers the opportunity for interested people from the industry to inform themselves
about the efficiency of selected software solutions in the field of standard- and special-software.

Aim of this project is the simulation of several building processes for individually planned buildings. This
allowes a check of the feasablity of the plan and therefore avoids expensive misplannings. Furthermore,
different mechanization variants of building activity can be researched by simulation. Such a simulation is
called a "Virtuelle Baustelle" (virtual constrcution site). Apart from the already mentioned avoidance of
planning-rnistakes, it has got another function in the gradual installation of (partly) mechanized aids, which at
this time are very hard to plan (because of the mostly hybrid human/mechanical working method}; visalization
and simulation of building processes could improve that.

Automation of housing production

Presently an international study is being carried out to analyze the state of art of industrialized housing
production and ist potential for providing low cost affordable housing in Germany where the ownership ratio is
very low compared to other european countries.

Robotization of wooden elements prefabrication

Presently a study is carried out among national wood construction companies to investigate the future potential
of robotic prefabrication of wooden houses.

1998 T.Bock
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Appendix C Sheets Presentation Information
System Lifting Tools
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State-of-the-art

of human-machine technologies
on consiruction sites

Presentation by Arko Heitbrink

S TG27 &
introduction

» what are human-machine technologies?
» what is a state-of-the-art?

Muonich, Aprit 2, 1998 z
G 1G27 a8 S TG27 &B
Introduction Human-machine fechnologies
» human-machine technologies are fools Endray Mactine
which are used by a worker on the G[ A hammer
construction site 100%| ® B lifting tools
B
®-O’
% i C automatic floor
A finishing machine
@
£~ Control Machh
 Munich, Aprit 2, 1898 3 Munich, Apd! 2, 1998 *
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State-of-the-art

» a state-of-the-art is (in this context) a:
—suyvey of lifting tools applied in countries
all over the world
- database to consuit fting toofs to solve a
construction problem

Munich, Apiil 2, 1998 #

SE 1627 &8
State-of-the-art

input of new
technologie

¥

construction probiem
on the site

siate-of-the-art of \

one human-maching | =e——
technology

selection
fechnology to
solve the problem

Munich, Apnl 2, 1998 1o
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Example situation

1
I Wil

pIcK up transport | | position pick off

+ the assembly process of a prefab wall

Murich, Aprit 2, 1998 n

S TG27 &b

The assembly process of a prefab wall

« the assembly process
~ i dynamic
- consists of different partial processes
— changes during engineering the process

Munich, Api 2, 1998 12
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State-of-the-art

« the state-of-the-art
—is static

—is a list of applied #fting tools, described by
a range of keywords

S TG27 &B
State-of-the-art

classification of
consfruction problems

N

fit of classifications =

classification of
technologies

solution of the problem

Munich, Aprit 2, 1998 13 Munich, Aprit 2, 1998 s
SR TG27 éB ST TG27 B
The assembly process of a prefab wall

+ keywords of the construction problem in
this example

~ prefab wall

- pick on off the truck

~ transport between floors
- positioning by gravity

The assembly process of a prefab wall

» keywords of the technology in this
situation

—can lift prefab elements
— can [ift eccentrically
—can position by gravity

Munich, Apnl 2, 1998 s Munich, Aprif 2, 1998 1w
R TG27 a8 SEE TG27 &
The assembiy process of a prefab wall

] 1
s
gpoo|con
transpatt | | positton pick off

» solution of the construction problem

Munich, Apri 2, 1998 "

Conclusions

» the state-of-the-an is a database which
¢an be consulted

+ the hurman-machine technologies need
to be classified by keywords

» to have benefit of the state-of-the-art the
construction preblems also need to be
classified in keywords

Munich, Apelf 2, 1948 1’
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Appendix D Information about CIB



International Council for Research and Innovation in
Building and Construction

CIB General Secretariat:

Office address: Kruispiein 25-G tel: +31.10.411 02 40
3014 DB Rotterdam fax: +31.10.433 4372

Postal address: P.O. Box 1837 e-mail:  secretariati@cibworld.nl
3000 BV Rotterdam http/fwww.cibworld.nl

The Netherlands

CIB is a world wide network of over 5000 experts from about 500 organisations, who
aclively cooperate and exchange information in over 50 Commissions and Task
Groups. Their scopes extend to all fields in building and construction related research

and development. They are listed on the next page.

They are actively engaged in initiating projects for R&D and information exchange,
organising workshops, symposia and congresses and producing publications of

acknowledged global repute.

It is in their ability to bring a mulfi-national and multi-disciplinary approach to bear on

the subject matter delineated in their Terms of Reference that is their strength.

ClIB Members come from institutes, companies, partnerships and other types of
organisations as well as individual experts involved in research or in the transfer or

application of research results. More than 130 Universities worldwide have joined.

CIB is an Association that utilises the collective expertise of its membership to foster
innovations and fto create workable solutions to technical, economic, social and

organisational problems within its competence.

Details on Membership and Activities are obtainable from the General Secretariat at

the address above.





