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ABSTRACT

work are included with an example and a brief analysis of the results obtained. The
example chosen is that of reinforced concrete columns and the results are used in a
discussion of the issues facing the research in addressing the company's interests.



BACKGROUND

identified by brain storming (3) or systematic examination for possible adaptation to

robotization (7). Several points emerge from the methods which would limit their
application to this research:

or even standardization could be overlooked because of the other tasks within that
category being clearly unsuited to further development.

* The selection of the construction processes does not necessarily reflect those areas
that require review within a particular organization.

* The classification Systems assume that robots would perform a pivotal role in the
automation of existing construction processes (8). (This presumes that complex
tasks could not be redesigned, either to aid automation or to reduce the difficulties
and hazards of the task.)

One aim of this research is therefore the development of a task identification system
which would enable the work undertaken by the company to be examined in more discrete

categories than previously. This would facilitate the assessment of:

¢ which tasks or building elements could be simplified or standardized,
~» which tasks could be automated,
* which tasks were of sufficient significance in terms of volume, cost or disruption to
Wwarrant developing alternative, possibly automated, construction methods.

METHODOLOGY

A method of developing a task identification System for this research has been

proposed and data has been collected to aid its dcv;lopment._ The frequency and

reconfiguration of an existing construction process, the development of a standard
component or the production of a guide recommending design parameters.

Figure 1 illustrates the adopted approach to data collection and analysis. The

approach is designed to enable a ful] review of relevant criteria to be carried out and can be
considered in three main categories: Labour, Costs and Quantities and Design.
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they are due, for example,to complex or unique details or to the high costs of

The following section of the paper is concerned with outlining general aspects of data
collection and the particular method for collecting information about one component of g
building's structure. Thig enables a preliminary assessment of the feasibility of automating
or standardizing either the entire component or a discrete element of it to be undertaken.

COMPONENT DATA COLLECTION

* the variety of shapes for that component,

* the frequency of their occurrence,

* the number and type of elements that form the component,
* the frequency and form of any special features,

* Sections A-E provide global information op the size and shape of the columns,
from which it is possible to determine whether sufficient repetition of size and type
occurs to make the development of Standardized formwork or precast system
viable. It also provides information on the degree of adjustment that a modular
System would require,

* Sections B and C provide a concise method of recording special information. For
example a 'V' shaped column or a splayed head column could both be simply
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°

°

isolation, it is generally beneficial to cross refer
given loading conditions, there are variations

The horizontal floor distance is measured from the nearest major floor opening or
vertical element (excluding adjoining columns or upstands of less than 150mm).

Horizeontal Clear Distance (m)

0-2 2-4 4-6 6-8 8+
Height 0-2 2 4 4 4 4
of 2-4 1 3 4 4 4
Column 4-¢ 0 1 2 3 3
(m) 6-8 0 0 1 2 2

Table 1 - Ease of Access

Section G records the quality of finish required and conforms to a recommended
specification method.

Section H records the inclusion of special features within the columns, such as
conduits, slots for masonry fixings and corner guards for protection from vehicle
impact. This information assists in determining what restrictions to impose on the
design and operation of a standardized or automated system.

Section I classifies the elements of the column that affect the ease of redesign, and
has been divided into four main parts, illustrated at the bottom of Figure 2:

Parts A and B are concerned with the shape and position of the column
respectively. For example, a column that is built integrally with an upstand wall
(A0) would greatly complicate the provision of either a standardized formwork
System or an automated assembly process, whilst a column that is positioned on the
edge of the structure (A3) would require a different method of formwork assembly,
and robotic and tolerance control than a simply positioned column (A4, B4). Ifa
column were positioned so that it immediately adjoined an existing wall (B1), this
would prevent the use of standardized formwork and necessitate special
programming of an assembly robot in order to manipulate the materials in the
restricted space and also to adjust its operations to suit the as-built positions of the
adjoining components.

Part C classifies the main column reinforcement in order to help determine
whether the reinforcement is suitable for automated prefabrication using a cage
fabrication system.

Part D classifies the arrangement of reinforcing links in accordance with BS
4466 (11) and categorizes them in accordance with the difficulty that their shape
might cause in automated fabrication ({12).

Sections J and K provide supporting information to the previous section and
indicate the number, size and weight of materials to be handled.
Sections L to N are used to record the loadings imposed on the columns.

Whilst the data contained within each of these sections may be considered in
ence. For example, it may be found that, for
in column sizes. Overcoming this could

make an automated fabrication system economically viable.

DATA ANALYSIS

The data collection form (Figure 2) has been used to record information on 1120
columns from three separate projects, yiel

ding some key results which are detailed below:

Seventy percent of columns are designed with complex link arrangements

(Section I, categories D1 and D2) which are uniformly light in both size and
distribution.
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* Eighty percent of columns are designed with heavy (T32 or greater)
reinforcement, which is required to be bent in ninety percent of cases.
Automating this would require technology capable of manipulating and orientating
heavy components.

* Sixty percent of all columns are built on the edge of slabs or adjoining upstands
and walls.

* No apparent uniformity in size or shape of columns exists.

DISCUSSION

The results obtained from this initial survey represent the current situation on many
building projects where in situ concrete construction techniques are used in so far as design
details rarely consider the use of automated construction techniques or even manual
buildability. The information gathered could therefore be used to assist in rationalizing the
range of building elements (10) and in preparing a set of preferred design parameters to
maximize the usage of advantageous construction methods (13).

Each of the results listed above highlights areas where standardised, possibly
automated, techniques could be deployed. These areas are:

* Standardisation of link reinforcement,

* Design using unbent heavy bars,

* Eliminating complications with connecting members,
* Standardisation of shapes of columns.

These points are similar to many which could be made about other areas of work and
serve to illustrate a limitation from a contractor's point of view. This limitation is the
separation of the design, manufacture and construction teams, which prevents the
introduction of innovative construction methods and even the simplification of designs to
aid conventional construction (14).

Despite this the study should also be able to identify aspects of a contractor's work
where automation or robotization will yield real benefits to the company and give an
acceptable return on its investment. The method of data collection has been specifically
designed with this in mind. When the whole spectrum of data analysis is more advanced it
will be possible to see benefits in the following areas: .

* low level labour saving technology,
* partial or entire automation of tasks,
* high level robotization.

Labour saving technology could be directed towards getting tasks done faster or by
fewer people or by different types of employee (e.g. women, less skilled workers or highly
trained workers). At the lowest level, developments would simply involve makin g
improvements to familiar manual tasks. In relation to reinforced concrete column
construction, possible areas to consider on technical grounds would be the bending, fixin g
or transporting of reinforcement, the placing or vibrating of concrete, and the fixing or
handling of formwork.

It should also be remembered that economic considerations of the uptake on
developments are important, so proposals which could be implemented manually as well as

through automation, or which could be used on a range of components, could increase the
viability of the development.

CONCLUSION

. This Paper has introduced an approach for assisting a major construction company to
identify aspects of its work which could benefit from automation or robotization. It has



referenced several articles of a more general nature in reaching its proposed methodology.
The intensive data collection method required should be linked with information obtained
from other sources, both to ensure that the resultant information is appropriately directed
and so that any further development work reflects the company's future perceived needs.

More specifically the Paper describes a method of examining the composition of a
component of work and of identifying the technical problems that would limit the
1 tion of an alternative construction method. The selection of tasks to be subjected to
this form of examination should be based upon first having examined the associated labour,

plant and materials Trequirements and secondly knowing the frequency with which the task
is undertaken. The resultant information may then be used in one of three ways:

By im
aspects of the company's operations could benefit from either automation or standardization
and to develop the performance requirements of proposed systems.
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