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Abstracl. The research proposed here |5 the subpect of 3 substantial research grant from EFSREC (IMECMEF)
and aams o develop a prtolype application for evalustion, visualisation and optimisation of consinaction
schedules within a vimaal realty imerfoce, callad The Viemal Corsrrucrion Sie [ WIRCON).

The buibidang block of coktmction plonsing methodobogy is the task. The areay of tasks provides the work
berakalown sivotane; the lemporal sequencing of tasks iy the core af CPAS o the restuscing of Lasks
prowvides the impull costs of e worls, However, what is asually ignored in curent methodologies is the fact
ithe exscution of olher tsks, or the movement of resowrces between different task execution space. Spatial
diowmain is crifical o construction projects and @t preseni the spatial dimension is freated nimigively by
caperienced planners. VR technigues offer considersble poiemiis] for visuslising snd analvsing the spatial and
temporal daseribution of tasks g inform the decision making process. In this context, the ultimabe aim of the
project is i provide a deskicp strategic decision support ool which will alkoes: planners o rsde ofT the
termpoenl segueeacing of taak with their spastial distribation. The result weould be o more robust and rehearsed

project sehoiuale.
The paper outlines progress lo-dale and future developmesnls of the V1RO project.
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1. Introduction

Construction planning is the process of defining and identifving construction tasks, their
dependency and resources needed to deliver a construction project. As construction pmpm
are unigue, a perfect plan of a construction project is often achieved afier the project is
finally completed and delivered. New Civil Engineer (5/1 1/98) reporied that the
construction industry “practised on its customers” time and money.” It is apparent that the
need for rehearsing processes before construction starts is imporiant o mecting Egan
targets. The proposed research will build on work by the collaborators and elsewhere which
has advanced the visualisation of task sequences beyond the Ganit chart, while adding a
new dimension to construction planning, that of critical space analvsis. The aim wall be o
provide a ol which will allow planners to trade off the temporal sequencing of tasks with
their spatial distribution. The resalt will be a more robust and rehearsed project schedule. It
hats been developed in response (o the realisation that there is a looming skills gap in the
construction industry amongst those with the expertise to plan major construction projects,
and that there are a range of technical opportunities becoming available which may make it
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possible to bring computing 1o bear on what has until now been a task that is only tractable
by experienced and expert personnel. Thus the rescarch proposed here aims to develop a
prototype application for evaluation, visualisation and optimisation of construction
schedules within a vinual realty interface, called The Virtual Construction Site (VIRCON).

The UK construction industry has been experiencing fundamental changes in delivering
medium and large size construction projects. It has moved from main contracting to
construction management, and now most medium and large-scale projects are procured in
this way. This has had two main effects:

1) The proliferation of separate subcontractors for almost every item of work can itself
lead 1o inefficiencies and conflicts on site. Work is often repeated leading to damage
and wasted effort. Access often becomes the responsibility of each individual trade
contractor, and this can lead to inefliciencies in provision and difficulties in ensuning
compliance with regulations. Recent research at UCL on the application of CDM (Nutt
ef al 1998) suggesis that 20% of repored construction accidents can be attributed o
poor site logistics. In a separate study of productivity analysis of £6 Million University
building by Malasi, Dawood and Winch, it was concluded that low productivity is
highly commelated to inefficient space planning and conflicts between sub-contractors.
This study is discussed further in this paper under Development to-date section.

2) There is increasing concemn over an emerging skill gap in the industry as the last cohort
of project managers and construction planners with main contracting experience
approach retirement. The problem is that the younger staff have no experience of the
whole range of operations which take place on site, and the indusiry structure is no
longer able 1o give them that experience.

Dealing with the programming and management of activities on site and the proliferating
numbers of trade contractors has therefore become of cntical concem just as the stafl wath
appropriate expenence and skills are becoming scarce. New forms of procurement such as
public private partnerships and design/build/ finance/operate are compounding the issue by
shifting the appreciation of risk for satisfactory operation and maintenance o the
construction industry, and allowing contractors a greater =ay in design and construction
methods. Significantly more intelligence needs 1o be brought 1o bear in the planning of the
construction process if the wargets set by the Construction Task Force ( 1998) are 10 be meL
The problem is that construction programming and management are immensely difficult
and complex tasks, in which spatial and temporal decisions must be made at strategic.,
tactical and operational levels. The combinatoral complexity of possible programmes for
the construction of even the simplest of buildings is uncountable, and when other factors
are introduced including human and organizational 1ssees and regulatory or safety
considerations, considerable sophistication and judgement in project planning is required.
The research proposed here wall develop a possible solution 10 some of these 1ssues.

1. Previous Studies

It is intended 1o leam from the manufacturing expenence - the resulis of the application
of VR 1o various sectors of engineering have so far been tremendous (Boyd 1998; Wilson
1996). VM has been shown o avoid costly mistakes, and enable planners and managers 1o
envision the whole manufacturning process from design and assembly 1o product shipping.
Factory simulation has helped 10 make substantial savings on woling, design, construction
and installstion. Compared to the use of conventional methods, VM has also been shown



to dramatically reduce the amount of time it takes (o analyse new design concepts and
tncorporate them into the production process. It has enabled decision-makers (o make last
minute changes and eliminated the need to build prototypes. The application of VR has
made it much easier for factory workers 1o accomplish complex and ermor-prone tasks, and
has also offered a safer environment for testing various manufacturing technigques.

Some of the approaches and principles developed for an engineering context may find
construction applications, for instance for the visualisation of building layouts (Bridgewater
and Griffin, 1994). However, constructhion siles vary in terms of therr size and complexity
and are therefore inherently different to manufacturing processes. In particular whilst for
manufacturing it is possible to optimise a process within the controlled environment of the
factory, in construction the product and the environment used o create that product occupy
the same space. As the building is built it constrains the space available to construct later
phases. In esscnce, in construction, sile processes are continually constrained by the
changing form of the building as it is buili. and by the effects of current tasks in occupying
space and denying access to other areas. This makes construction scheduling a much more
complex operation than that encountered in most manufaclunng processes,

There are a number of methodologies/sysiems being developed in the UK and USA w0
tackle this problem (see Mackinney and Fisher 1996; Pierrette Zouvein 1995, Hendrickson
1997; Soh et al 1993; Tommelein et al 1992; Williams 1996 and work within the VRCBE)
These methodologiesfsystems were developed o facilitate automatic production of
construction schedules from 2D or 3D drawings. All of these sysiems use
heunstic’knowledge rules encapsulated in a prototype computer madel. A magor drawback
of the systems developed so far is the lack of practical applicability to the construction
process, One approach has been to develop the use of object technologies and VR interfaces
1o aid in the communications aspects of construction projects (Penn ef al, 1995, 1996). The
approaches have been applied to construction sile processes by Williams, 1996 and Renk
1996 who have developed 4D Planner (a graphical simulation tool which allows the user to
electronically relate the 3D model 1o the time dimension i the project schedule), and a VR
model] for visual planning by simulation of processes respectively. Researchers at Georgia
Institute of Technology have developed an Interactive Visualiser allowing the exploration
of geometnc pramitives and operations on a virtual construction site (Ribarsky et al, 1994),
Although, this system has great visuahisation capabilities, its main weakness is its lack of
power of analysis and simulation. [ is apparent that the gap between current research and
the real construction process is wide,

3. Research Approach

The building block of construction planning methodology 15 the lask. The armay of tasks
provides the work breakdown structure; the temporal sequencing of tasks is the core of
CPA; and the resourcing of tasks provides the input costs of the works, However, what is
usually ignored in current methodologies 1s the fact that wsk execution occupies space on
site, and spaces occupied by one task are often not available either for the execution of
other tasks, or the movement of resources between different task execution spaces (for an
exceplion (o this see Riley and Sanvido 1993). Owr proposition is that the spatial domain s
critical to construction projects since one of the main imponderables is the way that task
execution block spaces required for the execution of other tasks: at present, the spatial
dimension is treated intuitively by experienced planners, We believe that we can move
beyond intuition and experience to provide intelligent analysis of the spatial dispersion of
construction tasks around the site. New techniques for the analysis of spatial patterns of



access have been developed with developed with SERC and EFSRC funding and are now
being applied in design decision support. These space syntax technigues (Hillier, 1984 &
1996) allow one 1o represent and quantify the properties of buildings as networks of space
open to access. Although these methods were developed and are in use during design for
predictive modelling of use and movement patterns in buildings and wrban arcas, they offer
the potential to gquantify the degree to which different spaces are crtical in the movement
network within a construction site as this changes through time. The ability to put numbers
to the role played by a space in a whole network will form the basis of the critical space
analvsis (CSA) tool to be developed here.

The aim of this project is to push forward the state of the art in construction project
planning by meeting the following objectives:

1) evaluating state of the ant in the VR modelling of factory-based processes and
identifying the potential for transfer to construction:

2) further developing visualisation tools for critical path analysis;

3) developing tools for critical space analysis in construction project planning;

4) producing a visualisation tool which integrates critical path analysis and critical space
analysis

5) evaluating the potential for the further development exploitation of the decision support
ool

The Virtual Construction Site system model which will provide the vision for the research
is shown in figure 1. The VICS system comprises three elements:

1) the compiling of a project database which integrates relevant geometric, methods,
resources and task information;

2) the analysis of time critical and space critical tasks, and the brokering of these two
aspects in project planning,

3) the visualisation of the project database through a range of different interconnected
graphic windows.,

The project database will describe the geometry of both building components and working
areas/supports associated with individual tasks. Simple open geometric descriptions
(possibly VEML) will be used, but each peometry will also be associated with data on task
duration, resources and methods which will encapsulate access requirements for personnel,
machinery and matenals (o that space and restnctions on through movement (0 other arcas
of the site duning task execution.
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Existing CPA software will be used 1o analvse the time critical aspects of task schedules,
however by linking these 10 the project database of geometry a simple inferactive
visualisation of the construction process linked to the Gantt chart will be developed. In
itself this s not novel, however by associating geometry describing work areas and access
restrictions and making hinks to CPA, visuah=ations will be developed that allow one 1o sce
the knock on implications of particular tasks on those later in the process. These
visualisations will be able 1o be used strategically to reduce critical bottlenecks and
tactically to assist in evaluating the implications of task reassignments following changes to
the planned schedule.

The critical space analysis tool will add a new kind of functionality to construction
planning decision suppon software. This ool will allow the network of spaces which
comprise the construction site and the partially constructed building to be represented and
unalysed stage by stage through the construction process. Space syniax analysis tools which
measure spatial relationships in networks will allow the cntical spaces in the network 1o be
pinpointed as that network changes through time and as different tasks restrict through
movement. Visualisations will be developed that link CSA and CPA s0 that both can be
tracked interactively through the construction process. We will make use of the foct that the
spatial, temporal and resource aspects of the problem will now all be well expressed in the
project database and the CSA/CPA analvses 10 develop the prototype space-time broker.

This will use multi-criteria optimisation and constraint based techniques to evaluate
possible solution strategies for the complex spatial and temporal process of construction
planning. A dynamic link o the visualisation tools will ensure that the human and
communication aspects of the planning process remain central in the VIRCON system.

4. Development to-date
This section covers the major development to-date for the development of the VRCON.

Developments in three major activities are been given in the following sections. These
activities are: Productivity analyvsis case study, Data capture for greating project



information database and understanding planning decisions. Progress on technology
opportunities and potential 15 documented in Mahdjoubi et al (2000,

Productivity analysis case study

A pilot case study was performed as part of VIRCON on the School of Health project,
Middlesbrough, Teesside. The main objective was 1o explore the relationships between the
spatial configurations of work being carmied out on site, and performance and productivity
measurements during the project execution. The £6 Million University project was
designed by Bond Brian Architects, AMEC as the main contractor and ABB as the
Building Services (M&E) contractor. The observation penod coincided with the M&E
execution stage. The techniques used for performance and productivity analysis was
adopted from BRE standard classification’ by using the application CALIBRE™ (real time
performance ool kit). According to the observation programme, 165 observations were
completed in 15 days divided into three stages. In stage one observations were made on the
ground floor; in stage two, the work being carmied out in the first floor was observed: n
stage three the second floor was observed.

The performed spatial analysis included movement study of workers (stalking), space
conflicts, works clashes between tasks, and provision of work area, Generally the study
indicated 30% on average non-productive results (the results might not reflect the overall
site productivity as the study was carried out for only 4 weeks).

It was concluded that the non-productive time was a result of inefficient dynamic space
planning (space available to perform a task) and It was observed that the long jouney
distances (due o namow and restricted accesses 1o the bunlding), led to lost ime on site,
and therefore a lack in performance. Although project managers consider workspace in
their resources planning, it is identified [Armstrong et al, 1969,] as in the form of offices,
accommodation and stage spaces for matenals, e, a static space. The observation suppors
the idea that *space is quiet inflexible so far a5 movement is concemed.” ie. the dynamic
space [Ammstrong et al, 1969],

It was observed that M&E works causes clashes with other construchion activities. M&E
workers and their activities were major users of space and detailed analysis of the activities
and space was imperative.

Data Caplure

The objective of this task is 1o create a project information database, the core of the
VRCON prototype development. A number of approaches have adopted in research for the
integration of computer applications to facilitate shanng and exchange of data between
those applications. These approaches can be grouped under three main headings as
follows:
¢ Software “Fixing' Approach: This entails linking various software packages through

interpretersitranslators that transfer information between them. The limitation of this
approach is that it prevents the fluent and transparent flow of information between the
various software packages. Another disadvantage of the approach is that when
additional apphcation software is required, thereby allowing for expandabality, will
require creation of additional interpreter or translator.

= Blackboard Approach: This approach like the lirst one uses third party medium for
transfer of information between the sofltware packages. Thus allow the Muent and



transparent flow of information, but still exhibits the problems related to expandability
mentioned above.

* [Integruted Databases Approach: The approach provides integration of construction
process computer applications through a centralised database. The project information
15 stored centrally and accessible to all applications. This approach allows information
i be controlled and manipulated by the applications themselves without the need for
third party medium. This approach is being adopted in this research.

Data Capturing and Re-Structuring

Based on the integrated approach adopted, the data captunng and re-structunng task
involved three main activities. These activities are (figure 2 shows the specification of the
database system):

1. Data classification and database development:

Identification and classification of building objecis: Building elements and components
are being identified. classified and structured using standard classification methods
{(Uniclass and IS0 STEP). The main output of this activity is the class diagram. A typical
class diagram model is composed of:

+ (lass objects’ name and grouping, attributes and methods (development of Product
Breakdown Suructure, PBS),
s [nhentance and aggregated relationships between and among the classes and objects,

Database development: This will involve the design, based on the class model above, of
database schema and code generation.

UML {(Universal Modelling Language) method was adopted for data modelling and
database development. The rational behind the selection of this method, compared (o other
methods such as IDEFIx (IDEntification 1), NIAM, or Express, is based on the
comprehensiveness and formalized approach of the method for data modelling and the
eventual implementation of the database. UML method is comprehensive in that it contains
all the tools needed o structure, and model all information that is transmitied between
vanous disciplines during the design and construction of the building. Another reason for
selection of this method 1s the ease of use and understanding of the method by the
researcher. UUML is also language independent that the database can be implemented in any
computer languages. Popkin’s *System Architect 20017 is being used as a tool for
implementing LIML.

The following sections introduce the linkage of CAD and CPM (critical Path Method)
with the proposed database.

2. CAD data linking 1o the database:

The aim of this activity is 1o investigate how CAD data can be linked (or connect) with the
database. With this in mund, the objectives of the this are;

# focus on optimising external database connectivity facilities within the CAD system, and
# Take advantage of the customisation capability of the system.

3. Linkage o CPM software

This aim is (o link project management software (Critical Path Method using Work
Breakdown Structure, WHS) with the central database. This includes mapping the
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MSProject data base onto the central database. In this method, activities. resources, and cost
will be integrated with the database. The ultimate objective is the dynamic integration of
WBS and PBS.

Figure 2: System Archibeciure of the daiabase

Understanding Planning Decisions

This is the requirements capiure stage of the VIRCON project. We need to know how
construction planners actully take decisions regarding the project. Remarkably, there is
litthe empirical work on this topic, despile considerable theoretical work about what
planners ought to do. We need 1o know more about -

The context of construction project planning — project and firm
Sources of mformation

The Mlow of information

Software tools currently in use

Decision-making critena

What their “wish-list” for a space-time broker might be

8 B B & W

The principal method deployed will be process-mapping using Visio Techmical,
supported by interview data. (The interviews will concentrate on the long-lerm pre-
construction planning process.) We intend to work with some 20 planners from all the
VIRCON collaborating companies (0 establish the requiremenis for the space-time broker.

The investigation will look at three interrelated aspects of construction planning:

* Temporal dynamics (e.g. critical path method)



* Spatial Statics (e.g. site layout)
« Spatial Dynamics (i.e. how operatives/materials/plant move around site)

The proposed critical space analysis is intended 10 add value particularly in the problem
of understanding Spatial Dynamics, and this is where our investigations will be focused.

4. Conclusions

The main objective of this paper was to introduce and discuss the development of the
VIRCON. Previous literature and induostrial case studies have idemtified the need for a
stralegic planming system that can aid construction managers in the evaluating, visualising
and optimising construction schedules. In this context, the ultimate aim of the VIRCON is
o provide a desktop strategic decision support wol which will allow planners to trade off
the temporal sequencing of task with their spatial distribution within a virtual reality
environment. The result would be a more robust and rehearsed project schedule.
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