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Abstract

With the increasing complexity of modern construction projects, there is a pressing need on
higher degree of assistance from computer in order to accomplish effective planning and
management. This paper delineates the previous development and implementation of a
prototype four-dimensional Site Management Model (4DSMM), with the objectives to
address the requirement for linking scheduling data to a three-dimensional computer graphics
building model and to furnish the capability for planners to view graphic simulations of the
construction process at any prospective specified date. Through the development and various
real site trials in these few years, this prototype model extends 4D technology into areas of
resource management and site space utilization, in addition to planning of building
construction solely. In this study, a new information system platform, Graphics for
Construction and Site Utilization (GCPSU), has been developed to implement the model
ADSMM. The characteristics of the prototype system, including the integration of dynamic
resource management at the project level and decision-making support, and the underlying
techniques, employed in the model to facilitate and tailor the construction management
practice, are presented.
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Introduction

Computer-assisted tools in format of two-dimensional diagrams, such as bar charts or
critical path network charts, which lack in spatial features of the actual construction, have
conventionally been employed to represent construction schedules. The pertinent resource
and workspace requirements, which are not shown explicitly on the bar chart, are usually
coordinated mentally. A visual representation of construction site, including the progress of
the buildings and status of the use of site space as time elapses, will not be available. Thus,
planners have to rely on their experience and intuition, imagination and judgment to extract
data from paper-based design documents and to decide upon the appropriate method of
construction, its timings and the site usage layout.

On the other hand, during the past two decades, advances in three-dimensional (3D)
computer-aided design (CAD) technologies have furnished the opportunity for enterprises to
apply 3D models to manage construction information in projects, via viewing their static
realistic images. However, these 3D models by themselves, without the ability to display the
exact status of a project at a specified period, furnish little assistance in progress control.
There are no data integration and interaction between the 3D model, schedule information
and other data. In order to produce a construction schedule from 3D drawings, planners have
to envision the sequence of construction in their mind. This is a very difficult task since
workspace logistics, and the utilization of resources and equipment are, by their very nature,
highly dynamic. In practice, most site organizations often plan their works based on the



inception site layout and utilization drawings, which are rarely updated during the project
duration. Thus, in real terms, site managers have not been fully benefited from recent
advancements in computer technology.

It is generally recognized that comprehensive construction planning and efficient site
utilization are very significant in the site management of building construction. The
increasing complexity of modern construction projects, coupled with the increasing number
of involved parties, require more effective planning and communication. Four-dimensional
(4D) technology is capable of attaching time information to the traditional static 3D model,
thus allowing planners to view construction progress or schedule in a 4D environment. 4D
visualization tools can demonstrate the entire construction progress in a vivid way and show
potential conflicts in a construction site. Planners can also practice what-if analysis to assess
and compare several planning options in order to select a better strategy. Owing to the
significant potentials of 4D-CAD, several studies have been made on this newly generated
field during the past decade.

Retik et al. (1990) discussed the possible use of computer graphics as a scheduling tool.
Williams (1996) generated a 4D movie or animation film of a series of activity queues to help
understand the construction plan realistically. Collier and Fischer (1996) linked layers in a
3D-CAD model to construction activities in a construction project. McKinney et al. (1996)
presented a prototype 4D tool to allow planners to manually generate CAD, schedule, and 4D
content. Adjei-Kumi and Retik (1997) presented a library-based 4D model for planning and
visualizing the construction plan. McKinney and Fischer (1998) gave an overview on
generating, evaluating and visualizing construction schedules with CAD tools. Liston et al.
(1998) developed a 4D-CAD visual decision support tool for construction planners, with
visual cues for quick identification of problem areas. Staub-French et al. (1999) illustrated
that 4D simulation was better for construction planning than Gantt charts or CPM schedules.
Koo and Fischer (2000) showed that 4D models are effective in evaluating the executability
of a construction schedule and highlighted the need for improvements to 4D tools. Kamat and
Martinez (2001) described a system to enable spatially and chronologically accurate 3D
visualization of specific construction operations. Kamat and Martinez (2002) capitalized on a
computer graphics technology based on the concept of the scene graph. Chau et al. (2003)
implemented a 4D management approach to construction planning and site space utilization.
Dawood et al. (2003) reported on the development of an integrated database for 4D
construction process simulation.

Resource management is conventionally addressed by algorithmic tools solely. Son and
Skibniewski (1999) employed a hybrid multiheuristic approach for resource leveling problem
in construction engineering. Chau et al. (2002) developed a database schema, supported by
data warehousing and decision support system, in order to implement construction resource
management. Staub-French et al. (2003) formalized the ontology to represent estimators
rationale for relating features of building product models to construction activities and
associated construction resources to calculate construction costs. Castro-Lacouture and
Skibniewski (2003) applied e-Work models for the automation of construction materials
management systems. The construction site space can also be viewed as a type of resource.
Tommelein and Zouein (1993) simulated the interactive dynamic space-time layout planning
for resource management on construction sites. Reley and Sanvido (1997) modeled the space
planning for mechanical, electrical, plumbing and fire protection trades in multi-story
building construction. Akinci et al. (2002) presented mechanisms that automatically generate
project-specific work spaces from a generic work space ontology.



In summary, all the existing 4D systems are tailored to relate 3D models and construction
schedule with a specific database solely. The 4D research is lacking in the development of an
integrated system incorporating other useful construction aspects such as resource
management, linking different types of data sources, and fully automatic two-way data
exchange between adjustments of a 4D state and scheduling data. Thus there is a need for the
use of 4D tools to incorporate other construction aspects, such as resource management and
cost assessment. 4D tools can play a key role and become an imperative link in the
collaborative Architecture, Engineering, Construction (A/E/C) practice loop towards the
implementation of paperless construction environment. All participants of a construction
project are able not only to inspect 3D model through the project data network, but also to
recognize the actual construction progress in time to adjust construction schedules, and to
evaluate resource utilization in a specified duration, thereby contributing to better resource
planning.

This paper delineates the implementation of a 4D site management model into the platform,
4D Graphics for Construction and Site Utilization (acronym 4D-GCPSU), by linking the 3D
model with the project activity schedule. Each activity is suitably annotated with its resource
requirements including material, equipment, labor, workspace and cost. The key objective is
to develop software that is capable of furnishing assistance in site management, planning and
communication, in particular in flexible short term re-planning and adjustments to detailed
plans. Since the performance of any system can only be gauged by practical applications, a
companion paper is written to delineate some insight and experience on the on-site use of this
prototype system for a warehouse superstructure in Hong Kong (Chau et al., 2004).

Descriptions of 4D-GCPSU

4DSMM comprises mainly a 3D model of the project and a construction schedule. Besides
4D visualization, the model incorporates the 4D concept into fields of construction resource
management and dynamic site planning, by furnishing construction progress information and
performing a number of management functions over space and time. 4D-GCPSU provides an
information platform that couples the project schedule and dynamic site plan with the project
3D model to implement the purpose of site management, covering construction planning,
analysis of resource requirement for each construction activity, assignment of construction
materials, equipment and labor, evaluation of cost as well as generation of site layouts. Thus,
project managers can adjust resources plans in accordance with the changes of schedule in a
timely manner. 4D-GCPSU is built on commercial applications of AutoDesk AutoCAD and
ObjectARX development platform. Figure 1 depicts the structure of 4D-GCPSUI.

Characteristics of 4AD-GCPSU

4D Visualization and Simulation

The 4D concept, which encapsulates the addition of a time-based set of construction
activities to the 3D model, remains the key objective of the model. In 4DSMM, when
performing 4D simulation, the original schedule can be created and synchronized fully
automatically to all 3D objects and components via the WBS. This is based on the built-in
Start-Finish dependence relationships and the state of the object at that specific time defined
in the WBS and the activity templates at the level of two week look-ahead schedule. The
synchronization process is immediate and its accuracy has been verified by real application.
The requirement to link each activity with the 3D model “explicitly” or manually in many



previous 4D applications is thus eliminated. These operations are mostly replaced by
importing a set of activity templates and property codes so that works required by users are
significantly reduced. Figure 2 shows a portion of the key property codes in a tree style. An
advantage is that 3D objects are no longer linked directly to their activities, but rather through
a WBS node, which comprises a queue of sub-nodes of activities and allows the activity
queue to be modified in an independent manner. Since activity information is retrieved and
integrated with 3D objects to formulate the 4D state only during 4D visualization processing,
the modification on the isolated activity information will not affect the 3D objects.

Component-Based Architecture

With the recent fast development of information technology applications, future
extensibility and adaptation to new technology becomes a significant concern for any
software. Although 4ADSMM was designed originally to implement the 4D concept with
practical verification of feasibility on site, its scope has been widened to incorporate resource
management and site usage layout and more features will also be anticipated in the future. In
order to maintain up to date with emerging concepts and technologies, the architecture of
ADSMM has been tailored to allow greater flexibility. 4D-GCPSU applies an open and
component-based architecture through its capability to link different types of data sources,
such as different database format, AutoCAD format, Visual Basic object, different scheduling
software, as shown in Figure 1, to adapt to future technologies.

4D-GCPSU is developed to become an application suite of several productive applications
and many utilities, processing a variety of tasks on a construction site, such as planning and
visualization, resource calculating and tracking, and the provision of decision-making support.
All applications share the same user interface and action mode, thus furnishing a similar user
environment for users to switch amongst different applications. Some common middle-layer
interfaces are introduced to separate function providers and clients. In other words, each
function group is encapsulated in one single component for supporting these common
interfaces. In this way, the removal of a component of the model will not affect functions of
other modules. The interfaces are required to be supported by the new module, whose task
may be to implement a new concept, import a new technology, or even extend to a new
domain problem. These middle layers are tailored to be platform-independent. Many
commercial planning applications can be supported and the early investment and training
experience of its users can thus be adequately protected.

Work Breakdown Structure (WBS)

In order to cope with the current complex environment and fast changing technologies,
more data and linkages are inserted and processed in the model. Yet, these may induce
modifications to other parts or even to the whole architecture of the model. In order to avoid
sequences of modifications, a dynamic mechanism to combine data from different modules
becomes a feasible solution. A Work Breakdown Structure (WBS) is capable to furnish easy
extension of other modules, future applications and dynamic resource computation without
affecting existing systems. In 4DSMM, WBS is used not only as a bridge between schedule
information and the 3D model, but also becomes the core of the entire model, through which
other types of information, such as resources can be linked dynamically. The WBS code is
built and identified with nominated name in such a hierarchy to delineate the outline structure
of a construction project in a tree style through coding rules representing the level of details,
as shown in Figure 2. In this way, the representation is simple, more comprehensible, and
extensible in the future. Each item in 4DSMM, for instance structural element or resource
plan, is assigned a WBS property which is attached to one or more WBS nodes, and then in



turn to the whole model. In this way, each module will not only post its data to others by
adding extra properties to the WBS node without regard to how and by whom they will be
used, but is also able to obtain data from other modules via WBS nodes.

User-friendly WBS Editor

WABS has been employed by many planning applications for organization of the data. It is
usually quite time-consuming to build the entire WBS tree, especially when activity level
nodes are involved. Efforts are required by planners to create activity nodes for each
construction element and to establish the task dependences among activity nodes for 4D
visualization. 4D-GCPSU facilitates this task through its user-friendly WBS editor, a
screenshot of which is shown in Figure 3. The pre-defined activity template, an example of
which is shown in Figure 4, renders it possible to input a series of activities automatically for
a specified structure type together with sequences and dependencies. This template is
predefined during the software development based on previous construction projects and can
be altered by users to suit their specific requirements. Moreover, a platform-independent
middle layer component is employed for commercial planning software. If users consider it
more convenient and familiar, they can utilize other commercial schedule software to create
the WBS tree. Modifications in external planning applications will then be reflected
immediately in the WBS editor.

Two-Way Data Exchange Mechanism

4D-GCPSU includes a two-way data exchange mechanism that links any adjustment of a
4D state on graphic screen to automatic revision of the start-finish timing and dependence or
vice versa. This characteristic enables users to access schedule management functions even in
AutoCAD graphic environment, without switching to other schedule applications. The
capability of representation of scheduling on a vivid 3D graphic platform, as opposed to the
traditional 2D bar chart, is desirable for both construction planners and project managers.
When the 4D state with schedule property is changed in the 3D graphic environment via
clicking a 3D element on screen, an evaluation on the validity of the modification will be
undertaken by the system. If the revision is found to be not in conflict with any other
scheduling data or constraints, the 4D visualization model is then updated simultaneously
with the bar chart revised automatically. The new 4D construction state will be regenerated
based on the updated scheduling information. There is no need to switch between 4D
visualization environment and schedule software manually. This simplifies the working
procedure substantially, especially in performing what-if analyses. Likewise, if a change is
made on the 2D schedule bar chart, revision to the status of the entire 4D model is also
reflected automatically.

Compatibility with Multiple Data Format

Recent advances in computer technology make 4D technology available even to small-
scale construction enterprises. In order to maximize earlier effort and investment in a system,
it is desirable to couple different types of data source and to serve a host of commercial users
under different deployment environments. As a matter of fact, many business companies
possess multiple types of data storage, including desktop databases, large SQL databases, and
XML-based databases. Thus, a universal data access method, for multiple types of data
source that might reside on different platforms as well as for emerging future types of data
source, is preferable. Our experience and work illustrate that this is possible via the
development of a common interface. In this regard, 4D-GCPSU provides adequate degree of
flexibility.



The flowchart for linking of different data sources with a common interface is shown in
Figure 5. A host library that implements a data source linking component is first installed into
the user’s system registry. When a new simulated workspace on a construction site is set up,
4D-GCPSU lists all installed components and launches the selected host library to start a
wizard to generate the necessary files. During the formation of a workspace, 4D-GCPSU
verifies the corresponding type of data source component for that workspace. The host library
is then loaded dynamically and a function is called to link to the workspace data source, via a
pre-defined interface.

Common Interface for Popular Scheduling Applications

At present, 4D-GCPSU does not furnish its own planning tool, but is linked via a common
interface so that several popular commercial planning applications may be utilized to manage
and operate the schedule information. In order to facilitate data exchange between 4D-
GCPSU and existing planning tools, a middle layer is developed as the common interface for
each type of planning application. Each 4D-GCPSU module can access planning data through
this interface, in spite of which planning tool, is currently used in the background. Currently
4D-GCPSU provides middle layers for Microsoft Project 98, Microsoft Project 2000 and a
basic schedule engine developed with this program. The middle layer, being written in Visual
Basic and implemented in Windows DLL mode, will be loaded dynamically on the basis of
the adopted schedule application. Although 3D-CAD models are increasingly available in
IFC-format (industry foundation class) (IAl, 1998), it is not employed here because the
representations within the existing format does not cover all the micro-level activity
requirements in our case.

Universal Model on Resource Management

Resource utilization is an important topic in construction management and any project
manager has to consider what resources (material, equipment, labor and others) will be used,
and when resources should be acquired and delivered. A feasible resource plan should be
adapted to the latest changes in schedule, which are highly dynamic and often affected by
many uncertainties. A 4D environment that combines 3D model, schedule information and
resource management can provide much assistance to a project manager in this regard.
ADSMM links resource management functions to schedule information in order to process
resource issues dynamically. Resource requirements are computed precisely by 4D model
because it links the real 3D objects, which provide quantity information, with timing data.
For each activity, the construction manager is informed on which types of resource are
needed and where and when they are needed. When integrated with the supply chain, the
prototype system can provide advices on management of material stocks, generation of
purchases and tracking of order status.

In order to streamline resource management, a set of resource stencils is introduced in
ADSMM. The predefined resource stencil is the component to aid in the resource
management process, to define the resource utilization and relationship data for each resource
involved, and to integrate between the 4D model and various construction resources. The
stencil has two typical components: definition of a structural element type; and, resource
entries for each unit of that element type. Any structural element or site level facility
generated in a 3D environment contains a resource index property related to the resource
stencil. The stencil gives type and quantities of materials, equipment needed, and how many
workers are needed. Previous experience of construction enterprises, customized to reflect the
actual situation for typical projects, is gleaned. In order to maintain extensibility, a universal
model is employed for different types of resource, including materials, equipment and labor.



Each type of resources is viewed as a general resource item, related to a standard type of
structural element with given quantity requirements. Every element is assigned a standard
element reference when it is created in a 3D environment. With the provision of quantities for
each type of structural element from the 3D model, this stencil can immediately generate the
resource requirement throughout the time schedule.

Computation of Dynamic Resource Requirement

When there are frequent modifications to the schedule, it is not easy to keep resource
requirements under control. 4D-GCPSU is capable to facilitate this task since the static 3D
model can provide workload data for all structural elements and site layout facilities.
Moreover, the 4D model can identify all elements to be constructed within any period. With
the aid of pre-defined resource stencils, resource requirement for a specified future period can
be computed dynamically which reflects the latest requirement of the project. A wizard is
designed in the Resource Manager to perform this computation. When resource costs are
input, the wizard will output individual cost for material, equipment and labor. The
computation results can be saved as a reference plan or converted to a resource plan directly.

Site Space Utilization

In order to assist in accomplishing efficient site space utilization (Reley and Sanvido, 1997;
Tommelein and Zouein, 1993; Akinci et al., 2002), the construction site space is also viewed
as a type of resource in 4DSMM. Similar to other structural elements, 3D objects for
construction equipment, such as crane or hoist, are added to the 3D model. Storage, lay down,
or assembly areas also have their own 3D reference. Site facilities are also displayed in 4D
simulation to show the status of the entire site versus time, including facility locations and
storages of permanent and temporary components. By tracking material status, 4ADSMM
displays the contents at site storage locations with presentation in a 3D environment.
4DSMM is able to evaluate site plans and give feasible advice on how to store and how much
time is involved in transporting those resources within the site at any specified time.

Workflow in 4D-GCPSU

An integrated working environment is tailored for construction planners in 4D-GCPSU. It
covers the workflow throughout the duration of a construction project, from the generation of
the 3D model and the schedule plan to 4D visualization and resource management.
Depending upon the desired management purposes, a variety of tools are furnished by the
4D-GCPSU platform: the Workspace Manager for manipulation of general workspace
information; the Dictionary Manager for management of resource stencils; and, the Resource
Manager for control of various resources. In order to have smooth transition between
different applications, each module in the 4D-GCPSU suite shares the same user interface
and operating modes. Moreover, whilst 4D-GCPSU is designed to be a stand-alone
application suite, it takes advantages of popular commercially-available platforms. For
example, AutoDesk AutoCAD 2000® has been chosen as the graphics subsystem for some
modules incorporating a set of 3D modeling tools and 4D visualization applets. Figure 6
displays the workflow of 4D-GCPSU.

Formation of Workspace

The Workspace Manager is an intuitive integrated environment employed in 4D-GCPSU to
process and save construction data in each project as a Workspace in several pertinent files.
Wizards are employed to assist users to create a new workspace for different types of data
source. The main role of the Workspace Manager is for input of construction information,



including those on building, floor, segment, element, activity levels and WBS, prior to the
generation of the 3D model. The formation of a new workspace comprises compilation of
data on building, floors and segments. A common user interface is furnished to all tools in the
Workspace Manager. During the operation of the Manager, a dynamic help panel, which
provides instant tips and recommendation on ensuing operation, is displayed on the right
hand side of the screen.

Generation of 3D model

The temporal representation of a static 3D model is able to demonstrate the actual progress
at any previous date, the current progress, as well as the anticipated progress at any
prospective date up to the completion date. 4D-GCPSU has the capability to facilitate the
generation of a 3D model by furnishing a series of utilities. Standard structural elements can
be easily defined by users using the specified geometric parameters in the Workspace
Manager. They can then draw and place actual elements as desired by applying these
standard elements with just simple clicking or dragging Windows-type operations. Several
basic structural types, such as wall, beam, floor, column, door, window, and so on, are
already defined directly. Users can also add other types of element manually into the control
within 4D-GCPSU so that any user-defined object can be inserted into the 4D model.
Moreover, the object-oriented programming technique adopted here allows the attachment of
textual or numeric properties to any 3D object. These 3D models are organized in a
hierarchical manner, with the entire workspace at the top level and detailed elements at sub-
levels, namely, workspace, building, floor, insitu/precast area, column, wall, beam, and so on.
Furthermore, in order to assist in the evaluation of site layout, construction equipments are
also incorporated into the 3D model with graphical representation and are in turn linked to
schedule data.

Creation of WBS with Scheduling Information

WABS is employed to define the entire workspace structure in tree-like manner, with each
node having a WBS code property. The whole structure of the construction project is
described by these code properties. WBS data are highly bound to the schedule information.
In fact, many commercially-available scheduling software, such as Microsoft Project, use a
WBS to organize their data. The WBS editor in the Workspace Manager facilitates the
editing work to a WBS tree, by generating sub-nodes of activities for some element nodes
based on existing activity templates and automatically setting their initial Start-Finish
dependence. Moreover, a background interface engine is developed in order to interface
synchronously with the external planning software. By employing the WBS structure, users
can adjust the schedule information either in the WBS editor or in the external planning
software depending on their individual familiarity with the type of working environment.
Some code segments are designed to ensure that all external modifications will be fed back to
the Workspace Manager simultaneously.

4D Visualization Controller

The classification of 3D objects is in terms of structure groups having different WBS
properties. These properties affect directly how schedule information is extracted from
external planning application data. When performing 4D simulation, the visualization
controller will automatically search the proper activities for each element and hence it is not
required to link each related activity to a 3D element. Hence, the user needs not worry about
changing any pertinent relationship between 3D element and its activities during modification
to any activities of an element. The usual requirement of “explicit” or manual operations to
link an activity with the 3D model in other 4D tools is avoided.



Moreover, it is possible to import external graphic elements to 4D-GCPSU, which greatly
enhance the flexibility of the system. In order to share the advantages of 4D visualization,
users can generate any 2D or 3D element and import it to a structural group that is linked to
WBS. Thus, a quick preview of the construction site with temporal relationship can be
acquired through the set of conventional 2D construction drawings prior to the generation of
the complex 3D model.

Users can choose an element on the graphic screen, scrutinize the start-finish timing and
dependence, and revise as deemed necessary. Through the two-way management mode, the
revision will automatically be synchronized in the external planning application, leading in
turn to adjustment of the time properties of all related elements. The usual practices to first
switch to the external planning application for modification of a 2D bar chart and then to
refresh the drawing are no longer required. This user-friendly operation mode enables
planning of re-scheduling operations to be processed in a 3D environment and facilitates
evaluation of alterative construction plans.

Definition of Resource Stencils

The quantities for each element, as well as quantities of resources to be consumed in any
specified period, can be computed accurately to within 10% in the 3D model corresponding
to the schedule data. This has been verified through various real site trials, with the
assumptions of general site conditions, including gentle/not too congested work space and
good access conditions. The computation procedure for the quantities for each element as
well as quantities of resources to be consumed in any specified period is dynamic in that
resource utilization computation will be updated automatically whenever the schedule plan is
modified or if the 3D model or the design is revised. Conventionally, it is difficult for a
project manager to acquire such information directly. The 4D environment, with the 4D
model coupled to the real 3D object and the corresponding schedule via the WBS linkage,
facilitate the project manager to forecast the quantities for each resource precisely.

Resource Plan Scenarios

Construction planners can formulate a number of resource plan scenarios in the Resource
Manager, on the basis of the computed resource requirements. Both types and quantities of
material can be specified in these plans, which will be mainly employed as a guideline for
resource management throughout the project duration. If one of these plans is finally adopted,
order forms can be made by the system to pertinent suppliers. Afterward, when these ordered
resources are delivered to the construction site, a storage entry form will be generated. A
major task of the Resource Manager is to monitor the entire resource management procedure
and to track and constantly update the status of each resource item including: what percentage
of a resource plan has been completed; which order form is outstanding; any storage space
available on the site; and, a list of all available materials in stock. The consumption log of
each resource maintained by the Resource Manager comprises statistical charts and graphs
which will be helpful to support decision-making. Comparison of different resource
utilization plans can be made against user, time, or location.

Assistance to Decision-Making

Knowledge and experience that are acquired from previously completed projects may help
to accomplish successful project management and effective decision-making in a new project.
It is expected that the next generation of 4D tools will need to process a larger volume of data.
Problems on data storage, data sharing and dynamic data exchanging between different



applications during the life-cycle of construction management, especially in processing
complex data types and sources in resource management, should be properly addressed. Thus,
existing data are organized and converted into useful information, or knowledge, through the
integration of a Data Warehouse and a Decision Support System (DSS).

The contents of a data warehouse may be a replica of data from a source or the results of
preprocessed queries, such as “Where is a particular material consumed on the specified
building?” The DSS is implemented in a star schema, which is a specific type of database
design employed to support analytical processing. A star schema comprises two types of table:
fact tables; and, dimension tables. Fact tables contain the quantitative or factual data about an
entity whilst dimension tables hold descriptive data that reflect the dimensions of an entity.
By using certain predefined and user-defined links between the fact and dimension tables
within the star schema and constraints on the data, Structural Query Languages (SQL) queries
can then output the required information. Microsoft SQL Sever is adopted as the data
warehousing platform. Previous project data are entered into data warehousing system in
order to assist in decision-making. If more historical data are supplied, more precise results
will be acquired. Users are required to supply, acquire, and glean data about the current
construction project into the computer-based model. Based on the user specified requests, the
data warehousing system will analyze those historical data and attempt to establish the
relationships, which will in turn be used by the DSS to furnish advice.

Conclusions

In this paper, the 4D site management model previously developed, 4DSMM, incorporating
resource management and site space utilization, has been presented. Based on 4DSMM, a
powerful information platform system, 4D-GCPSU has been successfully developed. The
way on how to link 4D technology to the full spectrum of construction management activities
is demonstrated. The integration of a WBS, 3D model, scheduling, resource stencils, decision
support tools, and other design and developing strategies is capable of furnishing useful
assistance to construction planners. The prototype model may require a large amount of data
input for large projects which lead to large computer files and slow processing, as evidenced
from the site trial (Chau et al., 2004). This, however, will not be a long term problem, given
the recent advancement of computer technology. It is believed that 4D-CAD technology will
have strong potentials and will impose significant impact on construction management
practice. A feasible research direction will be on the extension of the 4D model, by adding
construction-specific components such as scaffolding, roads, etc. A web-based collaborative
system merging 4D technology into an entire A/E/C working environment may also be
explored. Moreover, an appropriate method to evaluate current construction plans, including
time, space and resource can be incorporated, so as to locate potential areas where problems
may occur.
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Figure 1. Structure of 4D-GCPSU

13



E‘} TLC -- 4D-GCPSU Workspace Manager &) %]

File Edit ‘iew Action Took Help
” = ¢pen ‘ L HE = | A “ Logistic Centre '” & New Stardard Elem =

Wiew Logistic Centre - Element
BD Conzent for Superstructure —
@ 315 st o S e Home | Workspacal Stoleyl Segment  Element | Group | Actlwlyl WhS |
bl Ground Floor 4 Mew Standard Element = Delete Standard Element| @ Fiker -
ih - Phase 1 - Precast Area = T - E - Element
wotk - Phass 1 - Insitu Area Type |SubType |Name |HesTempID|- T |Malenal |Plu||Slun{Thlckne| =
I - Phase 2 - Precast Area L wdall Standard ‘W, Dufwall 3265 Outwdall Conciete i} 0 &00 To create
Sz Phase 2 - Insitu Area | [wall Standard W, Innetw/sll 3266 Innetw/all Concrete i] 0150 3D element
o =N G:round Floor b4 || Beam Rectangle B Beamé, 3268 | Beamb, Concrete o 0600 4 is graphic
Sa;m 2] Fhase 1 - Insitu Area | |Beam  Hectangle B BeamB 3269 BeamB Caoncrete 0 0 600 2 platform,
£l Phase 2 - Precast Area | |Column  Rectangle C StandardCol 3267 StandardCol Concrete a 0 &00 E you should
] sl 6 Ll el ‘ | |Floor  Standard FicFioor 3270 StandardFlaor Conciste 0 ojs0 make
oy Frep & Inctall Pree | |Beam  I-Style Beam T-Beam 0 Concrete a 0|00 4 i?:;sard
<n Floor Standard Flo InSITU 0 Concrete 1] 0100
Group nstall Precast Do - elements
Al Hoist & Fi Re-Bar  |Beam  I-Style Beam Mamaw T-Beam 3269 | BeamB Concrete 1] 0825 2> first. The
Concrete Topping ,ﬂ—l E standard
Ve Cure bl IName |PmiecllD |Stoley|D |"-‘ gment |T_vpe |." T 1. |Malelial E element
kA - Phase 2 - Insitu Area ) 1 q 0 Floor Concrete will simply
Option B} (o Ma. 7 B 7 3 0/l Innerall Concrete o
2 - Phase 1 - Precast Area — ; A e c A drawing
- Phase 1 - Insitu Area - oot onerele dure
Draft RrbGS
- Phase 2 - Precast Area - 1 3 0/ Flaor Concrete greatly.
W EI- Floor No. 1M | 1 7 0 Floor Concrete
WBS - Phase 1 - Precast Area || 1 7 0 Floor Concrete GCPSU list
ﬁ - Phaze 1 - Insitu Area || 1 7 0 Unknown Unknown all
Toolz = Floor Mo, 2 1 7 0 Urkriown Unknown structural
Phase 1 - Precast Area B 1 10 0 Floor Concrete elements
E:::Z ; :;:l;azrila =1 1 10 0 Floar Concrete that
1 10 0 Flaar Concrete Creatpfd 13
[} Floor Mo, 2M — graphic
Phase 1 - Precast &rea - L il 0jBeam fanciee platform
‘. Phase 1 - Insity Area | | 1 4 0 Floor Concrete only for
[=- Floor Mo. 3 [Roof) | | 1 5 0 Floor Concrete browsing.
g Phase 1 - Precast brea & | | 1 10 0/ Floor Concrete You can
' m _pl_l | 1 E 0 Floor Concrete nat edit
Total Yolume : 0 = . 1 5 0 Floar Concrete that data
Total Sufacedrea: 0 1 10 0| Floor Concrete GCPsU
I~ _l_l tilize
o L AN | T LIJ
|E\emenl |WBS. X001 D=001 FCOD4FD003FEDZE

w8

| ot GrandSof CaD200. | @5 Microso Project- .| [{Z TLC - 4D-GEPS... EF|381 - Microsot wiord | @Y QERE 1127 e

Figure 2. A portion of the key property codes in a tree style

14



[", TLC -GCPSU Workspace Manager
File Edt “iew Action Tools

| = dpen | 2 @

Help

Logistic Centre - WBS

Tt - | & ” Logistic Centre '“ I&New Project ~

Home I \N’olkspacel Stnreyl Segmantl Elamentl Groupl Activity  WBS I
Home
i Node Path
Whark
I Mode Type I j
Starey Mode Name ||
&
Seqgm
Time Property
lem [~ Plan Start I~ Plan Finish
CE S
Gé’:lp I Monday . November 13. 2000 j I Monday . Movember 13, 2000 j
il [~ Actual Start I~ Actual Finish
T ool I Monday . Movember 13, 2000 j I Monday . Movember 13, 2000 j
oolz
& ~wiork Yolume
Option
& Walume I Unit M eter j
Draft
w Account Vol
WES
kY b Start to Edit |
Tools

M1 S

Work breakdown
structure, orWBS, is
the hierarchy of tasks in
your praject
represented by a series
of humbets, lefters, or a
combination of both.A
WHS code identifies a
task's unigue place in
the structure of vour
project. To work with
WBS, vou can show
WEBS Explorer on the
left.

Actions

Show/Hide WBS
Explarer

Startto Edit
Refresh

Launch external
schedule application

Help

]

Hsen] |45 @ 4 "

[wes [status

Figure 3. A screenshot of the WBS Editor

15

| . Grandsof Can2000 - 40 | & Miciosoit Projeet - TLE . || [@3TLC - aD-GCPSU w... | ]551 Miemsotword | (|50 SICREE] 11:20m



File Edit
| = dpen | % &

Option

Draft
w

WES

Tools

-GCP5U Workspace Manager

Wiew Action Tools Help

gk Mew Activity

T - | kY ” Logistic Centre '“ o Mew Activity -

Home I W’olkspacel Stnreyl Segmantl Elamentl Group ~Activity IW’BS I

= Dielete Activiy | %l Sort

Name

|| Remave the Existing Blinding
| |Excavate to Requited level
| | Blinding

| |Fix Fe-Bar

|| Eoncrete the Slab

| | Finishing Slab Suface

Cure

|_|Erect Falsewark & Famwork to Slab
Fix Re-Ba

| |Cancrete Slsb

|| Cure Slab

|| Remave Formwork Slab

|| Erect Fomwork to Beams & Slabs
|| Hoist & Fix Re-Bar

| | Eoncrete Beams & Slab

| |Cure

|| Remave Farmwark

|_|Haist & Fix Re-Bar

|| Close Wal Form

| |Close Coluran Farm

| |Concrete wall & Cal

Remove Formwork

Install the Precast Staicase Elements
Prop & Install Precast Main Beams
|| Install Precast Double Ts

|| Hoist & Fix Re-Bar

| | Concrete Topping

| |Cure

KN

| Stiuctural Type

I Malelial' Status I Full Name

Default D ulatil Color

Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work
Structural Work

G/F Slab Concrete
G/F Slab Concrete
G/F Slab Concrete
G/F Slab Concrete
G/F Slab Concrete
G/F Slab Concrete
G/F Slab Concrete
G/F Slab Concrete
Irfill to TC Opening | Concrete
Irfill to TC Opening | Concrete
Irfill to TC Opening | Concrete
Irfill to TC Opening | Concrete
Infil ta TC Opening  Concrete
Irsitu Beams & Slab | Concrete
Irsitu Beams & Slab | Concrete
Insitu Beams & Slab | Concrete
Insitu Beams & Slab | Concrete
Insitu Beams & Slab | Concrete
Ingibu /all & Ciol Concrete
Ingibu w/all & Col Concrete
Ingibu iall & Col Concrete
Ingibu /all & Col Concrete
Ingibuw/all & Col Concrete
PC Stair Concrete

Precast Beams & Slab | Concrete
Precast Beams & Slab | Concrete
Precast Beams & Slab | Concrete
Precast Beams & Slab | Concrete
Precast Beams & Slab | Concrete

OnlGaing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing
OnGaing
OnGaing
OnlGaing
OnlGaing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing
OnGaing
OnGaing
OnlGaing
OnlGaing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing
OnGoing

Concretela /F SlabClearing and
Concretel /F SlabRemove the
Concretel /F SlabExcavate to |
ConcreteG/F SlabBlinding - Or
Concretel/F SlabFis Re-Bar -
Concretel/F SlabConcrete the
ConcretelG/F SlabFinishing Slat
Concretel/F SlabCure -- OnGo
Concretelnfil to TC OpeningEre
Concretelnfil to TC OpeningFis
Concretelnfil to TC OpeningCol
Concretelnfil to TC OpeningCul
Concretelnfil ta TC OpeningFe
Concretelnzitu Beams & SlabEn
Concretelnzitu Beams & SlabHe
Concretelnzitu Beams & SlabCo
Concretelnzitu Beams & SlabCy
Concretelrsity Beams & SlabRe
Concretelraitu ‘wall & ColHoist |
Concretelraitu Wall & ColClose
Concretelraitu Wall & ColClose
Concretelrsitu Wall & ColConcr
Concretelrsitu Wall & ColRemo
ConcretePC Stailnstall the Pred
ConcretePrecast Beams & Slab
ConcretePrecast Beams & Slab
ConcretePrecast Beams & Slab
ConcretePrecast Beams & Slab
ConcretePrecast Beams & Slab

Blalalalalalalala|alalalalalalalala]a|a=]| B ala]a]a]a]=

SLITTIT

1

-

B

Activity

GCPSU provides a
set of pre-
defined templates of
activities. These
templates will help to
create schedule data
and implement 40
visualizatian.
Actions

e Activity

Cielete Activity

Sort

Filter

Help

I

st | (A 51 & 5] 7

|Act|wty

|Status

Figure 4. An example of the predefined activity template

16

| . GrandSioft C402000 - 4D .| &5 hiciosolt Project- TLC A, || TLE - 4D-GCPSU W. | 551 Micmsaitwod | |10 @TREE] 11:234M



Component Host Library
Register Procedure

1. Register Library by

Installing Program

5. Load the Host

3. Search ’ 4. Choose one
Registry to get Component

6. Workspace i

Library all Components
Wizard is launched
- ) 2. Users create
7. Establish Link /" New Workspace in
8. Pass the 4D-GCPSU
Link to 4D-
B B il GCPSU
»| 4D-GCPSU < _
Workspace 9. Link to
Workspace

Figure 5. Flowchart for linking of different data sources with a common interface

17



Workspace Information
/\

' Workspace Manager b f—

! - i Workspace

: 1. Workspace Formation > Database » 2.3D Model Generation

| b _——
I 3. WBS Creation > Schedule Graphic Database

- i Database

——

4. 4D Visualization

5. Resource Stencil Definition

Stencil
Database

Resource Manager v
6. Resource Plan Scenarios

A 4
7. Decision-Making Support

_________________________________________________________

Figure 6. Workflow of GCPSU

18



	Automation in Construction, Vol. 14, No. 4, 2005, pp. 512-524
	4D Dynamic Construction Management and Visualization Software: 1. Development
	K.W. Chau1, and M. Anson1, J. P. Zhang2

	Abstract
	Descriptions of 4D-GCPSU
	Characteristics of 4D-GCPSU
	4D Visualization and Simulation
	Component-Based Architecture
	Work Breakdown Structure (WBS)
	User-friendly WBS Editor
	Two-Way Data Exchange Mechanism
	Compatibility with Multiple Data Format
	Common Interface for Popular Scheduling Applications
	Universal Model on Resource Management
	Computation of Dynamic Resource Requirement
	Site Space Utilization

	Workflow in 4D-GCPSU
	Formation of Workspace
	Generation of 3D model
	Creation of WBS with Scheduling Information
	4D Visualization Controller
	Definition of Resource Stencils
	Resource Plan Scenarios
	Assistance to Decision-Making

	Conclusions

	Acknowledgements
	References




