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ABSTRACT

One of the current challenges in the field of
construction is integration of the design
processes. Since building construction involves cooperation of
numerous designers, engineers, and Project managers, s
comprehensive organizational planning and management tool 1is
required. The main objective of this paper is to describe an
ipproach to establish Computer Integrated Construction for
improvement of planning and management productivity, and propose
in integrated design/construction Planning system which provides
in interactive cooperation between design, engineering, and
onstruction. This paper presents the results of research on
everal issues such as: representation and organization of plan-
ing processes, management of information, knowledge and con-
traints, and hierarchical network of object-models which repre-
ent a building space model, building system models, construction
ethod models, construction activity models, and construction
ite layout models. Applications of hierarchically networked
bject-models to representation of interactive planning processes
ctween design and construction in several planning stages will

¢ presented. Also future research issues to be explored will be
escribed,

building
and construction

Introduction

Cent improvements in computer technologies in such areas as:
‘tificial intelligence, database systems, and network systems
Ve expanded the spectrum of potential applications. One of the
markable Computer applications in the field of manufacturing
dustry ig Computer Integrated Manufacturing, which also affects

Nstruction industry to attain higher productivity as Computer
tegrated Constructiop.

Yever, severa
Stricted the
ONg these fac

1 factors unique to the construction industry have
application of such innovative computer methods.
tors are the lower volumes of mass production and
® larger-scaile products of building elements in construction
ar‘.manufacturing, complex and variety of construction
nd1t10ns,

1 : and overlapping of the product design and
Struction Phases in many projects.
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building construction involves cooperation of designe,

Since s
engineers general contractors, sub-contractors, manufacturpr;

; ; . . - g
and suppliers, a comprehensive organizational plannlng and
management system, and common data representation Schema are

important. Failure to dedicate sufficient cqmmunicatiQn betupp,
designs, engineering and conspructlon planning, and 1“§dequa[e
project monitoring and evaluation all work to the detrimen; of
productivity, incurring heavy losses at the company level,

2. Background and Current Status

In the past several years, trad}tional building construction fpaq
changed due to complexities 1in and the variety Of buihhng
systems, construction methods, anq planning methodologies. aq Lhe
constructed facility approaches higher levels of Sophisticatum,
the need to innovate organizational and technological baCkgrouﬂd
of building construction has also arisen. Three areas have beep
identified as requiring either further development (cases a, and
b) or more rigorous implementation {(case c). These areas are: a)
cooperative investigation into issues of constructabi]ity

throughout the planning and management stages; b) tgo improve
productivity, conversion to more flexible designs, engineering,
and construction organization; and c) overall Strategic apg

interactive decision-making for tompany-wide constructigp
planning and management.

3. Goals in Building Construction

The following subjects were investigated and analyzed in advance
to establish a framework for research and development of ap
integrated design/construction planning system: the types of
building systems, construction methods, equipment (machinery and
robots), and computer applications utilized to improve labor
productivity at the construction site. Consequently, three major
problems with the current system were identified: 1) Basic
information and knowledge about construction technologies is not
shared between designers and constructors; 2) Interactive
procedures at the early design Stages to apply building systenms
and construction methods have not yet been developed; and 3) Nc
Systematic evaluation and feedback of relevant data an
information fronm construction sites is prevalent [Yamazaki 86]

building Ssystems and construction methods; II) Build a system for
planners to allow them to study and check building systems and
construction methods for a Project at the various planning
stages; III) Establish 8 system for feeding-back actual
construction data to consistent and flexible project and
production information System databases.

Therefore, Computer Integrated Construction should first be
addressed on improvement of designing, planning and management

productivity rather thap of labor productivity of construction
process at site,
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Concept of Design and Construction Integration
4.

uter Integrated Constrnction is composed of design and
Comp ering system, construction Planning ang management system,
englnznstruction system, including building Systems, construction
Sgaéds, and facilities(robots and machinery), which are adopted

to construction automation. . Coneistent and flexible databases
shich store design. and engineering _1nformat;on, Planning and
management information, manufaeturlng {nformaelon, transportation
information, and production 1nformat10n, with conditions and
constrains which draw the conclusions, are required to connect
each components effectively, Also common data and knowledge

representation schema for product modeling (building Space model,
building element etc.) and process modeling {(design, construction
planning, construction etc.) should be established to exchange
information between different functions efficiently.

In building construction, major interface between design and
construction is an interactive Planning process between building
system and construction methods, which alsg produces construction
activities and site layout, reviewing conditions and constraints.
This interaction is extended conceptual planning phase to Precise
planning phase shown in Figure 1, and should pe focused as one of
key concept for Computer Integrated Construction.

[o make optimal use of building systems and methods, early
participation of the construction eéngineers in the design phase,
ven in the preliminary design stage, 1is Necessary. The
integrated investigation by designers, engineers and project
lanagers at the early planning stage improves productivity at the
onstruction stage and reduces construction cost through the
etter utilization of building systenms, tonstruction methods and
he resources available at the construction period. This
boperative planning is defined as an integrated construction
ystem planning which incorporates all levels of the project
lanning process [Yamazaki 87].

System Architecture for Integrated Planning Process

le process of integrated construction system planning can be
WWisioned as ga cooperative endeavor undertaken by a team of
becialists, Each specialist is typically knowledgeable about
1€ particular aspect of the planning process. To explore
Stributed Planning, an object-model ([Ueno 86) and blackboard
‘chitecture are applied to illustrate comprehensive planning.

tegrated tonstruction systen planning is consists of building
Sten Planning, construction system planning, construction
tlv}ty Planning (scheduling), and construction site layout
- Each Planning module is expanded according to progress
ing through Conceptual (ipnitial) stage, fundamental
nteFmediate) stage, and practical stage. This procedure isg
SCribed jp Planning procedural knowledge module. Since these
dhning modulesg relate and communicate interactively each other,
Y @ subsysten cannot draw the optimum planning [Yamazaki 90].
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To realize the requirements for an intEgrated éfSlgp/conStrU(Lion
planning system, the functions 1n such as % iﬁnlng Procedyr,)
knowledge module and constraints managemegt module, and databaSGS
such as production database and constructlon‘sysFem database Must
be thus structured and represented as shown in Figure 2.

6. Data and Knowledge Representation

Two types of data and knowledge were gcquireq and implementeq.
First type depends on purpose gnd is acqu1re¢ thYOUgh the
following analysis: a) Classif1cat¥on of characteristics betweey
building systems and constructilon .methodS; b) TEChnology
availability as determined by constralnt§ and characteristic$
¢) Strategic knowledge and proce@ures implemented to manage
constraints to solve problems efficiently. The Knowledge 45
implemented in construction system datapase, also the acrum,
results of projects were stored in production database.

The other type depends on the domain and 1is structured j;
follows: a) Hierarchical network of objects which represeny 4
building space model, building system models, construction method
models, construction activity models, site layout models and
resources; b) User defined relations which represent connectiong
hbetween elements and components, resource availability and
sequence of activities; c¢) Methods or attached procedures which
control the information between objects; and d) The structured
object-model can be more available through consistent planning
stages and can be modified without special operations when a
linked object-model is changed [Yamazaki 88].

7. Object-model Applications to Integrated Construction Planning

Applications of object-model are implemented in two major stages:
master scheduling at conceptual planning stage and construction
method selection at fundamental planning stage.

Project scheduling at the schematic design stage 1is very
important as it allows for the optimal efficient use of
resources, which include not only labor, equipment, building
components and materials, but also technologies acquired and
developed to improve productivity in the construction process.,

Master scheduling is to be performed under uncertainty due to the
insufficient information of design and construction planning, so
that many assumptions such as building system, construction
methods and available resources have to be set up efficiently.
Therefore, management of constraints are required to perform an
Interactive planning between design and construction since early

planning stage through the best use of constructability knowledge.

A1§0 construction method selection is defined to be an activity
which produces the best combination of building systems,
construction methods, andg major temporary equipment (crane and
scaffolding) with design specifications and construction
conditions, hierarchical assumptions are thus setting up.
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jng system model was e}panded to a set of building

ts representative of a typical floor or foundation. The
lemen tion activity model was expanded to a set of work package
‘miEIZEtiVities such as formwork, steel work, and concrete work.
ev

he puild

2 block or a grid reflecting the building size, amount of
hen 4 labor and machinery and duration is set up, interactive
.emnF: between building elements and construction methods can
&amu}ﬁnmed by comparing the given conditions or assumptions
eifihe characteristics of construction methods. This process
1;hwnces design specifications, such as connection of building
n onents and standardization of building elements, especially
Egﬁautomated construction system is applied.

Conclusions

o effectively realize Computer Integrated Construction, an
ntegrated design and consFrucFion planning system is important.
em@sentation and organization of planning processes using
jerarchical networked object-models were efficiently applied.
urther research issues such as: a) more efficient methodology
f constraints management [Logcher 89]; b) planning technique to
tilize actual results of projects by case-based reasoning
ethod:; and c) hierarchical management of KBs and DBs which
tore information, standards, and functions of building systems
nd construction methods are necessary for improving cooperative
lanning and management productivity between design and
onstruction.
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Con;{mcllon
Activity Model

(1} Schematic Des-gn.'Dcann Devoloomen
(2) Selecting Building System

{3) Mastar Scheduling

(4) Layout Planning

(5)Selecting Consinuction Methods
{5)Temporary Facility Planning

{NWork Scheduling

(8)Construction Methods Planning

Figure 1 Object model hierarchy for integrated construction planning
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