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1. Abstract

A planning team today has to cope with new boundary conditions. On the one hand, these are the
economic situation and structural changes in the building trade, and, on the other hand, the new
technical possibilities in the planning process and in the area of communications.

The standards and communication systems compiled as part of our project support both as-
pects. Through a uniform document management, a legal basis and the standardization of the
drawings time is saved avoiding a multiple processing of the same plan documents. The stand-
ards are take into account the use of modern and direct communications and tools. The data
occurring is structured and organized during the planning period, so that it can be further used in
the operating phase of a building. ’

The Engineering Data Management System manages the organizational standards and controls
the different communication systems used. Thus both components are united in a single method.
An essential part of our project is the development of this program. My article describes firstly
the Standards, then the different. communication systems and finally the developed Engineering

‘Data Management System.
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1. Introduction

For the practical realization of an integrated plannmg system common standards and fast, user-
friendly communication systems are an urgent requirement.

My main task on the ZIPBau (Centre for integrated: Planning in Construction) project was to de-
velop a communication concept, within the networks of the project partners and to supervise the
implementation of the different standards, which | will discuss more fully in the lecture. It deals,
therefore, with the practical part of the project, which could be tested on a case study. For this
reason the emphasis of the Iecture will be more on the practlcal part. .

An important maxim for the acquisition and management of data / information arising during the
planning phase is the desire to extend the time frame over all cycles of a building, i.e. planning,
~ construction, operation and demolition. This attempt necessitates that subsequent information
requirements need to be considered already from the beginning, even if, from the planner’s view-
point, this is often difficult to achieve. Actually, the planning stage only accounts for about 10% of
the total cycle of a building. For this reason, however, it appears to us imperative for integrated
planning to take the total time of a building as a basis.

In the first part of the standards the legal requirements are explained, enabling the partners to be
able to share data. A model agreement, which should serve as the basis for a contract, attempts
to assign responsibility with its limits to the individual project partners. in this way the planning
phase and above all possible disturbances are regulated and the legal basis is provided.

Document classification is an important instrument to maintain order. Without the direct structur-
ing of new data at the acquisition stage it is practically useless later.

The layer structure is the method for classifying data in most CAD systems. As long as this
structure represents the main structure in the CAD programs and at data interchange with today’s
popular exchange formats and it forms the most important structure attribute, the def|n|t|on and
introduction of a common layer structure is vital.

A uniform classification of the building into individual elements will supersede the use of a layer
structure in the medium-term.

" The application of the defined standards is achieved by means of a program for Engineering Data
Management, which controls the management of the data and supervises communications. As
soon as the physical network is in place, the network activity can be controlled by the Engineer-
ing Data Management system. Thus management and communication are bound together and
form a comprehensive data management. The physical networks of the project partners have to
duly consider the different existing network types and must not be allowed to restrict an existing
network. :
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3. Standards
A system of planners, who use the same database, demands organizational preparatory work. -

The legal basis of the cooperation must be adapted to the networked partners. A contract regu-
lates data exchange, the obligations and the responsibilities of the individual partners.

A uniform nomenclature classifies the documents that are produced. The document arrangement
replaces the hierarchical filing of the documents. In this way the individual registered documents
are specified and retrieved. '

CAD plans in the civil engineering field are usually structured by means of a unified layer system.

3.1 Legal basis

Before a planning team works via networks on a building project those aspects have to be regu-
lated which arise from the communication and sharing of electronic data. Within our project a
contract was developed, which regulates legally the electronic data interchange (EDI).

The sources for the development of this contract are:

- ICC: UNCID Uniform Rules of Conduct for interchange of Trade Databy teletransmission,
ICC Publ. Nor. 452, January 1988

- American Bar Association: Model Electronic Data interchange Trading Partner Agree-
ment and Commentary, 1990

- UNCITRAL Report on Electronic Data Interchange, May 15, 1991, A/ CN.9/ 350
- EDI Association: Model Agreement for Electronic Data Interchange Agreement
- Commission of the European Communities-TEDIS programs
- European Model ED! Agreementt
- Contract Models for Suppliers and Users of Information Technology
This agreement aims to establish the methods and conditions for the interchange of electronic
data (EDI) between the partners involved, the determination of the legal effect of EDI and the
regulation of the remaining conditions for handling EDI between the partners. in particular, in this
way disturbances are regulated as well as the division of responsibilities for the costs involved
among the project partners.
The contract defines the individual legal transactions. Much importance is attached to data pro-
tection and security considerations in the contract, because the electronic data has to be dealt
with separately in relation to the data protection. :
The individual aspects the contract are:

Responsibilities with respect to EDI

Interruptions and disturbances
Legal effect of the delivery of EDI
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Registration and storage

Data protection and data security

Costs ‘

Responsibilities, insurances

Duration and termination of the agreement

3.2 Document classification

The significance of document classification lies in the fact that it provides the means for the
identification of documents. Since the data is not, as in the file system of a computer, hierarchi-
cally stored, but listed according to the database entries,.the classification of the individual
documents in this system takes on a central role in the data management. If an individual docu-
ment is recognized and retrieved by the document management of the computer’s operating
system by only using its name, the possibility exists in a data management system to find arbi-
trary values in addition to its name. The operating system uses as a means of classification a
hierarchical allocation in lists. The document management system , on the other hand, can repro-
duce a detailed document classification and also utilize it for the structuring of the individual
documents and is not for this reason dependent on the classification system for the files.

The document classification allows a clear allocation of each individual document. In addition,
however, it is also possible to classify the document according to its contents. In most cases
(above all in the processing of plans and visualisation) the allocation of the entire document
suffices to retrieve it uniquely. For some documents, however, an assignment according to con-
tents can be of far greater significance. The minutes of a meeting, for instance, must be input to
the document management according to the individual items, since it contains statements over
several areas of the document classification. Otherwise, the assignment is hardly better than a
. simple nomenclature.

The document classification divides into 8 different categories:

Environment/ location
Project description
Visualisation

Costs

Finances

Deadlines
Organization
Administration

Attributes are assigned to each category, which may or may not require a value. The individual
values are also contained in the document classification. Aithough technically possible, when the
values are assigned they should not be redefined, but selected from the predefined document
classification. In EDL, the data management tool we use, which | will explain later, these values
are each obtained from lists.
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3.3 Layer classification

At the moment great efforts are underway in Switzerland to correlate the layer classifications
produced by different organizations. Since the beginning of this year ZIPBau along with the AfB
(Office for Federal Buildings), the SIA (Swiss Association of Engineers and Architects), the CRB
(Central Office for Rationalizing Construction Work) and the SSUC (Speedikon User Ciub of Swit-
zerland) is coordinating layer classification. As a result a revised layer classification is expected,
which will be published by the SIA or the CRB and so the chances are good that it will be estab-
lished in Switzerland.

The models developed by ZIPBau served as basis for the common Workshops, and were adopted
in the SIA documentation D506, as also the layer classification of the SSUC, the CAD Layer
organisation Proposal ‘Structural Engineering’ of the AfB, and the ISO proposal, which should
become a European standard (ISO 13567).

At the 3rd Workshop of 19. June 1995 besides the abovementioned an interesting variant by the
CRB was presented. It is based on the element cost classification (EKG). The proposal, to start
from a building classification system, appears right to us. With it, besides the structuring the CAD
data, a technically realizable combination between graphical CAD data and the building adminis-
tration is also possible. Furthermore, the different partial models of the constructional process
developed in the research project can best be described by an object-oriented assumption. Us-
ing the classification of the individual objects processes can also be better described.

Thus, the logical classification of the building is used for structuring the CAD data. With it CAD
systems of the future will also have to structure their data for the individual parts. By incorporat-
ing such parts of the building a very satisfactory building model can be produced (object-ori-
ented assumption). A building is composed of different floors, the individual floors are composed
of rooms, these again of external and internal walls and fittings, etc. Thus, in this way, the com-
plete model may be structured and described. Thereby the organization of the graphics elements
is much clearer and readily standardized.

000 Property, site survey 010 official site survey
020 regional planning
030

" 040

050...
060
070.
080 situation planners
080 reserve

100 Preparation, special civil engineering works,

renovation, surroundings 110 construction site equipment

120 demolition
130 safety measures
140 renovation
150 lifelines (electrical, etc.) on plot of building land
160 excavation support, groundwater control
170 special foundations
180 garden, games and sports facilities
190 reserve

200 General civil engineering, traffic structures 210 traffic planning
220 basic documents
230 earth moving works
240 structures
250 geometry of traffic structures
260 highway construction
270 railway construction
280 hydraulic structures and river engineering
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290 reserve

300 Shell (or carcass) of building 310 excavated material

320 floors

330 walls, supports (load-bearing)

340 walls, supports (non-load-bearing)
350 staircases, ramps, elevators

360 ceilings, roofs, underbeams of floors
370 other building shells

380 building plumbing

390 reserve

400 Sanitary engineering, heating, ventilation, air conditioning,

cooling

410...

420 sanitation
430...

440...

450 heating

460 ventilation plant
470 cooling systems
480...

490 reserve

500 Electrical power plant, telecommunications 510 heavy current

520 heavy current plant

530 lighting, lamps

540 electrical equipment

550 telecommunications

560 general light current plant

570 safety and monitoring systems
580 special plant

590 reserve

600 Construction 610 metal construction

620 joinery

630 partition walls
640 wall linings, tiling
650 ceilings

660 floor coverings
670 surface treatment
680...

690 reserve

700 Fittings, installations, equipment 710 industrial fittings

720... .

730 farming equipment
740 transport facilities
750 conveyor systems
760 warehouses

770 building furnishings
780 surroundings

790 reserve

800 Lifeline construction, land registers

900 Reserve

810 basic documents for lifelines
820 sewage

830 drinking water

840 gas

850 electricity

860 telecommunications

870 community antennas

880 district heating

890 reserve
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4. Communication systems

4.1 Network diagram /case study model

The figure presented below shows the construction of the network for the project partners of the
ETH.

For a TCP/IP data transfer each node in a network is addressed by means of a number. With it the
connection is established to a such node and each node belongs to a computer. In fact, one does
not communicate with the computer itself, but with its interface (e.g. ethernet card). In the case of
our ISDN connections the selection of the telephone number is also made according to this
figure. One gives a name (e.g.: sinai-is), this name is then translated into an Internet number (in
the case of sinai-is to 192.33.110.1) and this Internet number is assigned a telephone number in
the ISDN configuration. In this way the name leads to the assignment of the corresponding con-
nection.

negev sahara gobi mohavi

= = = =
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The following network protocols are involved:

TCP/IP (UNIX)

IPX (Novell)

Ethershare (PC/Mac)
AppleShare (Mac)

PPP (ISDN LAN to LAN)

4.2 EDMS: Engineering Data Management System

The Engineering Data Management System EDL. of the firm Control Data used in the ZIPBau

- project consists of a multitude of single programs, which cover the different aspects of data
management. The individual programs, for example the ‘Networked Object Manager’, the ‘Desk-
top Manager’, the ‘Process Manager’ or the ‘Administrator Manager’, just to name a few, are
employed by the user for the different tasks of document management, process control and data
exchange. | shall start with the processes, which will appear in the data exchange for the case
study.

The abovementioned CAD layer organisation and document classification are adopted in EDL
and serve as for structuring purposes.

EDL is essentially a data management system, which manages all Iodal, central and decentral-
ized data. For this reason communication is an integral part of EDL and is not treated separately.

The functionality of EDL by far exceeds that of an ordinary computer file system. A computer file
system stores the individually managed documents in hierarchical directories and retrieves the
documents by using their name. For each document a few attributes, like creation date and time,
change of date, size and access rights, are stored. The management of the documents is carried
out only for a local workstation, for a closed file system or for a network. .

| EDL consists. of 3 databases:

Database with all menu items of the program
Database with all project definitions, like users and groups, processes
‘Database with the exact specification of the managed documents

EDL extends the computer file system. For each registered document a database entry is made.

.For.each document a record is stored in the database, which has either free and fixed fields. The
individual fields correspond to an attribute. A value can be input to each field. The subdivision
into a category defines solely the selection of the attributes.

Only the individual records of the database are transferred over the network. In this way there is
a minimum of network traffic and all planners have access to all documents. Because the data-
base entry contains all information about the registered document, while the document itself,
however, is only provided with a link to the effective location, these database entries are desig-
nated as metadata. '

The individual processes in EDL are:
Registering files
File information
Search for files
Attribute lists
Search for/register files from file system
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I would like to show as an example the procedure for the registration of a document:
EDL can register a document by means of 2 possibilities.

If the application is integrated, as is the case with AutoCAD, the registration is carried out directly
in the program when creating the document. )

Each document, which is created by an application and is copied locally onto the hard disk, is
registered in EDL.

Datei  Aktion  Aktual. Erzewgen Browss  Erweitern  Anzmigen  Selekt. Hilfe §
| Data Name LiEigner Geacndert Projekt Phase Status 2ugriff Stockwerk Bauabschnitt Layer Versiontext g
D GR0201001.007 Speedikon, 1994-06-15 Risirain 2.1 Vorprogekt GUELTIG WRITE 02 01 001 DemoTest H
D GR0202001,.D07 Speedikon, 1994-06-15 Risiraln 3.1 AusfuehrungUNGUELTIG WRITE 02 02 ool Registriert § i
D GR1010300.007 Speedikon, 1994-06~16 Risirain 2.2 Bauprojekt GUELTIG WRITE 10 i0 300 Registriert &
D GR1110600.007 Speediken, 1994-06-15 Risirain 2,1 Vorprojekt UNGUELTIG WRITE 11 10 600 dfgsdf gsdf :
D GR1110600.D07 Spesdikon, 1994-06-15 Risirain 2.1 Vorprojekt GUELTIG WRITE 11 10 800 KX

D GRUST1110.D07 Speedikon, 1994-06-15 Risirain . 2.1 Vorprogekt UNGUELTIG WRITE 11 10 dfgsdf gsdf

D GRUST1110.D07 Speedikon, 1994-06~15 Risirain 2.1 Vorprojekt GUELTIG WRITE 11 10 xXX

With the choice of the building project
a data list is choose automatically and
an order number has to be assigned.
This number is assigned by Speedikon

: VORGABEN E INSCHRAENKUNGEN : ZIPBau ETH

Projekt iRlsirun Speedikontyp (Modul) {Grundr iss

Datendir {/a/aub7/ Stockwerk

Bauobschnitt _
and cannot be changed. It can differ, tower ]
on the other hand, in the various firms. ZUSBEZIN | v

H File(s) gefunden
4 Filetyp Stockw Bauabs Layer Zusatznr

With these constraints the following search criteria can be entered.

The Speedikon type corresponds to the modules of the program: 3D construction, 3D structure,
front view, reinforcement, DXF, roof, floor, complete drawing, outline, measurements, plan admin-
istration, rooms, section, temporary, staircase, dimensioning, vision. If the field is left empty or
deleted, then with a list all selection possibilities are offered. - ’

Floor: analogous to Speedikon structure. '
Construction section: analogous to Speedikon structure.
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Layer: Layer organisation. The empty field with list F7 helps the user to search
down from the whole structure to the definitive layer.

1§ 53x Uaende.Stuetzen (trangend)f
H [ | 39x uaende,Stuetzen (nicht tra -
H E 35% Treppen, Rampen, Lifte

| | 36x Backen, Doacher, Unterzug |
i | 37x Ueiterer Rohbau :
H [l | 38x kanalisation in Gobaeude .

| 90 Skizzen, Hilfskonst.

| GozF1 | Halp=Fd:

Exitzi)

If all constraints have been entered, the documents on the hard disk can be shown using the key
search=f2 . '

Additional constraints can still be. made until the document or the documents, which one wants
to register, are found.

The registration of the selected documents is done by using the key ok= f1. Now the user is
asked, as with each registration, for a category and then to entrer values for the corresponding
attributes. .

5. Summary

Many of the results .expected from the case study could only be tested in a very limited way in
practice. In the fall this project will be followed by another project, in which the fundamentals
developed here will be verified. We hope that the transition from the present project will be
smooth.

The requirement of the case study presents at the same time the main difficulty. Only in the
operational phase is it possible to draw realistic conclusions regarding the usefulness of a
system in practice. in the middle of this phase, however, it is difficult to test something,
because the project partners have little sympathy for the experiment. In the operational phase
this always means a delay and that costs money.

This presentation of our project, as well as various other ONLINE publications on the same
theme can also be found on the WWW under:

http://caad. arch. ethz.ch/~sarbach/zip/zip. htm!
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1. | Abstract

The economic situation in many enterprises is becoming more and more difficult. To stay competitive all
these enterprises need to increase the performance of buildings for greater productivity, health, and safety
of occupants, to improve the reliability of facility operation and the level of occupant satisfaction with their
work environment, and to decrease the cost and environmental impact of facility operation. The purpose of
this article is to present an information system that will allow owners, operators and the public to gain
benefits from substantially improved performance of their facilities. The Facility Management System will
use advanced information technology to provide life cycle information for all relevant key processes.
Existing organization structures, division of responsibility and computer support tools are only partially
suitable to meet the new requirements. New ideas are required not only for business processes but also
for computer-supported data processing tools. This article identifies .and structures the business

. processes for the use phase of a constructed facility and it includes the different points of view necessary
to define the requirements for a multifunctional information support [51,56].

2. Introduction

The exchange of information is an essential basis for the fulfillment of all tasks during the whiole life cycle
of a construction. In all these phases the mutual exchange of knowledge regarding conditions or changing
realities from project and realization for use and demolition must be ensured. The following figure clearly
shows the information in function of time with two curves during the entire fife time of a construction. The
first curve describes the actual state of the information today. The phases from "owner planning” to
‘completion” is marked by a greater quantity of redundant information. The main reason is a redundant
data management from all participants involved in the construction process. Shortly before completion the
available information quantity rises to a maximum. After that the curve sihks to a minimum essential
information quantity for the initial organization[39]. .

N
% 4 construction process Use of the building
s
L]
S
Time
Owner planning  Conceptual Detalle ' Tendering Construction  Puttinginto  Operation Demotition
Analysis, Design  Design Design Operation . .
. Completion
— state (today) :
- = state (tomomow)
( gradient of the curve = measure of the expense to get the necessary informations)

Fig: 1 Information about a building during the whole life cycle

The operator of a construction is usually unable to build a good basis for an efficient operation, even if the
information gained during the planning and realization processes is well organized and specifically
delivered to him. The data from the building process must be available for a possible reconstruction or a
change of use of the object. It is costly to procure or to prepare them again, .if this data is not easily
available. After such tasks similar errors are often made as after the realization of the whole construction
due to a lack of discipline in documentation, so that the newly gained information status cannot be
preserved. In the "conclusion and commissioning” phases, the SHOULD-curve shows a quantitatively
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smaller amount of information in contrast to the 1S-curve due to the elimination of the redundant data. For
the transformation into the use phase a level of necessary data which must be submitted is defined. For
" possible structural measures or use-related activities required for their optimum functioning the necessary
data can be taken from this quantity since the required information status is preserved during the entire
life time of the construction. Up till now a large part of the research was concentrated on planning, design
and construction of structures. In these areas the research work made an essential contribution to the
increase of the quality and yield of a construction. The use phase was often neglected. However, here
also strengthened efforts in the area of information processing are necessary. it is not enough to consider
the care of a construction as completed when it has been put into service. The information created during
the construction process has to be maintained for the new status and must not be lost, since a possible
loss can prevent an efficient running of the facility.

Procedure

A multitude of institutions with quite different interests is involved in the operation of construction facilities.
According to this diversity there are also very different views conceming these problems. Many solution
processes already fail due to a lack of understanding of the same problems. Therefore, in a first step it
was tried with a broad approach to record and to structure possible processes during the use phase ina |
model. Thereby, the chosen procedure differs in some respect from conventional attempts, where as a
rule a certain problem is focused and its solution is then compiled in detail. However, integration means in
fact the contrary, which is the joining of individual elements to build a whole. The integrated consideration
of the operation of construction' objects, therefore, stands clearly in the foreground with the chosen
attempt. During the investigation of the above mentioned processes it becomes obvious that a model for
information processing must be very open and has to consider the dynamics of the system. In a second
step such a model is presented and explained under different aspects. In conclusion an attempt is made
to present a partial process and a part of the operation with the developed methodology, respectively, and
the further procedure to an integrated system development as an example.

3. Management of Facilities

A construction facility is supposed to fulfill different purposes in its life time according to the goals of all the
parties involved. This use of the facility, however, forms just one aspect of the integrated observation
during the period when the facility is built and when it is demolished. In order to have a structure which can
be optimally used within a desired period, it must also be maintained, developed and modified according
to the changing realities, i.e. it must be taken care of. Finally, a facility should riev_er be considered
separately, because it is aiways embedded in an environment which must accept or integrate the facility.
These three characteristic views reflect the interests of the major participants in the use phase of a
construction facility. :

Viewpoint of the owner: Care

Construction objects are major assets of an institution. This investment must be safe during the expected
life time and must perform with the required efficiency. In the center of this viewpoint, which can be
characterized as care, is the construction object with its structural parts. By the strategic planning process,
as an important subprocess of care, a much longer period of use must be considered and long-term
observations carried out in contrast to the construction phase. A further aim of care is to provide the
optimal use of the construction object. This requires efficient operation. However, use can change over
time, thus requiring structural and operational adaptations. The flexibility of the construction object
regarding such changes of use is already heavily influenced during the creation process. The subsequent
users and operators should be involved. in the organization of the construction from the beginning.
Adaptation for other uses during the operating phase may result in interferences in the structure which
raises the costs significantly. Of course, it is unavoidable that certain construction objects are limited to a
specific use. Finally, a lot of administrative work arises in relation to purchase, leasing, financing and
documentation of an object.

The care of facilities requires to a great extent.a long term observation of all the activities related to the
development of the facility, since the phase of use, e.g. of construction objects, takes, in principle, several
decades. Certain factors cannot be recognized or influenced in the short term and can only be observed in
a long term view, i.e. in the future. To accomodate these factors strategies are established which do not
define specific measures, but rather, they identify only fundamental methods of treatment which enable us
to accomplish our goals. :
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| strategic plannini -

| operation

use

| maintenance

VVV

| administration

Fig. 2: Processes of Facility Management

" The operation of the facility creates the necessary requirements for a smooth satisfaction of the objectives
defined for the facility. In the operation here, the supply function dominates in comparison with the
execution function. If the expression "operation” is used in connection with an object, then it is, in the first
place, meant to be the acquirement and optimum use of resources, the disposal of waste materials and
the minimisation of emissions considering specific needs of the supervisor, the user and the public. The
expression "maintenance” refers to all the measures within the framework of facility care which ensure
and develop the continued existence of the object and its value. Maintenance is divided into three areas of
activity namely "supervision”, "preservation” and "renovation”. The activities of "administration® consist
mainly of administrative tasks like financing of the facility, its buying, selling or leasing as well as
bookkeeping in relation with the care of the facility.

Viewpoint of the user: Use

In general, use means to utilize something according to its purposes. The purpose of an object is basically
determined by the type of use for which the object was conceived. Possible use categories can be found
for example in German and Swiss Norms (living, teaching, education, research, industry, trade, technical
facilities, etc.). From this.classification, it can be seen that the use of an object can be very versatile and
-that, accordingly, the requirements imposed from the point of view of the user on the form and
functionality of the facility can vary to a great extent. Since for the user, the facility is only a means to
accomplish his goals, his most important aim is not to maintain the facility, but {o be able to use the facility
for his purposes in an optimal manner, i.e. he considers how he could use the facility for his purposes in
the best possible way. As a resuit, he may have t6 modify the facility according to the specific use. Similar
to strategic care planning, the future requirements of the facility must be formulated from the point of view
of a specific use of the facility and the long term planning. For this purpose, the long term goals are
formulated considering the economic, social and ecological developments in the environment of the
facility. The strategic planning for use, furthemmore, consists of the same areas of responsibility as the
strategic planning for care. The difference with strategic planning for care, however, is that the solution of
the problems should be performed considering the aspects of use and the organization participating in the
use. It has been seen that it is desired to be able to change the ways of use in the course of time. This
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requires that the creation and care of the facility is not just based on a specific use, but rather, they enable
a certain degree of flexibility with regard to the use. For this reason, certain concepts have been followed
in the last few years, e.g. in the area of industrial and trading facilities. Here, flexibility is ensured, e.g. by
conceiving the structure in an open way where the parts of the construction which are heavily dependent
on the use are connected to the load carrying structure in such a way that in the case of a possible
change in use, the corresponding sections can be replaced with minimum expense. The maintenance and
development of facilities which depend on use belongs to the central tasks of facility use. Some typical
administrative works are realized in relation with the use of a facility. Among these are, e.g., describing in
which way the facility can be used. Other tasks relevant to the administration of use consist of
documenting the relationships of the user organization with the facility. This includes the data related to
the facility for staff, contract and insurance .

Viewpoint of the public: Integration

Every facility must be integrated in its environment throughout its life time. All these tasks, which must be
fulfilled by the members of the environment, can also be identified as integration. From the functional point
of view, integration can be separated from care and use, because despite the fact that integration can
largely influence care and use, its primary goal definitions are different. The primary goal in integration is
to influence the facility or shape the environment in such a way that the facility can be embedded in the
whole in a positive way. This includes the provision of the necessary infrastructure for the supply of the
facility. The realization of any facility in our world means simultaneously its birth in the area of influence of
- a-society in which certain rules of behavior exist. These rules manifest themselves as laws, regulations,
standards and guidelines. The legislation and the imposition of regulations is dealt with differently
according to the nature of the political state. Interests specific to facilities, however, can also be
formulated by certain groups of the population, e.g. through interest groups, engineering societies and
organizations. In principle, these groups have no political character but they can be taken into account in
the form of standards or guidelines by the legal bodies. Other remarks in the form of recommendations or
as technical publications only have the character of advice.

As a member of the community, the facility must be supplied with the vital means for its existence and
also be released from its waste materials. For construction facilities, we speak about infrastructure, which,
in technical terms, summarises the necessary economic and organizational means. It includes the supply
of operational, communication and transportation means as well as the disposal of waste materials. The
infrastructure of a facility can be very complex. If we consider, as an example a high technology building
with all its supply, disposal and its communication systems, we realize that the technical requirements for
such a construction and its environment are very high, because not only the building itself consists of high-
quality structural components, but also the public networks for the infrastructure consist of such units. In
the same way, as the technology changes inside of the facility, the means in its area of influence must be
modified accordingly. This requires a development of existing structures in addition to the usual measures
for maintenance . o '

Table of Terminology

Describing processes by using three characteristic aspects allows the recognition of typical activities for all
areas as shown in the following definition matrix [46]. The strategic row is an essential factor, to keep
track of the long-term planning. The operation row consists of the dynamic component and the
maintenance row contains the value-preserving and value-increasing components. Finally, every aspect
includes specific administrative activities. Recognizing this structure allows the representation of the
management process as an orthogonal matrix. -
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Fig. 3  Table of terminology
Construction Process

The special view of construction processes related to a facility is missing in the matrix shown.
Nevertheless, construction is obviously regarded as an important process in the entire life time of a facility.
In contrast to other assumptions, the construction process is investigated here as a repetitive process,
which runs along similar lines to the creation process, but with other preconditions. According to the SIA
[43] and from the constructional point of view, the entire life cycle of a construction facility is divided into
the six major phases of strategic planning, preliminary studies, planning and design, realisation, use and
demolition or in the ten sub-phases of strategic planning, preliminary studies, preliminary stage of project,
construction stage, preparation for execution, execution, putting into operation, completion, use and .
demolition. There is an emphasis on the construction process in this model of the construction facility and,
therefore, it is structured in greater detail. Strategic planning plays a central role in the entire life time of a
construction facility. In particular, it determines during the phase of use whether demolition or
maintenance measures [41] should be employed.
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3.. Information Modelling

Exchange procedures in the form of materials, energy and information is possible among the elements of
a system [44]. The investigation of the information relationships is the main .issue in the information
. system which can ailso be viewed as the subsystem of the communication system. The major aspects
which have to be investigated are concemed with the participating organization units, the analysis of the
processes and the necessary product information for the processes [19]. '

Aspect of Products

Integrated observation of a machine-made product during its entire life cycle led to the idea of the product
model [14]. The product model describes all information related to a product during its entire life cycle,
especially during its use. The product is modified during this life cycle by the processes. The manner in
which these changes take place is described under the aspect of the processes within the information
system.

Product model (1) Product model (2)

Figure 5: A process is a transformation function from one state of a product to another.

Experience from the computer-supported production of parts in the manufacturing industry is also very
important for facility management. Manufacturing of parts cannot be directly compared with the products
of facility management processes. But.especially for modelling the building itself ideas conceming a pro-
duct model are also useful for the description of the data in relation to its life cycle. Several research
approaches are known in that area as well as standardization efforts (e.g. ISO 10303 "STEP") [22,23].

Provided that basic concepts of integration such as functional and phase integration are to be considered,
then an object oriented model is necessary because the observation of product models on the basis of
their application requires a combined observation of the data and methods [2, 24,25). The entire object set
for describing a product can be classified according to the object oriented model. It consists: of both
material' as well as non-material objects. The material objects can be further subdivided into the visible
and tangible physical and non-physical objects [54]. Every object which is necessary for the illustration of
‘the product information must either be assigned to such a class or be instantiated from it.
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Fig. 6 Classification of Objects

The entire information content of a product model can be described by subsets, the so-calied partial
models, where each partial model comprises a set of products with semantically similar characteristics
[20]. Product models for construction facilities must describe a facility for its entire life time, which covers
the phases of creation, management and demolition. The aim in developing such product models is to
describe all relevant functional aspects during the life time from different points of view. It is not the
responsibility of this work to investigate the phases of creation and demolition of construction facilities,
rather the emphasis is on carrying out the specifications of product models for the phase of use and the
phase of management. The development of the product model for a construction facility must, therefore,
- take place in such a way that using the partial models of the product model, the product “construction
facility” can be fully carried out from the point of view of care, use and integration. In the literature, different
‘models can be found [31,32,34], in order to describe the creation of a construction facility as a product
model with partial models. The creation of a construction facility, i.e. the actual ‘construction process,
however, is not the major issue for facility management, rather it is its maintenance, operation,
administration, etc. The product model of the structure, therefore, must be extended towards the product
models of the products of management processes. This will be demonstrated as a model for the
maintenance process in the next section "Maintenance". :

.Classes, Attributes, Méethods

The complete description of products related to a process is done according to ‘the object oriented
paradigma by classes describing the objects, the characteristic attributes and the behavior of
encapsulation methods [30,37,42]. The latter are related to the product according fo the principle of
encapsulation and basically result by their execution in a change of the properties of the product.
Consequently, in the product model, the description of classes, their relations, properties and methods of
material and non-material system components follows the description of the product considered. In
addition to the properties and methods mentioned above, the product model contains information about
other properties like the function and status of their classes. Under a specific product model point of view,
these perform a certain function and have different statuses within their life time. The status of a class
instance is defined by the value of its object attribute, while the function of a class, as long as it deals with
‘a persistent relationship, can be modelled, for example, by association. Non-persistent relationships are,
for example, message passing among classes. A hierarchical system view will be explained in more detail
in the next sections. Most OOA methods support the observation of a class structure as a hierarchy and
corresponding concepts like total-partial-relationship, generalisation, specialisation and inheritance are
available. On the other hand, easily understandable concepts for the methods are considerably lacking
today. In the most OOA methods, the described methods do not have to correspond to the so-called
elementary methods which can be further subdivided and executed. Similar to class hierarchy, it is usually
inevitable for the process modelling to subdivide processes into subprocesses or to aggregate
subprocesses into a whole process. This procedure can be basically accomplished by different criteria
[40].

The object oriented organization of a method into submethods deals for the submethod with performances
on the same object. The process oriented organization deals with performances on different objects and
finally in functional oriented organization we have the same performances on different objects. The
process oriented organization ¢an also be viewed as a result of object oriented methods. The instance of
such'a class togéther with the method to be executed forms an elementray part of the process steps.
Each non-elementary method of a class can further be refined by an object oriented and process oriented
" observation. In the process oriented view, the creation of more classes, to which the corresponding
methods are assigned, will be necessary in principle in the design. The functional oriented division deals
with a relationship which shouid be considered under the concept of inheritance because as with
properties, methods can be inherited as well. The methods are described in the product model in a clear
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manner up to the level of elementary methods based on the object oriented approach. During the process
modelling, the methods specific to classes will then be related to the executable and controllable
" components of the organization model using the workflow. Which method of the product model will be
eventually used, depends on the product and the degree of accuracy of the results required.

object oriented process oriented functional oriented
B tobuild awall Il torentanappartement B to paint construction parts
——® o reinforce the wall — & o advertise the app. 8 o paintwalls
—® 1o concrete the wall B to ckeck letters H paint columns
‘——& o paint the wall [——————8 tomeet with intress. ™ 1o paint windows
——— & {osign the contract — ¥ o paint installations
different operations of the same cdlass different operations of different classes the same operation of different classes
Fig. 7 examples for different organizations of methods
Aspect of Processes

The characteristic key processes of the construction management of facilities was described in  detail in
the section "Management of Facilities". The creation and the demolition process were deliberately ignored
in view of well-known models.: According to the chosen model, the processes correspond to. -
transformation functions where the key processes do not deal with sequentially ordered subprocesses of
the management process, but instead with a mainly parallel course of events. As a result, the processes
are not only connected to one another by their chronological order but also specifically through common
events! These can be, e.g. in the framework of a specific key process, the decisions made, which can
also extend its influence on other processes or states, which are relevant to several processes. The
modelling of processes, therefore, correponds to modelling the dynamic system behavior of object
oriented systems. This includes, for example, the modelling of the process steps and the behavior in
specific circumstances or by the coming true of predefined states as well as the examination of specific
aspects from the organizational point of view. In this form, an object with an object oriented model can be
understood as the result of operations in a system of parallel active objects. Here, the objects represent
the persistent components of the system under consideration. Concepts for modelling the dynamic
behavior are the steps and the behavior of the objects taking into account time and control aspects, like
e.g. states and events. The process model will be investigated in the following sections under the aspects
(behavior, steps, workflow) which are necessary for the description of the dynamic system behavior.

Behavior

Each class of the product model can be in different states in its life time and these states can change -
during a process. According to the object oriented model, the attributes of a class and therefore its states
can only be changed by methods specific to classes. For every class with a nontrivial behavior, the
methods relevant to state transitions throughout the life cycle of the class are identified and depicted in a
State-Event-Diagram. The consistency of the diagram can be examined by controlling whether each state
can be described by the class attributes and whether it can be changed only by the methods specific to
the objects. The state diagrams specific to the classes are associated with one another by commonly
used events and exhibit, in this way, the behavior of the whole system [40].

Process steps

The communication among instances of object classes consists of mutual calls of methods specific to
classes and a hierarchy of communicating objects. This functional oriented view of the system is referred
to as the steps and contains in addition to the description of the possible message passing (scenarios)
among the objects, the specifications of the participating methods.

Workflow

The partial models of the process model, based on the object oriented analysis methods, have offered so
far no possibilities to specify the relationships between processes and organizations. In order to fill this
semantic gap, a workflow model is also introduced such that the assignment of organization units
“directing” and “executing” to directing and executing objects as an additional dynamic system aspect can
be modelled. The assignment of working units to organization units is dynamic and specific to the process.
This view.is also represented by M. Rusinkiewcz und A. Shet, who define workflow as “activities involving
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the coordinated execution of multiple tasks performed by different processing entities”. The definition used
is similar to the one given previously and is based on the works of Georgakoupoulos, Hornick und Sheth:
Workflow comprises a series of ordered, organized working steps necessary for the fulfillment of the goal
of the process, which have clearly defined positions and means for their execution. This view of the
workflow as the connection joint between the process element and the organization unit exceeds the usual
view that workflow only corresponds to informative processes that can be automated [713,41]

Aspect of Organization

We distinguish between human and machine responsibilities in a socio-technological system. Human
responsibilities are based on persons as members of the organization in that field of activity, whereas
machine-based communication are based on computers. The computers, which are used extensively
today for collection, transfer, processing, storage and application as electronic supports, belong, together
with the software, to the resources of an organization. The project participants also need documentation
for their work, which can be interpreted as data views on paper. The documents can also be viewed as an
interface from the users to the data of the product model, since they represent the form and the collection
for the data for an effective use.

PPO-Model

The consideration of the information system in the separate aspects of the processes [6,7,16], the
products and the organizations is not based on their independence, but-only helps in the simplification of
the examination of a complex information system. The organization model, the product model and the
process model are closely connected to each other. Together, they define the chdracteristic properties of
an information system. The model described below is based on these submodels and is therefore referred
to as the PPO-model [46].

Components of the Mode!
model l content object oriented concepts
O -product model  description of the product on the basis of the  object model

data from different points of view for the entire
lifeé cycle of the product -

classes . definition of classes forming the structure class diagramms with class identification, attributes,
generalisation and specialisation relationships,
. aggregational relationships
properties definition of the characteristic properties of a  attributes specific to classes
class
methods definition of the executable, encapsulated methods specific to classes in class diagrams
methods )
Q process description of the dynamic behavior by  dynamic model
maodell specifying the key processes . :
steps definition of the process sleps as a result of  event path, event flow diagram
process chains controlled by events,
specification of the activities .
behaviour behaviour of a class in ist life cycle, life cycle diagram (stats-event specific to classes),
synchronisation of ist life cycle (connecting concepls of synchronisation (synchronisation of
states and events through synchronisation) state-event diagrams specific lo classes)
Q organization description of executables and directives in the  object model
model course of a process as well as their ressources
positions description of positions as a component of the  modelling of positions and their relationsships
’ organization analogous to the concepts of the product model
’ : (classes, altributes, methods)
function units description of function units as a component of  modelling of function units and theit relationships
the organization analogous to the concepts of the product model
(classes, attributes, methods)
materials description of materials as a component of the  modelling of materials and their relationships
organization analogous to the concepts of the product model
Fig. 9 Aspects of the PPO-Modell
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Procedure of model development

The development of product, process and organization models is a part of the development of information
systems and therefore also goes through the phases of planning, analysis, design and implementation. By
developing object oriented technologies and the related concepts of object oriented analysis and design, it
is much easier today to develop all models with the same methodology and to produce the relationships
between the process, the product and the organization models throughout the entire life cycle with an
object oriented view of the system. A principal assumption for the understanding and the application is the
simplicity of the method since the development of such a system always proceeds in close collaboration
_with the participants, who are experts in a specific field and are seldom familiar with methods of
information processing.

Process definition
O Establishing Classes
QO Establishing Attributes
O Establishing Methods
Q Establishing Behavior
a
Q
Q
4

o

Establishing Process steps
Establishing Workflow
Refinement

Maintenance

Aspect of the Processes
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date not
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. object [ mat. object )
Z'b’"m perform control
measurement
. characteristic
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loading vaiued
values ok > <no(o.k.
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define measures
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Fig. 9: Example Process "Supervising®

The definition of key processes for the management was valid for all types of construction objects. The
further examinations are fimited to the maintenance of the building. By definition, key processes belong to
those procedures which are aimed at achieving the principal goals of those responsible for the process.
The aims of the maintenance of the construction facility is to ensure their continued existence and value,
where the expression "continued existence" refers to the continued existence of the material structure of
the construction like e.g. the securing of their proper functioning. The necessary steps for process
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analysis are influenced on the one hand by the exacution of other tasks as well as by the social,
economical, technical and ecological constraints. This results in a complex network of possible
relationships, whereby it.is not necessary to have mutual relationships between all the tasks. Wherever
relationships exist, they are formulated as mutual requirements both on the processes as well as on their
results (products). The requirements specific to the maintenance imposed on the building and its
construction parts include the proper functional efficiency, durability, serviceability while the maintenance
specific requirements imposed on the maintenance process and its subprocesses correspond to the
categories of costs and dates. The figure above shows a sequence out of the process "maintenance”.

Aspects of the products
technical
real estate facility
plot energy cons.
poliution
services building ' funct. disturb.
ground cond. oper. condition
instaliation
. char. value
e ——
spatial material
structure
element cost
1
L 1
process cost
utilization space unit value
util. type intemal profile
date
util. restriction space condition location
cover
util. duration loading type . ——
T starting date
age - ending date
period
status
material — status assess. L. participant
damage
loading final
experiment Mmeasure examination
date 1 loading type protocol
time meas. inacc. contract
meas. resut improving -
calc. value
meas. valug
meas. instrum.

Fig. 10: Choice of properties of the class "construction part™

The classes relevant to the maintenance process are identified in the product model. These are described
on the basis of their properties and methods where the physical material objects are the most important
aspects for the maintenance project. The methods are formulated as independently as possible from the
structure or structural part so that it is possible for them to be inherited in the product model. The
inheritance is performed in a class structure which describes the building in which the classes are
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connected to -one another by their whole, their parts and the generalization and specialization

relationships. .The generally acceptable organization of a building in its parts is an essential requirement

not only for the general understanding, but especially for the encapsulation of the maintenance methods

with the classes of construction parts. Some endeavours are bemg carried out today for establishing such
. standards.

class "Physical, non-material Objects”

The organization of a building in parts is not only possible on the basis of the elements but also according
to space criteria [48]. An organization on the basis of space, however, is less relevant for the maintenance
than for other key processes of construction management.

Aspects of the organization

So far, the participating functional units and the documents arising in the process have been determined
for the examination of organizational aspects. The required system support with the consideration of
standards [35,36] is under development.

5. Conclusion

The key processes of facility management were recognized in structuring the use phase of an object
under characteristic aspects. The matrix proved right and may be used for the definition of the specific
processes of an institution whereby the recognition of the mutual dependencies is noticeably eased. It is
supported by different specialists from institutions that are active in the area of facility management. They
were involved in the creation of the definitions used in the matrix. It is important, that the use and integra-
tion of an object are no longer considered as frame conditions, but are integrated into the observations
with the same weight, thereby allowing a better orientation to the customer and the public needs. The aim
of further work is the analysis of the most important key processes and recognition of their mutual rela-
tionships. The informative resources should be defined with the help of the product model and structured
with object oriented concepts.

This article was based on the results of the analyses in connection with the research project "Integrated
Planning and Communication in Construction” at the Institute for Planning and Construction Management
(IBETH) in cooperation with the Chair for Architecture and Building Technology (HBT) and the Chair for
Computer Aided Architectural Design (CAAD) at the Swiss Federal Institute of Technology.
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