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Abstract

This paper presents an approach to achieve computer aided compliance checking of building
designs against building regulations.

. Introduction

ompliance checking of building designs is required to enforce standards related to safety, health,
nvironment and economy (e.g. energy consumption). In the Netherlands, like in most countries,
is required that a detailed design is submitted to the local building authorities to obtain a building
ermit. A building permit can only be obtained if the building design meets the requirements of the
ublic authorities, as laid down in numerous regulations and standards!. Figure 1 shows an IDEF-
diagram of a global standards and regulation view on the building process.
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Figure 1. Globa! function model of the building process

ure 1 illustrates the fact that during the design process architects and specialists use computer
tems, but the people who do the compliance checking not. Firstly because no computer
plcmcntanop of major parts of the standards and regulations has been reported and secondly
ause there is no agreed neutral format for the exchange of building data in a multi-vendor
'l_ronment_. For that reasons the information transfer from the designer to the building authorities
till done in a traditional way, e.g. through technical drawings and the like. Also the information
hange from the building authorities to the designers and engineers has not undergone much
nge. In the Netherlands, like in most other countries, several attempts have been made to

°nd the idea of electronic data interchange also to the compliance checking process, but these
TS never had mych influence nor results.
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2. The product modelling approach

se a new approach to the process of computer aided compliance checking

:g K]g &apggs‘zsx ;:)rl(l)pgle usage of so called product models. Our approach requires (1) ap

: Pl ling ir ' i ' , that can serve as a stangyrd;
i odel of the building in the ‘As Designed stage ( ardiseq
Eﬁi?;?;?;](;g:nat for product data exchange and (2) an information model of the bmlding

regulations. The paper discusses two alternative approaches.

allow the detailed building design (As Designed) to be submitted i, s
Oformal and to provide the building authormc:sl with C;\CC"SYS_tems thay
is data models as their input. This approach requires a complete imp ementation of the
gflci:ﬁ:ll)izgursegﬁladons in the CACC-systems. Whether the CAD/CAE—systc_ms in use have any
knowledge about regulations or not, is not important. The advantage of this approach is that y
might be possible to allow the CACC-systems to be based on different sets of regulations, ¢, g.10
check the same design against the regulations of different countries, which might become

important in Europe after 1992.

The second approach is to transfer knowledge included in the standards and regulations upstream
to the designers and engineers, e.g. to implement (parts of) the regulations in the systems and/or
information models used by the CAD/CAE-systems. When it is possible to provide designers ang
engineers with systems that can do on-line compliance checking, much could be gained.

The first approach is, t
standardised computer

The paper presents some of the results obtained so far in our research on the application of product
modelling in the compliance checking process. In section 3 we w1Il_pmsem a part of a product
model of a family house, which we use as an illustration of the ideas presented. Section 4
discusses the content and structure of the building regulations and section 5 shows a part of 2
producttype model which includes some requirements. Finally section 6 gives a brief summary
and the main conclusions.

3. Kernel of the House model

A product model is an information mode! of a specific product. Here we concentrate on family
houses, so a product model is a model of a particular house. A product model can be developed
for each individual house that we have to build, or, as an alternative, we can develop a so called
producttype model, which is an information model of a class of products [8], in this case a model
of the class of products called family houses. A product model is then an instantiation of 2
producttype model. At TNO-IBBC we are working on the development of a producttype model for
:)huildings]uscd for housing, called the House model. In this section we will describe the kernel of
€ model.

In general there are two ways to look at a building. One way is to look at a building as a spatial
system. This is the spatial view, where we see the buildin g as a collection of space parts (rooms,
passages, etc). The other way is to look at a building as a building-technical system (the building-
technical view), consisting of building elements (floors, walls, columns, ...}. The House model
starts with the observation that we can describe the spatial system as a hierarchy of spaces.
However we cannot look at the spatial system without looking at the building-technical system,
merely becqusc the plqments from the building technical system, like the floors and walls, make up
the spaces in a b‘ulldmg._ln the House model we want to integrate both views. This can be
accomplished by introducing an artificial entity called 'space part delimiter'. Every space partis
delimited by space part delimiters which belong only to that space part. A space part delimiter ca
be formed by a separation construction. To the space part delimiters we can attach information thal
is only relevant for one side of a separation construction, i.e. the points for electricity supply
connections, switches, and the like, e.g. information that is only relevant for that particular space
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instance is a connection between two space parts. This kernel of the House model is sketched
T i

‘NIAM? in figure 2.
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Figure 2. Kernel of the House model

th this kernel we are able to model houses. We can make all kinds of specializations of the
ecttypes. Specializations of space parts are for instance: house space, floor space, room space,
hroom space, passage space, etc. The specialization of the space part delimiters goes in parallel
that of the space parts. The specialization of the separation constructions only introduces the
ecttypes vertical, horizontal and slidin g inner and outer separation construction. With these
cializations we are able to model houses on the required semantic level.

Building regulations
Building regulations in the Netherlands.

he Netherlands we have an hierarchy of standards and regulations that are applicable to houses.
the top level we start with the Housing law. Under the Housing law we find the Building by-
s and the overall Building regulations called the "Bouwbesluit" (BB). The BB contains the
ulations that have to do with the general building and living technical aspects of houses. All the
T aspects that have to be considered before a building permit can be given, are contained in the

lding by-laws. Under the BB we find the national standards and the preconditions for
hections for gas, electricity and water.

-building regulations currently under consideration are only those mentioned in the BB. The
arch concentrates on modelling the standards and provisions in the BB and the underlying
lations. The BB consists of functional requirements. The individual requirements consists
'}]}’ of two parts: (1) why the requirement is given and (2) the requirement itself. The
rement itself is made up of a condition part, a subject, what is demanded of the subject and a

of dctcrmiqing whether or not the requirement is met. Some simple examples of the semantic
| of the requirements included in the BB are:

42.1 The house must contain at least one place to wash oneself, which has been realized by
ns of a separate bathroom.

423 The bathroom should contain a wash stand, which is connected to the waste water

ﬁi;ge System. Over the wash stand there should be a water tap, that is connected to the water
systemn.

—_—

sens Information Analysis Method

131, ; : .  Fo ’
ISOSTEP gng use Exomess [13]. NIAM is the informal modelling language we use. For the detailed models we
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4.2 Computer models of building regulations. f |
ildi i | te some time n
] regulations and standards has been going or.1 or qui now [3,4
? cgﬁaﬁ:rg'; ﬁ:-ld\lkrflﬁ ghtg[S] distinguish three kinds of star_ldqrds. performance, Prescriptive ang
procedural standards. Performance standards state that a building or a subsystem muyg; function i,

. s ict limits on the size and content of 1, il
ay. Prescriptive standards place stnict _ 1 con huildin
gsgﬁ%r&g]s etc. Prgcedural standards define rules for measuring quantities in the buxlding t(g;
be dCSign’cd or for analysis. Each standard then exists of a number of provisions, in oy Nationg]

situation these are articles and sub-articles.

has been done so far uses a number of ba!sic elements to dcscri_be a standarg
'];dhcz:sstcogagf: ;c;rnl:;:gt arf: data items, decision tables, informau_on networks and outlmgs, The day
items are the variables occuring in a standard. The data can be either terminal, intermediate or iy
data. Decision tables represent the logic to be used to determine the values of the data items. The
information network shows which data have to be evaluated prior to thc evaluation of 3 specific
data item. The outline is the way the provisions in a standard are organized [6]. Other work dope
at TNO, tried to deal with the same problem as Fenves [3], namely the mutual consistency of the
standards. In this project the researchers developed a grammar for a part of the Dutch building
regulations, Other research tried to apply rulc-basc(_i expert systems technology, which resulted ip
an actual implementation of our national fire regulations.

In our research project we are not concentrating on the devclopment of grammars for building
regulations, but on the implementation of the standards and regulations view on buildings, e.g. o
the following two questions:

(1) How can we extract the information required by the building authorities out of the product

model, or:
(2) How can we model the requirements presented in the standards and regulations?

5. Extracting the regulations view and modelling the requirements

All of the research projects mentioned above only considered the regulations itself, with the aim of
supporting the writers of standards, and did almost nothing to the interface with CAD Systems,
Exceptions come from the former National Bureau of Standards [7] and of TNO [11].

The first aim of our research project is to map the semantics of the product model in the 'As
Designed' stage on the semantics of the standards and regulations. This is necessary because the
BB is rather global and does in most cases not refer to specific entities included in the product
model. The BB is for instance only interested in global functions, Where a designer distinguishes
a sleeping and a living room, the BB calls both rooms residing spaces’. The BB is also not
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be modelled and (4) that it is easy to match the requirements collected in the FU's to the
lsarcaaé:cristics collected in the TS's.

3 shows a small part of the House model. It shows that the FU "Place to wash oneself is a
gure :n and thus inherits the kernel entities of figure 2. It shows also that there may be
s alternative TS's, but the TS ‘Bathroom' is required by art. 42.1 of the BB. Next comes
ffﬁrggmposiﬁon of the TS ‘Bathroom' in: 'Wash stand place' (required by art. 42.3), 'Waste
¢

', 'Tap' and 'Water supply connection' and of course many other entities that are left
;‘e.;}?::ﬁ;honspbetween the entities follow from art. 42.3.

Figure 3. Part of the House model with BB requirements included

ummary and conclusions

€ptual modelling techniques can be applied to the process of compliance checking required in
uilding industry. Computer Aided Compliance Checking, allowing the industry to submit the
led designs in some computer format, requires (1) a neutral format for product data exchan ge
Ing developed by STEP), (2) a mapping of the semantics used in the product model to the
ntics of the standards and regulations and (3) the implementation of the requirements of the
ards and regulations in an information model. As an example of how CACC can be realized,
Per (1) presented a small part of a producttype model for family houses (the House model),
Scussed the semantical mapping required and (3) illustrated the modelling of some of the
tments as described in our national global building regulation, the "Bouwbesluit" (BB).

Otk proceeded it became clear that the development of an international standard for product
"XChange in 5 multi-vendor environment is mandatory to the success of CACC. The
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upported. A second conclusion is that it is not to difficy);
develomen:gg Iiomﬁrspgu;gcﬁg » [;,F;Ooduct. but that it is much more difficult to d'evelopg
g:;gll:?: ‘:y%c r:f)dcl which covers a range of products of the same type, Especially 1,

; 5 codes of practise, norms and regulationg wi
incorporation of realistic parts of the standards, p

N take

much time and effort.

References

1.

2.

o0

10.

1.

12.

13,

Bjork, B.C., Basic Siructure of a Proposed Building Product Model, Computer 4; ded
Design,vol. 21, no. 2 (March 1989). | o |

Danner, W.F., A Global Model for Building-Project Information: Analysis of Conceprug
Structures, NBSIR 88-3754, National Burcau of Standards, U.S. Departmer, .
Commerce, Gaithersburg, April 1988. .

Fenves S.J., Wright R.N., Stahl, F.I, Reed, K.A., Introduction 1o SASE: Standarg;
Analysis, Synthesis, and Expression, NBSIR 87-3513, National Bureau of Standards, 1) §
Department of Commerce, Gaithersburg, May 1987.

Gero 1.S., AMUBC System: Final Report, Department of Architectural Science, Unjvem[y
of Sydney, Australia, August 1984,

Harris I.R., Wright R.N., Organization of Buildings Standards: Systematic Techniguey Tor
Scope and Arrangement, NBS Buildings Science Series 136, National Bureay of Standards,
U.S. Department of Commerce, Washington, September 1981.

Kihkonen K., Bjork B-C., Computerization of Building Standards, Research report 484,
Technical Research Centre of Finland, Espoo, June 1987.

Lopez L.A., Elam S.L,, Wright, R.N., Mapping Principles for the Standards Interface for
Computer Aided Design, NBSIR 85-3115, National Bureau of Standards, U.S. Departmen
of Commerce, Gaithersburg, February 1985.

Tolman F.P., Product type models, PU-90-13, TNO-IBBC, Rijswijk, June 1990,

Turner J.A., AEC Building Systems Model, IGES/PDES AEC Committee Report, Version
3.6 January 1988, ISO TC184/SC4/WG1 Document N

Gielingh W.F., General AEC Reference Model (GARM). In: Proceedings CIB W74 +
W78, Lund, Sweden, 1988.

Tolman F. P., Westerman R., A pilot version of a building code independent CAD-system,

Proc. on the Europ. conf. on CAD, MICAD 80, Paris, 1980, North-Holland publishing
Comp. pp. 477- 486.

Tolman F.P., Kuiper P., Luiten G.T., "Product Modelling at Work". In: Proceedings CIB
W74 + W 78, September 1990, Tokyo. ¥ y

Olle T.W., et all. Information stems desi thodologies: } i 3
Hollard, 850, 5y gn methodologies: a comparative review. North




