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AUTOMATED CODE COMPLIANCE CHECKING: A SYSTEM FOR
CHECKING FIRE CODES

SUMMARY

Architecture today has evolved into its most complex form. There are many criteria
such as fire safety, acoustics, sustainability etc... that must be controlled by
architects or engineers. To accomplish a standard on these criteria, governments
publish different codes. For a building to get a permit and to be constructed it must
be checked against those codes and pass this checking. Until today, regulation checks
have being done manually by people. This process requires extensive manual work
and time and is prone to errors. The automatic compliance checking software is a
requirement to avoid costly mistakes or at least minimize it.

Two recent advancements in the field can change the human reliant nature of the rule
checking process. The first one is the development of BIM (Building Information
Models), which is a digital building model that defines buildings with various
parameters. The other one is the development of expert systems that evolved in
parallel with the progresses in Artificial Intelligence. Rule checking systems can be
regarded as specialized expert systems.

There are ongoing studies to accomplish a fully automated rule compliance system.
The most successful one is CORENET, which is in use in Singapore. With the help
of the CORENET, in Singapore all code checks are done digitally. Apart from
CORENET there are other efforts in Norway, Australia, and USA but they are
concentrated on some special issues such as accessibility.

From the early works and the general structure of all previous code checking
examples the code checking process is divided into four stages. These are; 1) “Rule
Interpretation” where the written rules are translated into computer recognizable
forms, 2) “Building Model Preparation” where the design are transferred into digital
world via BIM software, 3) “Rule Execution” where the rules are applied to the
building models and 4) “Rule Reporting” where the results and the errors (if any) are
displayed to the user.

In this thesis, we present our model for automated code compliance checking. Our
motivation for this study is that there is no previous effort to develop automated code
checking in our country. Our work will be foundation to build a local code check
engine. Accomplishing a fully automatized code checking system is a huge
undertaking thus we have restricted our area to egress clauses in fire codes. This is
because we have limited resources in terms of time, budget, work force etc... But
according to the results of our current work, we will continue with a broader
spectrum of code.
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Our model consists of two interworking modules. First one, translates human written
codes into computer recognizable entities. This is done manually by the programmer.
Every entity defined in the codes whether it is a spatial entity such as egress route,
circulation or an architectural element such as doors, ramps; it is regarded as an
object. Objects have parameters like width of a door and methods for extracting the
needed information such as distance between two doors.

In second module, rule checking is performed. This module uses IFC to retrieve data
needed for rule checking. IFC is a neutral data format, which ensures most of the
BIM programs if not all of them, are usable with our model. The retrieved data is
stored in a database and this module processes this data.

After rule checking module finishes checking the building model, the results are
given to the user. The results can be PASS if all of the codes are satisfied, FAIL if
one or more clauses fail and N/A if there is some missing information, which
prevents the program to run. If the result is, FAIL then the program reports, which
clauses of the code fail, and shows the cause of the problem. The report page will be
interactive so that users can check each clause individually. It is possible to export
this information in pdf, doc or xml format or to take print outs of the report.

The implementation of the model is done in Java and for database part, MySQL is
used.

We discussed on the advantages and drawbacks of our model according to the results

of this study. If we find this model as viable, we will continue our study and broaden
our scope in the area we cover.
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OTOMATIK YONETMELIK UYGUNLUK KONTROLU: YANGIN
YONETMELIKLERI KONTROLU iCIN BIR SISTEM

OZET

Mimarlik, giinlimiizde daha 6nceki donemlerde oldugundan ¢ok daha karmasik bir
hale gelmistir. Mimarlik, Miihendislik, Insaat (AEC) firmalarinin, tasarim siireci
boyunca ve tasarim sonrasinda kontrol etmeleri gereken yangin giivenligi, akustik,
stirdriilebilirlik gibi birgok kriter vardir. Kamu i¢in insa edilen tiim binalarin
yasalara uymalar1 gerekir ve yasalara uygunluklarini kontrol etmek amaciyla insa
edilecek bina islevine ve ele alacaklar1 kistaslara gore bir¢ok farkli yonetmelik
yayinlanir. Bir firmanin bir projeyi gergeklestirebilmek i¢in ruhsat almasi gerekir ve
ruhsat alimi siirecinde inga edilen ya da edilecek binanin onlarca yonetmelige uygun
olup olmadig1 kontrol edilir. Bu giline kadar yonetmelik kontrolleri insan uzmanlar
tarafindan ve elle yapilmaktaydi. Fakat bu islem c¢ok fazla is giici ve zaman
gerektirir ve ayrica hatalara aciktir. 1998 yilinda Ingiltere’de yapilan bir toplu konut
projesinde insa edilen tekerlekli sandalye rampalarinin ¢ok dik ve dar olduklari
ortaya ¢ikmistir, bu rampalarin yeniden diizenlenmesi 800.000 Sterline mal olmustur.
Bu gibi hatalarin ortaya ¢ikmasini engellemek ya da en azindan azaltmak icin
yonetmelik ve sartname kontrollerini otomatik hale getiren yazilimlara ihtiyag
duyulmaktadir.

Gliniimiizde yonetmelik kontroliiniin insana dayali olmasini degistirebilecek iki
gelisme yasanmaktadir. Bunlardan ilki Yapi1 Bilgi Sistemi (BIM) adi verilen ve
yapilarin 3B obje modelleri seklinde ¢izildikleri bilgisayar uygulamalarinin gelismesi
ve bu sayede cizilen projelerin bilgisayar tarafindan yorumlanabilen objeler haline
gelmesidir. Ikinci gelisme de 20. yiizyilin ikinci yarisinda, yapay zekanin bir kolu
olarak ortaya cikan, bir insan uzmani taklit eden, onun verdigi uzmanlik hizmetine
yakin hizmetler veren uzman sistemler gelistirilmeye baslanmasidir. Uzman
sistemlerle, Yap1 Bilgi Sistemlerinin gelisip beraber ¢alistirilmalar1 sayesinde yakin
bir gelecekte herhangi bir Yap: Bilgi Sistemi uygulamasinda ¢izilen bir yapinin
istenen bir kural tabani dahilinde incelemesi yapilabilecek ve c¢ikan sonuglar
tasarimciya geri beslenebilecektir.

Otomatik yonetmelik kontrol sistemi gelistirmek i¢cin devam eden ¢aligsmalar vardir.
Bunlardan en basarilisi, Singapur’da kullanimda olan CORENET tir. Singapur’da,
CORENET yardimi ile tiim yonetmelik kontrolleri dijital olarak yapilmaktadir.
CORENET disinda Norveg, Avustralya ve ABD'de de baska ¢alismalar vardir ama
bunlar erisilebilirlik gibi bazi 6zel konular lizerinde yogunlasmaistir.

Bu tezde, gelistirilen otomatik yonetmelik kontrolii sunulmustur. Bu ¢alismay1
yapmaktaki temel amag¢ daha once Tirkiye icin gelistirilmis otomatik yonetmelik
kontrolii ¢alismasinin bulunmamasidir. Bu ¢alisma sonrasinda ¢ikan modelin, ileride
gelistirilebilecek tamamen otomatik yonetmelik kontrolii sistemine temel olusturmasi
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hedeflenmektedir. Tek bir yonetmelik i¢in bile olsa otomatik yonetmelik kontrolii
sistemi olusturulmasi isi ¢ok biiyiikk bir istir. Bu calismada bdyle bir girisim i¢in
yetecek biitge, zaman, is giicli vs... bulunmamaktadir. O yiizden bu modelde, yangin
yonetmeliklerinden kacis rotalarinin diizenleyen boliim ele alinmistir. Bu ¢alismada
c¢ikacak modelin daha sonra tiim yonetmelige uygulanmasi planlanmaktadir.

Daha onceki g¢alismalardan ve su ana kadar gelistirilmis otomatik yonetmelik
kontrolii modellerinin yapilarindan yola ¢ikarak, otomatik yonetmelik kontrolii siireci
dort etaba ayirlir. Birincisi yonetmeliklerde yazili olan kurallarin yorumlanmasi ve
makine tarafindan islenebilir mantik kurallart haline getirilmesi, ikincisi yapinin Bina
Enformasyon Sistemi programi igerisinde olusturulmasi ve bu sayede yapinin
yonetmelik kontroliine uygun hale getirilmesi, {i¢iinciisii yonetmelik kontroliiniin
uygulanmasi ve son olarak da ¢ikan sonucun tasarimciya geri bildirilmesidir.

Calisan bir otomatik yonetmelik kontrolii modeli yapabilmek i¢in bu dort etabin
programda olmasi gerekir. Kural yorumlama etabinda, kullanilabilecek iki yontem
vardir. Bunlarin birincisi, kuralin doniistiiriilmesinde programei kullanilmasidir. Bu
yontemin eksigi, yonetmelikte olacak her degisimde, programcinin programi tekrar
diizenlemesi gerekir. Ayrica bu islemde kurallarin doniisiimiinde insan kullanildig:
i¢in insan faktoriinden tamamen bagimsiz bir sistem gelistirilememistir ve kurallarin
cevrilmesinde programcinin yapacagi herhangi bir hata sonrasinda program hatali
calisacaktir. ikinci metotta kurallarin gevrilmesi isinde Dogal Dil Isleme (NLP)
programlar1 kullanilarak yazili kurallar dijital hale otomatik olarak doniistiiriiliir. Bu
yontemin eksigi ise, insan dilinin bilgisayar tarafindan islenmesinin ¢ok karmasik
olmasidir. Bu modelde birinci yontem uygulanacaktir.

Yap1 Modeli olusturulmas: etabinda, yonetmelik kontroliiniin yapilacagi yapi bir
Bina Enformasyon Sistemi programi kullanilarak ¢izilmelidir. Bu sayede yapi
hakkindaki gerekli tiim bilgilere program tarafindan ulasilabilir.

Kural kontroliinii yapildig1 etapta ise, dijital hale getirilmis kurallarin kontrolii
gerceklestirilir. Bu etapta 6nemli olan higbir kuralin atlanmamasidir. Son olarak
sonucu bildirildigi etapta kontroliin sonucu ve eger varsa hatalar kullanici bildirilir.

Bu modelde de ayn1 yaklagim kullanilmistir.

Gelistirdigimiz model 1ki modiilden olusmaktadir. Birincisi, kullanicilarin
yonetmeliklere kolay erisimini saglamak i¢in yapilmis olan Bilgi modiiliidiir. Bilgi
modiiliin kullanic1 araylizden segtigi maddenin igerigine kolaylikla erisebilir. Bu
modiiliin ¢alisabilmesi i¢in yOnetmeliklerin bilgisayar ortamina aktarilmalari
gerekmektedir. Bu is i¢in Genisletilebilir Isaretleme Dili (Extensible Markup
Language - XML) kullanilmistir. Tiirkiye Yangindan Korunma Y dnetmeligi XML
kullanilarak modele aktarilmistir ve model bu XML dosyasinda istenen maddelerin
icerigini kullanictya gdsterir.

Ikinci modiilde, yonetmeliklerin kontrolii gerceklestirilir. Bu modiil ydnetmelik
kontrolii icin gereken veriyi elde etmek i¢in IFC kullanir. IFC, bagimsiz bir veri
formatidir. Modelde IFC kullanilmasi, BIM programlarinin hepsi olmasa da c¢ok
bliyiik ¢ogunlugunun modelle birlikte caligsabilecegi anlamina gelir. IFC dosyasi
sisteme yiiklendikten sonra bu IFC dosyasinin icerdigi bilgiler mySQL’le
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hazirlanmig bir veritabaninda saklanir. Sonrasin kullanict kontrolii yapmak istedigi
maddeleri secer. Bu maddelere gore olusturulmus algoritmalar sayesinde
veritabanindaki bilgiler kontrol edillir. Eger bu bilgiler, algoritmalarda sakli olan
kosullar1 sagliyorlarsa o maddeyi GECTI sayilir. BIM’de olan modelden erisilen
veri, bir veritabaninda saklanir ve yonetmelik kontrolii yapan modiil bu veriyi isler.

Yonetmelik kontrolii modiilii yap1 modelini kontrol ettikten sonra, ¢ikan sonuglar
kullanicilara iletilir. Sonug, yap1 eger tiim ydnetmeliklere uygunsa GECTI, eger bir
ya da birka¢ yonetmelik maddesine uygun degilse KALDI olur. Eger programin
calismasini engelleyecek bir bilgi eksigi varsa sonu¢ N/A olur. Eger sonu¢ KALDI
cikarsa, program binanin uymadigi yonetmelik maddelerini bildirir. Rapor sayfasi,
kullanicilar isterlerse herhangi bir yonetmelik maddesine gore kontrol
yapabilecekleri sekilde ayarlanmistir. Cikan sonuclar pdf, doc veya xml formatinda
kaydedilebilir ve ayrica sonuglarin ¢iktisi da alinabilmektedir.

Programin uygulanmasinda Java programlama dili ve mySQL veritaban
kullanilmustir.

Bu calisma sonrasinda ortaya c¢ikan model heniiz gelistirilme asamasindadir.
Modelde heniiz birka¢ madde i¢in yonetmelik kontrolii yapilabilmektedir. Ayrica
heniiz bir grafik raporlama segenegi bulunmamaktadir. Ancak iiretilen modelin, daha
sonraki calismalara bir ¢erceve olusturarak ilerideki ¢alismalart kolaylagtiracagi
diisiiniilmektedir. Bu yiizden 6nemli bir girisimdir.
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1. INTRODUCTION

Architecture today has evolved into its most complex form. Architecture,
Engineering, Construction (AEC) companies have many criteria to check such as fire
safety, acoustics, sustainability etc... during or after the design process. All buildings
that are constructed have to obey the legislation; and for this purpose, there are
different codes published depending on the type of the building or the criterion they
are referring. Thus, generally for a building project to get its approval, a design firm
must satisfy dozens of building codes. If we do not count some unfinished systems
that are present in some countries, code checking is a manual process done by
experts. This process requires extensive manual work and time and is prone to errors.
For instance, in a mass housing project done in England in 1998, the ramps for the
wheel-chaired users are found to be too steep and narrow. The required slope and
width for the ramps are published in the codes but designers failed to check this
information both during the early design phase and after the design check phase. The
reconstruction efforts cost GBP 800,000 and it took more than eight months to solve
the problem and deliver the project. (Nikkhah, 2003). If automated code compliance
checking systems (ACCCS) are developed, it will be possible to minimize if not
avoid mistakes like these.

Two advancements are progressing that can change the human reliant nature of rule
checking process. The first one is the development of BIM (Building Information
Modeling), which is a digital building model that defines buildings with various
parameters. The other one is the development of expert systems that evolved parallel
with the progresses in the Artificial Intelligence (Al). The rule checking systems can

be regarded as specialized expert systems.

1.1 Problem Definition - Motivation

Codes, regulations, and specifications are important assets of construction industry.
They draw the bottom line to the performance requirement of a building. Without

these requirements performance of buildings would vary greatly, which would ruin



the general accessibility of public spaces. Therefore, abiding to the general

requirements of a project is vital for construction industry.

The problems of codes are that there are vast volumes of different codes, in these
codes, there is constant referencing between clauses, which makes following and
locating the needed information from these codes difficult. In addition, most of the
time codes are written in an old, legal language, which also makes it difficult for a
designer to understand the clauses. Moreover, there are many different subjects of
codes and these codes “create a massive volume of semi-structured documents with
possible differences in formatting, terminology and context” (Lau, 2004). Because of
these reasons, AEC companies treat these regulations as if they are a liability they

should obey, instead of an asset they can take advantage.

The act of abiding to the regulations become more complex, if a firm operates in
many countries and the rate of multinational firms is big enough to give importance
to this issue. A survey on the difficulties of obeying to the regulations of different
countries, found this result: “Widely divergent legal restrictions present a growing
obstacle to multinational companies ... The more prudent multinationals want to
comply with data protection laws in an efficient and coordinated manner. It’s just not
obvious to them how to do it. The laws vary from jurisdiction to jurisdiction, they are
constantly changing, and sometimes difficult to understand ... a surprisingly large
amount of companies are still “solving” this problem by ignoring it” (Raskopf and
Bender, 2003). The emergence of automated code compliance checking systems will
help in checking designs against the regulations from all over the world. Designers
will be able to change the rule schema according to the country they are working to,

with “a click of a button”.

Complexity of regulations causes AEC firms to devote considerable amount of time
in code compliance checking. In a survey about code compliance checking, it is
founded that in a project architects typically spend more than 50 hours per discipline
and if you think about the four main discipline (structure, architecture, mechanical
electrical and plumbing (MEP), contractor), it takes more than 200 hours for code
checking (Young, Jones, and Bernstein, 2007). The minimum time spent is 30 hours,
and it takes 3-4% of the design time. This amount can rise up to one third of the
design time spent for the project. In the same survey, 85% of the architects
responded that they are interested in automated code compliance checking. These



values prove that there is a need for ACCCS by the architects. With the appearance
of ACCCSs, designers will invest more time in their designs instead of spending

hours on checking their designs against the regulations.

Checking a project against code compliance in the early design stage is nearly
impossible in the traditional manual way, as the regulations are not separated for
design stages. Generally, in an AEC firm architects design a structure relying on their
expertise and common sense. The final product is tested in the late design stage or
even in the documentation stage. In this stage if the building does not comply with
the regulations, it is redesigned. This is iteratively performed until it is approved by
the authorities. In addition, any changes by the clients will result in rechecking of the
project. ACCCSs will allow the designers to check the projects in any design stage,
as the clauses will be arranged accordingly. Moreover, constant changes in design
will not infer any additional difficulty or cost about the code checking of design
because with the ACCCSs designs can be checked instantaneously.

21% century dictates its own criteria on AEC industry like any other industries. These
criteria are: “globalization, continued innovation, technology uptake, digitalization,
the need for interoperability, standardization of the information and exchange
methods etc...” (Yurchyshyna and Zarli, 2009). Globalization changes the way AEC
companies work. Today most of the big AEC companies works in more than one
country or at least it operates in coordination with foreign firms. As mentioned
before they must obey to the rules of the country they work in. Continued innovation
and technology uptake must be followed and taken into the process, to be
competitive and to lessen the costs. Digitalization allows working faster and more
accurately and it makes exchange of information easier. The need for interoperability
iIs more prevalent as there are more criteria in the design that needs to be addressed
by different actors. Standardization of the information and exchange methods allows
faster, more accurate exchange of information, which in turn allows simultaneous
working and interoperability. These values are embraced in the industries like
automotive, electronics etc... and in turn, these industries made a leap in
productivity, profitability and less error in production. However, AEC industry is
more conservative in applying new values into its work cycle, thus cannot profit
from the new criteria of the century, as much as other industries. This situation can

change with the introduction of new technological tools into the AEC industry and



making these tools fundamental to the work cycle of AEC industry. ACCCSs and
BIM are the two tools that will help AEC industry, in their quest for modernizing the

tools and processes.

All construction projects must take approval before it is started to be build. This
approval is given by governmental organizations. Code checkers, check the projects
from its building model and these models can be a two dimensional (2D) Computer
Aided Design (CAD) drawing or a BIM model. The code checkers do this process
manually. Project owners, apply to several branches like fire safety, structure etc...
for a project to get the permit. As a result, it takes more time to get an approval,
which in turn increases the costs of a project. In addition, this process is open to
errors as the code checkers are generally overwhelmed with lots of projects to
approve. The development of ACCCSs will take the burden of code compliance
checking against dozens of different regulations from the governments. Governments
will require much less officials and this will save money. The approval times will
considerably get shorter which will make the economies of these governments more

competitive and in turn, this can encourage commerce and industry.

Finally yet importantly, the manual code approval process is not transparent enough,
as it is not easy to inspect the process to avoid corruption. “Corruption around the
world is believed to be endemic and pervasive, and a significant contributor to the
low economic growth, inhibition of the provision of public services and increase in
the inequality” (Zou, 2006).Therefore, corruption is seen as an obstacle in a healthy
country and it needs to be battled. Corruption in the approval stage of design is a
serious problem in developing countries. Often in these countries, the code checkers
are bribed to get an approval on a project that cannot otherwise receive an approval,
or at least they are bribed to shorten the process. There are thousands of different
project approvals generally stored in files and folders, thus it is extremely difficult to
recheck these approvals. With the introduction of ACCCSs, the code compliance
checking process will be completely transparent. Any stakeholder of a project or an
official can view the results of the checking. The results will be stored in the systems,

and they can be rechecked in the case of a dispute.

When we inspect Turkey with the above-mentioned topics, the current situation is
not promising. Firstly, AEC companies do not pay enough attention to the
regulations. This fact is prevalent in most of the criteria of the buildings like



accessibility, fire safety, earthquake safety etc... For example, most of the public
spaces in Turkey lack properly designed accessible structures. In addition, Turkey is
a country constantly under threat from earthquakes and several major earthquakes
happened in the last fifteen years. The high mortality rate after those earthquakes is
found to be because of poorly designed and poorly checked structures. A number of
reasons for this poor design and poor checking maybe lack of experts, corruption and
lack of proper methods to inspect the designs. All of the three problems can be

remedied by introducing ACCCS aimed to work with Turkish codes.

In addition, regarding the easiness and quickness of having one project checked
against the required building codes and getting an approval for one’s project, Turkey
is one of the worst countries in the World. This fact is reported by Doing Business
organization, which assesses the countries all around the World regarding some set
of criterion to find the easiness rating of doing business at those countries. In that
report, it is shown that one must complete 24 procedures, pay costs worth 197.7% of
its income per capita value and it takes 189 days to get a construction permit (Url-1)
(Figure 1.1). Turkey is ranked 155" out of 183 economies for the easiness of dealing
with construction permits. What is worse is that the current trend is downwards, as
Turkey was 153th in ranking the year before which shows it had dropped two ranks.
Most of the 189 days that take during the approval stage goes to the code compliance
checking. We can compare these values with Singapore’s values to see the effect of
ACCCSs. Even though Singapore has a partially working ACCCSs, it is 3" in rank
of easiness in getting an approval (Url-2). It takes only 26 days to get an approval for
a project, which is 163 days less than Turkey (Figure 1.2).

Indicator Turkey Eastern Eurcpe & Central Asia OECD

Procedures (number) 24 20 14
Time (days) 189 238 152
Cost (% of income per capita) 1977 440.8 457

Figure 1.1 : Overview of easiness of dealing with construction permit in Turkey
report published by Doing Business organization (Url-1).

As can be seen the reasons for developing ACCCS is multifold. It is obvious that
ACCCSs will shorten the code checking time, lessen the errors during the checking,
make the projects more cost effective because both the checking time will reduce and

there will be less errors that must be fixed after the completion of the project. In an



industry where even a tiny cost saving will make AEC companies more competitive
among the fierce competition in the market, implementing an ACCCS is critical. In
addition, ACCCSs will add transparency in the approval process. Because of these,
there is an immense interest on developing ACCCSs both in the industry and in the
governments. However, although there is an ongoing hard work all over the world,
we could not find any study occurring within Turkey for Turkish regulations. That is

our motivation for this study.

Indicator Singapore East Asia & Pacific OECD

Procedures (number) ah 17 14
Time (days) 26 159 152
Cost (% of income per capita) 181 991 457

Figure 1.2 : Overview of easiness of dealing with construction permit in
Singapore report published by Doing Business organization(Url-2).

1.2 Scope - Contents

Our aim in this study is, to learn the structure of ACCCSs, inspect examples of them,
and finally implement a demonstration system that checks a building model against
some clauses from Turkish Fire Codes. Implementing an ACCCS is a huge
undertaking, there are many different technologies used and the different rules
require different expertise. In addition, there are many clauses to address. In order to
suit into a master’s thesis, the scope of the implementation is limited to couple of
clauses. As a source of the rules, we selected egress rules part from Turkish Fire
Codes. The reason in this choice is that egress route codes are complex in nature as it
deals mostly with circulation, which is difficult to inspect with computers. This
complexity can demonstrate general complexities of automatic code checking
algorithms. In addition, there is no system dealing with Turkish egress route rules, in
the end of this work there will be a system some clauses of the fire codes of Turkey,
which is intended to be evolved into automatic code check system of Turkish Fire

Codes in the future.
This thesis is organized into five chapters:

Chapter 2, discusses about ACCCSs and their four stages. These are; 1) “Rule
Interpretation” where the written rules are translated into computer recognizable

forms, 2) “Building Model Preparation” where the design are transferred into digital



world via BIM software, 3) “Rule Execution” where the rules are applied to the
building models and 4) “Rule Reporting” where the results and the errors (if any) are
displayed to the user.

Chapter 3, is about the examples of ACCCSs. The selected examples are; CORENET
— Singapore, DesignCheck — Australia, SmartCodes — USA, General Services
Administration — USA and finally Statsbygg — Norway. The chapter gives detailed

information about these examples, their scope, contribution and features.

Chapter 4, is about the system we have developed, that is Fire Codes Checker. We
have discussed the features, the implementation process and the software that is used
in the process. Finally, the system is tested with a building model according to two

clauses from the Turkish Fire Codes and results are discussed.

Chapter 5, concludes the thesis. The final remarks and future prospects of the system

Is discussed in this chapter.






2. AUTOMATED CODE COMPLIANCE CHECKING

Automated Code Compliance Checking is the act of checking a building model
against regulations, using computerized processes. There is an ongoing effort to
automate the code compliance checking process. The earliest efforts started in 1960s
with Fenves’ (1966) effort on structuring of the codes in decision tables so that they
can be resolved easily. These tables are structured such that one can find related
clauses by following the branches of a logic tree (Figure 2.1). This work was manual.
Later computers started to take part in the studies, one example by Fenves and
Wright (1977) was about software tools to manage regulations. With expert systems
coming into the scene, these efforts in the structuring of the codes and regulations
shifted into developing systems that can automatically assess some clauses from
regulations. These systems used 2D CAD drawings as the source of building
information. 2D CAD drawings could not accommodate vast numbers of properties
that building elements have. As a result, the studies were restricted to some aspects
relating to subjects like fire safety, accessibility etc...With the advance of Building
Information Modeling, which is “a digital representation of physical and functional
characteristics of a facility”, the information content of building models improved
drastically. It covers three geometric axes (X, Y, Z) along with time and cost as
fourth and fifth dimensions. Moreover, it includes spatial relationships, quantities
and properties of the building elements and physical information such as light etc...
The added complexity of the projects meant that the projects turned to be developed
by teams often assigned by governmental institutions instead of small group of
researchers developing the projects in the earlier efforts. Today there are ongoing
studies about automated code compliance checking systems in the countries like
Singapore, USA, Scandinavian countries. Further details on ongoing research will be

presented in details in the next chapter.

Tan et. al. (2010) mentions about some important cases to be considered in ACCCSs,
these are; 1) rule checking software must point out which object does not obey to the
code, 2) most of the codes apply different rules for different situations so rule



checking software must consider all of these situations, 3) codes can be changed
frequently and the program must be adjusted accordingly, 4) rules are different on
each region or country and these changes must be applied in the program, 5) finally
if there is not enough conversation between the developers and the rule makers, the

software can work in an erroneous way (Han, Kunz, & Law, 1997).

CATECORY = B
BUILBING = NEW
POTENTIAL EXISTS FOR
GROUNE RUFTURE

HOT SATISFIED

USE
POTENTIAL EXISTS FOR GROUMD RUPTURE
NOT SATISFIED

Figure 2.1 : Decision table example taken from Fenves’ work (Fenves, 1982).

From the early works and the general structure of all previous code checking
examples Eastman et al. (2009) as it will be discussed divides the process into four
stages. These are; 1) “Rule Interpretation” where the written rules are translated into
computer recognizable forms, 2) “Building Model Preparation” where the design are
transferred into digital world via BIM software, 3) “Rule Execution” where the rules
are applied to the building models and 4) “Rule Reporting” where the results and the

errors (if any) are displayed to the user.

2.1 Rule Interpretation

Building codes and specifications are written by people. They are presented in the

local language as written form. They are not always complete; they lack some
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definitions and some particular cases, even some codes clash. In those cases,
common sense of the architects and engineers apply. However, computers do not
have any common sense, so every case must be defined without leaving any gap, to

have a successful automated code compliance checker.

I I N

Extracts and derives model view
data for checking

Model view generation,
Supporting:
(a) deriving implicit

Rule Interpretation properties using enhanced

Translates a written rule- objects

base into computer
implementable one

(b) derive new models
(c) performance-based
rmodel views & analysis

Method for translating
rules from text format:
(a) by programmer

(b) employing predicate . .
logic ™. < - I™

Visibility of layout rule
parameters

Reporting results back to
submitter (or checking
agency)

Rule instance graphical
reporting

Ontology of names and | = 4 |
properties for rule ' [ . -
definition

Reference to source rule

Applies rules to building model

Rules coded in Model view syntactic pre-
(a) computer code; checking

i |
L B TR 20 Management of view

submissions:
(a) completeness of rule
checking:
(b) model version
| co nsistency

Figure 2.2 : Overview of four stages of ACCCS (Eastman, 2009).

The organization of the written codes is also complex, which makes it difficult to
locate the rules that apply for a domain. This is mainly because the codes are
fragmented along different chapters. For example, a rule about egress route for a
wheel-chaired user in a hospital can be found in chapters about egress route,
hospitals or in “Disabilities Act” section. For manual code checking, this is a time
consuming problem as the code checker must review all chapters and apply the ones
that is related with the subject. Likewise, this is also a problem for automatic rule
checking as well as computer must be aware of the domain it is working in. (This as

well becomes a challenge in establishing)

2.2 Building Model Preparation

In the traditional manual checking of building codes, project managers submit their
building models as 2D drafts. These 2D representations are aimed for human
perception, so their first aim is to represent the entire information available as

geometrically correct for humans to check. Eastman et. al. (2009) gives an example
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for this concept. A stair is a stair when drawn like a stair for a human code checker.
However, an object drawn like a stair, is not a stair if it is not defined as a stair object
in the building model for an ACCCS. Therefore, today there are more restrictions on
how to model the structures. Designers need to select the appropriate building
elements while modeling to accurately represent the building, which may be difficult
as different modeling tools handle these elements in a different manner. However,
this disadvantage is evened out when it comes to added capabilities of object based

modeling tools like clash detection, automated code compliance checking etc...

Today, all the efforts in developing an ACCCS use BIM capable modeling tools,
when modeling their structures. After generating the building models, they are
exported in IFC file format. IFC is a neutral data format that is accepted as a standard
file format in BIM application especially on ACCCS. It is designed to help
interoperability between different tools.

2.3 Rule Execution

After the building model is setup, the codes that are translated into computer
workable algorithms functions, are applied into the building model. However, before
these rules are checked, the building model is pre-checked to see if the building
model has the required objects, properties etc... required for the checking. This
checking can be a full checking, which makes the checking in, one go, or most
frequently the check is separated into separate model views. These separate model

views are reserved for one part of the rule set.

According to Eastman et. al. (2009) the rule checking is straightforward if these two
conditions are met: 1) the rules are translated into computable forms, which involve
functions, 2) the functions are prepared with respect to the information of the

building model.

Of the when rule checking is executed, the process is partitioned into rule sets. These
rule sets are checked separately but to give a complete result of the checking these
sub parts must be managed. Management has two important aspects. One is that it
must ensure that no rule set is skipped or missed. Second issue is that because there
is partial checking and during these checking of the parts the building model may

change the results may be inconsistent. This must be avoided.
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Due to developing an automated code checking system is a complicated task, which
will take many years, during this process of the development there will be some

mixture of manual and automatic code checks.

2.4 Rule Reporting

After the checking process finishes, there comes the reporting of the results. In this
phase it is critical to include every entity that is checked against a certain rule in the
report. By this way, one can check if the rule checking included the all entities from
the building model. From thousands of different object groups like doors, windows
etc... it is important to check and report every other entity separately. For example, if
there is a rule about door width every door must be checked accordingly and

reported.

While the rules are implemented in the rule base they are partitioned according to the
object type, design stage etc... they refer to. It is of great use for designers or
approval committees to select the criteria that they want to see. For example, one
architect checking its project in the early design stage, do not need reports about the

clauses referring to the specification design stage.

While reporting thousands of different entities, the problem of property referencing
these objects arises. For example, for spaces, floors, doors alike there is a naming or
numbering schema that is already in use by architects. However, most entities lack
proper naming scheme. Therefore, these entities must have a referencing scheme for
properly indicating which object is the faulty one. For example, some error in wall
thirty-five is very hard to locate within a building model. Instead of this, a graphical
reporting methodology is devised. In this report, faulty object needs to be shown with

its coordinate in the project and it needs to be shown with a camera focus on it.

In the reports, it is also important to show which clause of the code the object
violates. This time the process is reversed. For the object, the program must find the
clause it violates and preferably show the definition with the current situation. It is

also best way to show improvements in the code.
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3. AUTOMATED CODE COMPLIANCE CHECKING SYSTEM EXAMPLES

In this section, we will give examples of rule compliance systems that are developed
until today. All of these examples are still in development phase and they are subject
to changes. In addition, most projects have commercial value, as it is obvious that
companies that develop fully automated code checking systems will have a great
asset in their name. Therefore, information to these projects is often limited and it
may be possible that some changes occurred in the projects. The sources of the
information about these projects come mostly from papers of authors who have been
participating in these project groups or informed by attending project presentations,

conferences and by personal communication with the project team members.

3.1 CORENET - Singapore

CORENET is an acronym for Construction and Real Estate Network, and it is a
project started by Singapore Ministry of National Development in 1995 to “propel
the construction and real estate sector into the new millennium by re-engineering the
business processes with state-of-the-art information technology to achieve a quantum
leap in turnaround time, productivity and quality” (Khemlani, 2005). Singapore
Building and Construction Authority (BCA) builds and maintains the CORENET. It
is the first working system that became operational.

CORENET is an e-government project and it is a huge undertaking. It is not a
coincidence that first example of a working ACCCS appear in Singapore. Singapore
has started developing its well thought master plans from the time they got
independent in 1965. From those days, there were constant reforms to develop
physical development regulations and starting from early 80’s they started using
information technology aggressively to succeed in better control of physical
development (novaCITYNETS, 2012). This willingness to use IT along with strong
leadership that force the citizens’ to enforce development plans and coordination and
communication between agencies and organizations, made the development of
CORENET, possible.
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CORENET is a “comprehensive network system consisting of a series of IT systems
and services that allows seamless and expedient communication and exchange of
information between relevant government agencies and parties involved in
construction and real estate industry” (Sing and Zhong, 2001). It is developed to

cover wide variety of processes in project life cycle (Figure 3.1).
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Figure 3.1 : The processes from the project lifecycle covered by CORENET (Sing
and Zhong, 2001).

CORENET consists of three modules; these are CORENET e-Submission,
CORENET e-PlanCheck and CORENET e-Info (Figure 3.2).

CORENET e-Submission is a web-based system and it aims to collect the entire
project related documents and drawings needed for the code checking process against

variety of different areas in one place. This system has many benefits compared to
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Figure 3.2 : Three modules of CORENET: CORENET e-Submission, CORENET e-
PlanCheck and CORENET e-Info (Solihin, 2005).

the traditional building approval process. Firstly, the documents or drawings need not
to be printed as they are delivered digitally. This makes e-Submission greener and
there will be less space required for storing these digital files. Furthermore, project
owners do not need to visit dozens of different officials at different places in the
working time, as entire documents about the project can be uploaded from anywhere
and at any time. In addition, project owners can check the status of their project
approvals and officials can post these status changes from one place. Moreover, the
application forms and fees are collected from one place. Besides, transparency of the
approval process is improved as every participant can check the progress of the
project online. Lastly, since all of the different agencies working in the AEC field are

situated in one place their rules and forms become homogenous.

E-Info, is a website for presenting the entire official documents about construction
and real estate in one data format online. Project developers can access these
documents anywhere, anytime. It is a fast, easy and reliable way of accessing
reference materials, thus the importance of the hard copy regulations or other

reference materials diminished (Figure 3.4).
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Figure 3.3: CORENET e-Submission (Url-8).

e-Info uses Extensible Markup Language (XML) for transforming written documents
into machine recognizable format without losing its human readability. It is used for

transferring documents for use in different applications.

E-PlanCheck module is the most ambitious part of CORENET and its aim is to allow
“designs for new buildings to be digitally checked against building codes, using
automated procedures, rather than manual paper based processes” (buildingSMART,

2002).

It has a long history of development. It first started with the idea of checking CAD
plans with the help of Artificial Intelligence (Al) in 1982 (Fatt, 2005). In 1984 and
1988, attempts to develop a successful plan checking system failed. In 1991, a master
plan for “transforming Singapore into an intelligent island” (Sing and Zhong, 2001)
is developed and its result in construction and real estate was checking of the

feasibility of the Al plan checking idea one more time.
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Figure 3.4 : CORENET e-Info (Fatt, 2005).

As a result, of this feasibility study, the idea was found doable, but it is also
discovered that a new standard on intelligent CAD data format is needed for this
effort.

In the time from 1994 and 1997, a neutral CAD data format for Singapore and an Al
plan checking system is developed. It is called Building Plan Expert or BP-Expert.
The experimentations with this system found some serious shortcomings. First of all,
it was very costly to develop and maintain a local, proprietary CAD data format valid
only for Singapore. In addition, it was not flexible enough for a complex system like
this. As a result, it did not operate well with inconsistent or bad data, which was very
frequently encountered. In addition, it only covered some building codes clauses.

Added to these were performance issues which in the end make this system unusable.

Although the system was not usable, the effort for developing it proved vital for the
general effort. The developers noted two key issues required for the success of the
project. First, it is noted that it was critical to work with an international 3D CAD
data. Secondly, it is also important to make other actors like software vendors or

people from the construction industry participate the process.

With these points in mind developers started to work for the system which is still
used today. The project team found the building model they are looking for and it
was IFC. IFC provided them the intelligent data format, which they require to access
building elements and their properties.
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Some information required for clauses are easy to retrieve from the building model
using IFC. For example, the clause 2.2.7 from "means of egress" requires "No exit,
exit staircase or other exit facilities shall be narrower than the maximum width
requirement as specified under table 2.2A. The minimum clear width of an exit door
opening shall be not less than 850mm". When checking for this clause first thing to
do for a programmer or codes official is to be sure about what does "minimum clear
width" refers to. They checked it and found that it is the measurement of the nominal
width minus the width of the door jamb (Figure 3.5.a). Next, they match this
information from the IFC. There is no IFCDoor.ClearWidth attribute so it is not
width" directly.

width of  the

possible to extract "minimum clear Instead, there are

IFCDoor.OverallWidth for
IFCDoorLiningProperties.LiningThickness for width of the door jamb, attributes

nominal door and
available in IFC (Figure 3.5.b). Therefore, to find the value of clear width
programmers subtract the value of IFCDoorLiningProperties.LiningThickness from

IFCDoor.ClearWidth. This is an easy and straightforward operation.
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Figure 3.5 : a) Normal definitions about door, b) IFC definitions about door (Liebich
et. al., 2002).

However, IFC itself is not enough for a successful code-checking system. It is
because "IFC only represents basic building information model that can be captured
with BIM application during design stage" (Khemlani, 2005). In IFC, building
objects are basic and their properties carry limited and static information about these
objects. Development of an automated code checking system from these basic
objects is a tedious and nearly impossible work. The inability of IFC to represent the
required information is showed in a presentation of novaCITYNETS (Solihin, 2005).
The first example is a kitchen space example. A kitchen is represented with a space
object (IFCSpace) which takes its boundaries from IFCWall object. (Figure 3.6) The
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Singapore fire code requires kitchen must be compartmentalized with minimum 1hr
fire rating and it must have enough ventilation if mechanical ventilation is not
provided. So kitchen space needs to satisfy some special requirements but in IFC it
has no distinction from other spaces, in other words there is no IFCKitchen object.
Therefore when checking against fire codes the system cannot differentiate a kitchen
space from another space and as a result that kitchen space cannot be checked if it

satisfies the special requirements for kitchens or not.
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Figure 3.6: Kitchen and its representation in IFC (Solihin, 2005).

The kitchen example is a relatively easy one case to find a work around to work with
solely on IFC. However, there are more complex issues like in the case of apartment
unit zone example. The apartment unit is a collection of spaces (Figure 3.7) which
can be found in an apartment dwelling. The Singapore fire codes requires an
apartment unit to satisfy "most remote distance within the apartment to the exit door
must be with in 20 m". By only using IFC it is a tedious task to check for this clause,

which needs lots of calculations from IFC geometries that are difficult to manage.

To complement the limited capabilities of the IFC, novaCITYNETS built a Code
Checking Object Model (CCOM) which is named as FORNAX. FORNAX is
implemented to extend the information found in the IFC. It is a "model representing
both the building geometry models in 3D and the semantics information such as the
relationships and the behaviors of the building elements™ (Xu, Solihin and Huang
2004).

The FORNAX objects is encapsulation of simple building components (Figure 3.8),
by this way the programmers do not need to develop separate algorithms for all the
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Figure 3.7: Apartment Unit and its representation in IFC (Solihin, 2005).

required calculation that is needed. Instead, it is possible to use FORNAX objects
and their supplemented functions and attributes to check the requirements of several

codes. As a result translating a written code into computer process is straightforward.

As an example, take the apartment unit we mentioned before. It was difficult to
calculate "the most remote distance to exit" by using IFC. In the case of FORNAX
developers produced FXApartmentUnit object which has its functions related with
the fire safety listed in Figure 3.9. By using these functions, programmers can
generate a procedure to find the required distance easily. In addition, a snapshot of
checking the distance in the example apartment unit is provided in Figure 3.10. It can
be noted that as a result of the algorithm, the distance between the remote point (blue
circle in the figure) and exit door (red circle) is founded to more than 20 meters
which is more than the allowed distance in Singapore fire codes, thus the system

gave an error.

FORNAX does not replace IFC. It takes basic object information and its associated
geometry from IFC model and using some geometric operations finds out
information such as spatial information, network information and design constraints
and adds it into its repository. Spatial information gives relative place of other
objects, network information makes drawing of paths and assessing the connection of
spaces possible and design constraints is about how a certain object is defined. The

FORNAX system is composed of four parts; database for storing information, ACIS
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and Open Cascade as geometry engines and lastly IFC. It is developed and
maintained by novaCITYNETS.

Figure 3.8 : Encapsulation of IFC into FORNAX objects (Khemlani, 2005).

FXApartmentUnit

Methods Description
Get the spaces that make the apartment unit.
Finds the exit of the apartment.
Calculate the remote point in a space from its doors.
Calculate the travel distance from one point to nearest
exit door.

Calculate the area of the apartment.

Calculate the volume of the apartment.

Figure 3.9 : Example of methods used by FXApartmentUnit.

E-PlanCheck can output the results in the popular document formats such as PDF,
DOC or HTML. They are presented within a website. It supports giving reference to
the written code clause while listing the elements that do not comply with the codes.

The reporting module has graphical presenting capabilities.
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Figure 3.10 : An example of travel distance calculation by using FORNAX
(Khemlani, 2005).

CORENET is used efficiently for automated code compliance checking in Singapore.
It is much more mature than other examples we will review here. Today thousands of
engineers and architects use CORENET successfully. However, CORENET is not
aimed for use during design stage; it is only used by the governmental agencies. In
this aspect it differs from the other systems. We have adapted the information

module of CORENET into our system to be used for giving information to the users.

3.2 DesignCheck — Australia

The Cooperative Research Center for Construction Innovation funded the
DesignCheck project and it was undertaken by University of Sydney and
Commonwealth Scientific and Industrial Research Organisation (CSIRO). The aim
was to develop an automated code checking system for Australia which will “enable
quick and easy compliance assessment against building codes and assist designers in
finding potential problems early” (Ding et al, 2006). Design for access and mobility,
Part 1: General requirements for access — new building work (AS1428.1) from
Australian Standards (AS) and New draft access code for buildings Part D — Access
and Egress (D3) from Building Code Australia (BCA) are selected as exemplar codes
and these codes are about accessibility.
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Rather than starting from scratch, DesignCheck team aimed to use the existing rule
based systems and develop them further according to the requirements of the project.
Thus, as a starting point, DesignCheck project group started with a review of two
existing commercial rule based systems; Express Data Manager (EDM) and Solibri
Model Checker (SMC). In this review SMC proved to have advantages like directly
interfacing to BIM systems and excellent performance of its reporting system with
the option of showing graphically the noncomplying building elements. However, it
was not flexible enough and it was not possible to encode the design requirements
for different stages of design as it did not offer modifications to its rule base directly.
Instead, EDM allowed modifications in the rule schema so it allowed the
DesignCheck team to modify the rule base according to their needs. Also EDM
showed its automated code checking capabilities which consists importing of the
building model into the database, checking of the imported building model against
the constructed EDM rule schema and finally reporting the building elements that
failed to comply with the clauses. Nevertheless, EDM lacked the user friendly
interface of the SMC especially, it did not offer graphical reporting capability of the
SMC so the reports of the checks were only in text form (Ding, 2004). After this
review, they have decided to continue on the project using EDM because it had

offered more flexibility and capability.

In the interpretation of written building codes, DesignCheck design team considered

following general strategy: (Ding et al, 2006)

e Develop object based interpretation to simplify integration with object based

applications.

e Incorporate specific definitions of items in the object based interpretation of

building codes and develop strategies encoding it.
e Develop building code interpretation for use at different stages of design.

e Consult with experts such as standards writing organizations, architects and

certifiers.

e Enable building code interpretation from different resources to be consistent.

DesignCheck uses object oriented techniques for transforming written statements

from the building codes into computer interpretable structures. DesignCheck team
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has prepared a pre-implementation specification structure that is used before the
translation process begins. This structure consists of: Description, Performance
requirements, Object, Properties, Relationships, and Domain specific knowledge for
interpretation. Ding et al. gives an example of how this structure is used (2006). The
subclause of Clause 7.1 Provision of entrances from the AS1428.1, states
“Accessible entrances shall be incorporated in an accessible path of travel” (Figure
3.11). This statement becomes the description of the clause, and a programmer or a
code official derives the other elements used in the structure by interpreting this
description using IFC object-based interpretation. In this case, the performance
requirement for this description is derived as “There is an uninterrupted path of travel
from an accessible entrance to an accessible space required”. Next, the objects
required for these clauses are determined to be Space and Door. After this the
properties and relationships of these objects that will be needed for this clause is
founded. The relationships are: Door_external, Door_accessible, Door_type,
Door_width, Space_accessible, Space_identification, Space area and the
relationships are “Space contains Door”. From using all these objects and properties
and relationships of objects, pseudecodes are developed by the programmers to help
in the implementation of the rule schema and these are named as domain-specific
knowledge for interpretation in the pre-implementation specification structure. For
instance, for a door object to be an exterior accessible door, it needs to be specified
as exterior and accessible in its properties. In the pseudecode structure, it is evaluated
with the following conditional statement: “IF Door exterior and Door_accessible are
found, THEN return AccessibleExteriorDoors. This becomes a function to find all of
the accessible exterior doors. All of the related functions are listed in the domain-
specific knowledge for interpretation part and after this step; the pre-implementation
specification structure for clause 7.1 becomes complete. All of the clauses from AS
1428.1 and BCA D3 were encoded in the same structure to help in the translation

process.
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CLAUSE 7: DOORWAYS, DOORS AND CIRCULATION SPACE AT
DOORWAYS

Clause 7.1 Provision of Entrances
Description:

The requirements for entrances to buildings are as follows:
(a) Accessible entrances shall be incorporated in an accessible path of travel.

Performance Requirements:

There 1s an uninterrupted path of travel from an accessible entrance to an
accessible space required.

Objects:
{Space, Door}
Object Properties:

{Door_external, Door_accessible, Door_type, Door_width, Space_accessible,
Space identification, Space area}

Object Relationship:
{Contain (Space, Door)}; {Adjacent (Space, Space)}

Domain-specific knowledge for Interpretation:
(to be implemented with functions, procedures, etc.)

AssessibleExteriorDoor (Doors)

{IF Door_exterior and Door_accessible are found, THEN return
AccessibleExteriorDoors}

AccessibleEntranceSpace (AccessibleExteriorDoars)

{IF AccessibleExteriorDoors are contamned by Spaces, THEN return
AccessibleEntranceSpaces}

AccessibleSpaceRequired (Spaces)
{IF Space_assessible 1s found, THEN return AccessibleSpacesRequired}

A Path from AccessibleEntranceSpace to_AccessibleSpaceRequired
(Spaces, Doors)

{IF Spaces and Doors are located in the path from
AccessibleEntranceSpace to AccessibleSpaceRequired, THEN return a
set of the Spaces and a set of the Doors}

Criteria_for anUninterruptedPath

{IF Spaces and Doors located 1n the path satisfy the requirement of
Door_width, Door_type, Space area, etc. THEN return TRUE}

Figure 3.11 : DesignCheck uses pre-implementation specification structure (Ding et
al., 2006).

DesignCheck is primarily designed to help architects and engineers during the design
process. For this reason, the rules are separated according to the design stages they
apply. At the early design stage, designers are interested in the connection of spaces
like accessible paths to WCs etc... At the detailed stage of the design, designers are
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occupied with measurements like door width, handrail height etc... At the
specification stage, designers are interested with specifications of building elements
like material of a door etc... To accommodate this structure every rule is separated
into the design stage they apply. A designer when checking his model, can select the
design stage to evaluate the building model according to the applicable clauses. The
results of checking different design stages are stored in the database to be used in the

next checking (Figure 3.12).

Intermediate

Early Stage Design Rules
Detailed Dresign Rules

\ Speciﬂcan Rules

Figure 3.12 : Checking of the model in different design stages (Ding et al., 2006).

After the encoding of the pre-implementation specification structure is done, the
extracted functions are mapped into EDModelChecker using ExpressX language to
define the rule schema that will be used. This step is rather easy as the objects, object
properties and object relationships along with the functions are extracted in the prior
stage. One more reason for this stage to be easy is that ExpressX has ready mapping
function, which efficiently and easily maps IFC to ExpressX. With this step, the
translation of the written codes into a rule schema is finished and the rule schema is
ready to use. To recap, written codes is first encoded into pre-implementation

structure and then it is turned into rule schema (Figure 3.13).
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Figure 3.13 : Written codes is first encoded into pre-implementation structure and
then it is turned into rule schema (Ding et al., 2006)

This structure of rule translation is successful to derive the rule schema that will be
used for code checking of the most the clauses. However, in the clauses that are
about the configuration criteria like in the example clause 7.1, it is difficult to use the
same approach (Eastman, 2009). Clause 7.1 is about access rather than some
calculation of paths, thus to remedy the problem a graph approach has been devised.
“Accessible entrances” and “accessible path of travel” are defined (Figure 3.14).
Starting from the “accessible entrances”, all neighboring spaces that have “accessible
path of travel” between itself and the “accessible entrance” are regarded as
“accessible”. In the figure 3.14, all the spaces except Officel has “accessible path of
travel” which is shown as straight line, thus they are “accessible”. However, the
Officel space has only a non-accessible path of travel between itself and Office2,
which is shown with dashed line and it, has no other connection to another space.

Therefore, Officel is a non-accessible space.
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Figure 3.14 : Path finding algorithm (Ding et al., 2006).

Automatic code compliance checking requires information rich building model for
successfully inspecting the needed requirements from the building codes. At the time
DesignCheck was prepared, object-based CAD tools — the CAD tools that support
building information modeling and IFC was beginning to appear into the scene.
However, the information they provide was not enough to cover all of the building
code requirements. As a result DesignCheck started by devising better building
model by adding DesignCheck Internal model with the tools they have in hand.

They started by selecting BIM capable CAD tool. As a result ArchiCAD 9 was
selected. Then, before any checking against compliance for building codes takes
place, the building model prepared in ArchiCAD is exported to IFC model by
ArchiCAD’s own exporting capability. Afterwards this I[FC model is converted into
DesignCheck internal model. For automated translation of IFC model to
DesignCheck internal model, a mapping schema is produced using ExpressX
language. Because ExpressX has ready mapping functions, the mapping between IFC
to DesignCheck internal model was easier. This mapping structure for DesignCheck

is open to further modification and extension if any requirement arises.

After the building model is ready, it can be checked against the codes in
DesignCheck. The results of the checking are shown in an interface that is

implemented in Java with HTML. Users can check their model by selecting the
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clauses they want to apply to the model (Figure 3.15), or they can check the object
types and see if these object types comply with the rules (Figure 3.16). The results of

these checks are shown in a graphical report page (Figure 3.17).

'] Design Check - Automated Code Checking ., D ;l!.llq

Date: 06-11-2005
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d |g n Code: AS 14281
. oaale Project:
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—————Result
[_] an Clauses ~ // e
B 7 VYV passed
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Figure 3.15 : Interface for selecting clauses (Ding et al., 2006).

[ Check by Clause | Check by Type of Object |

[_] All Objects
@ [ A continuous accessible path
[Z] A continuous accessible path to public entrances

[ A conti acc ible path to disabled toilets

[_] A continuous accessible path to public spaces
[C] A continuous accessible path to public lifts and stairways
¢ [ circulation space
[_] Circulation space at doorways
[T] Circulation space at disabled toilets
[ Circulation space at seatings
[[] Doors
[] Ramps, Walkways and Landings
[7] Lifts and Stairs
[1 Handrails

[_] Sanitary facilities
Ll

Figure 3.16 : Interface for selecting the object types (Ding et al., 2006).
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Figure 3.17: Graphical result page (Ding et al., 2006).

The textual report page acts like an additional interactive user interface. Users can
update the results by further comments or specification of objects. This feature
allows communication between different teams working on the same project. In
addition, for the clauses that are not yet translated into the rule schema can be
inspected manually and the result can be published here. The report page is
composed from four main parts. First one is the top panel that shows the project
information, date and code; second one is the selection panel where the results can be
inspected; third one is the panel that shows detailed information like object name,
object type, the space which the object belongs to, the reason of the failure, clause
name and number and the result of the checking; and the last one makes it possible

for the user to input further comments or specifications to the results (Figure 3.18).

If the user wants to print the interactive report page, it is formatted for printing and
converted into html document. Than user can view it from any web browser, and
print it. The formatted document cane be saved into the archives and can be used in

comparisons or future reviews.

DesignCheck is an important example of ACCCS. It has some innovative approaches
in the implementation of the system. Firstly, it accommodates the users to select the
design stage when applying rules to a building model. This allows flexibility in the

use of the code checking system which other examples cannot offer. In addition, the
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pre-implementation specification structure helps in the translation of the written
codes into computer interprettable rule schemas. Lack of 3D graphical representation
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Figure 3.18: Interactive report page (Eastman et al., 2009).

Figure 3.19: Printer friendly report of DesignCheck (Eastman et al., 2009).
ability, in the reporting of the building elements that does not comply with the codes
is an important shortcoming. Without 3D graphical display, it is difficult to locate

and repair the faulty element from the building model especially if the project is big.
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The developers mentions this limitation and aims to add it in the future editions. The
final stage of the project is unknown as there is no notice about it, most probably it
was a demonstration project to test the capabilities of automated code checking, and
after they reached some conclusions, they aborted the project. We have adapted the
pre-implementation specification structure to our development process to make the
implementation easier as this structure allows to find out required pseudecodes to be

implemented in the system.

3.3 SMARTCodes — USA

International Code Council is an United States based association “dedicated to
helping the building safety community and construction industry provide safe,
sustainable, and affordable construction through the development of codes and
standards used in the design, build, and compliance process” (ICC). ICC prepares
variety of building codes to be used for residential and commercial buildings. Fifty
states and District of Columbia along with many other countries have adopted
building codes that are developed by ICC — or I-codes as they named them — at the

state or jurisdictional level.

I-codes are model codes. Cities or any other governing bodies are not bounded to the
I-codes; in fact, they can change the requirements according to their needs. However,
most of the time they prefer not to modify the I-codes and conform to them because
it makes the building codes uniform all over the country, which in turn reduces the

construction costs.

In 2004, directors of ICC started a new initiative aiming to use object based
representation techniques in their building codes and build a successful code
compliance checking against these building codes. They have researched the past
studies, especially the accomplishments of similar systems implemented in
Singapore, Norway etc... The project started in late 2005 and the Board of Directors
of ICC determined the following goals for this project;

e Enhanced communication, knowledge and collaboration
e More complete design submittals that are code compliant

e More timely acceptance and approval of plans
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e Improved building safety and performance
e Reduced construction costs (ICC, 2007)

Two companies, AEC3 and Digital Alchemy, take part in the development process of
SMARTcodes.

International Energy Conservation Code 2006 has been selected as an exemplar
building code. When the work for rule interpretation started, ICC already had the
codes in XML format, which provided the required framework for further
development. At the time of the study, researchers in ICC have noted text processing
research which was taking place in other industries like legal, had improvements in
document scanning strategies. These strategies were studied and similar approach

was devised.

The improvement to this strategy came with the process of transforming ordinary
written codes to ‘SMARTcodes’ which is accomplished by using “electronic
equivalent of a highlighting pen with different colors used for each concept.” (AEC)
This approach is straightforward which takes most of the rule translation burden that
most of the other efforts face. In addition, it is reported to be verified that code
officials grasp this technique quickly and they do not make mark-up errors.
Furthermore, in this method during the rule interpretation, the interpretations are
more uniform than in other code compliance checking efforts where they are deeply
dependent on the programmer or the code official interpreting the written code. This
ensures many code official can work simultaneously on the code interpretation work.
From these examples, one can speculate ICC mark-up strategy makes rule

interpretation easier, quicker and lower in cost.

SMARTCcodes builder, which is a web-based software, is devised to implement above
mentioned ICC mark-up strategy to help the translation of written codes to
SMARTCcodes. It is a specialized XML editor, which is developed to mark-up the
written codes with the SMARTcodes strategy.

The mark-up tags in SMARTcodes are limited whereas the properties mentioned
within the building codes that must be addressed are very large in numbers. These
properties are repeated throughout the building codes and it is critical to have every
property “always assigned the same meaning and unit of measurement” (AEC). The

accomplish this, all of the properties that can be found in the written building codes
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from all over the world is collected into a dictionary. International Framework for

Dictionaries Library Group develops and maintains this dictionary.

IFD Library Group is an organization that is founded by four organizations, these
are; buildingSMART Norway, Construction Specifications Canada, Constructions
Specifications Institute (CSI) of USA and STABU from Netherlands. CSI works in
cooperation with ICC in this project. IFD is described as “a mechanism that allows
for creation of multilingual dictionaries or ontologies” by the IFD Library Group.
(IFD Library Group) The aim of the IFD is to provide a reference library to improve
interoperability in the AEC industry. “IFD Library provides a flexible and robust
method of linking existing databases with construction information to an IFC based

Building Information Model”. (IFD Library Group)

The advantage of the adoptance of IFD into SMARTcodes is many folds. First, it
enables to work side-by-side with Omniclass classification system that has been
developed by CSI. It is possible to select a specific property and find it from the
matching tables within Omniclass classification system. Secondly, it simplifies
working in a multilingual project as IFD links terms and properties independent of
any language. Lastly, by using IFD and classification systems it is possible to select
codes that are relevant to the issue, which the check is about and filters out any
unrelated codes. This can reduce the number of building codes that must be inspected
for code checking. The reduction in number of codes results in more efficient code
check and this can be applied to not only automatic code compliance checking but
also manual code checking. In the case of manual code checking, ICC provides the
SMARTcodes system to filter out the check related code criteria and support
materials to the users that do not have their building model in BIM. This in turn

reduces manual check time as the number of codes that must be inspected reduces.

In the report of AEC (AEC), it is proposed that by converting the written codes into
smart codes, automatic derivation of required constraints that are needed for the code
checking from the code mark-up became possible. These constraints are
implemented according to the IFC constraint model and they called it “requirements

model”. Requirements model is a “standardized representation” of the rules.

This model makes SMARTCcodes approach independent of rule checking system.

Any code set that is translated into smart codes can be imported into any rule check
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software. This is tested for multiple rule-based code checking software and it is
verified to be working.

In the SMARTcodes world, building models that are constructed in a BIM software
and converted as IFC is called ‘solution model’. The automatic code checking

process is actually a process of comparing solutions model with requirements model.

ICC has prepared a demonstration website for user to try out the features of
SMARTcodes. The website required the building code, which the compliance
checking will be done, a building model, the location of the building model and
model checking system. The rule base of the model checking system is consisting of
the users were limited to the building models supplied by ICC. These building
models were consisted of four US Coast Guard buildings, a prototype office
building, Lawrence Berkeley National Laboratory and the National Association of
Realtor Headquarters. The code compliance check can only be done regarding some
parts of the 2006 IECC. In the future, it is planned for users to load their own
building model and select the codes they want to inspect the building models they

supplied.

Model Checking Software (MCS) module is responsible for the reporting of the
result of the code compliance checking in SMARTcodes. It has various exporting
options such as HTML, PDF, RTF, XLS and XML. It has both text based table
reporting and graphic based reporting capability. The text based report lists all the
outcomes, so users can easily see in which clauses the building model fails the test.
Example of table based error report generated by SMC is in Figure 3.20. The text-
based report is complemented with a graphical report, which shows the elements
from the building model. Graphical report from SMC is in Figure 3.21 and graphical
report from AEC3 XABIO is in Figure 3.22.

Eastman et. al. (2009) provides an example to error reporting capability of MCS.
MCS finds out which elements does not comply with the required codes. MCS
retrieves identifier, location, property and geometric shape of a building element
from the SMC. The noncomplying building element in this example is Wall 3.1. It is
notified in the graphical report of the SMC (Figure 3.21) with a yellow exlamation
mark icon, and at the info tab in the description panel, it is informed that “value OR

of Wall 3.1 does not fullfill the requirement thermal resistance > 13R”. In addition to
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this explanation, in the graphical panel user can see the location of the wall within
the building. AEC3 XABIO is reported to include trace back feature which provides

a logical step explanation of the noncompliance.

L LBNL_Office_Bidg 200807241 31809
PRO Defauit Project
L Defaudt Project Submissions 1
: | Default Building
Defaudt Sita Sitas [Hente Zone EL s
(33.749 dag, -84.383 deg,
antax C O 12600.000 TNCH {320,040 m)
spprox)
_ =g 0.0, 0.0, 0,0 INCH) (0,000,
it Gaongia 0,000, 0.000 m) !
L IGawSRY T Bxw e YaRBLXS
ST Py Fi
hn h
| 11l T ks LAkt

WALLSTANDARDCASE thiermal fasistince of e fotion of Yahar? w2z 10C_[ECC2000 202 211
195 © nsulp al
Wall£1 South to maoce than or equal to 13 R Yl South Opague Envelope
Opaque Envelope may be possed by sitering ), 57 ICC[ECC2006 502 21T
WALLSTANDARDCASE therma! resistance of Insulation of Wall-27 Wialle2 South Cpagss Envelope
Wall#2 South to moce than ofr equal to 13 R
Opaque Envalops may be pacsed ty altaring w2y JCC HCC2006 502 21T
WALLSTANDARDCASE themal resistance of insulation of Wall-27 2T ity T IECKa008 Y
Wallxa Noeth to more than or equel to 13 R
Opaque Envelope moy be possed by bltedng ), 57 1CC_IECC2006 502 24T
WALLSTANDARDCASE themal resistance of Insulation of Wall-27 WIOIlES Notl  Opadese Fivelope
Wallls m tomthan or oqual w 13 R

P Sy M

Figure 3.20: Text based reporting of SMC (Eastman et al., 2009).
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Figure 3.21: Graphical report of SMC (Eastman et al., 2009).

The ICC SMARTcodes is different from the other automatic code checking
examples, as they focused on the rule translation phase more than any other effort.
They devised an easy rather more automatic method for rule translation, which
makes rule translation effort faster and less costly. One more advantage of their
method is that it is also applicable to manual code checking as the codes gets

“smarter” it is easier and faster to locate the required information from the building
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codes. Therefore, while inspecting a building for code compliance, one can filter out
the irrelevant clauses and focus only to the properties of the building elements that is

required by the codes.
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Figure 3.22: Graphical report of AEC3 (Eastman et al., 2009).
3.4 General Services Administration — USA

General Services Administration (GSA) is an independent agency from United
States, and one of its organizational branch, Public Building Safety (PBS) “acquires
space on behalf of the federal government through new construction and leasing, and
acts as a caretaker for federal properties across the country” (Url-3). Thus, PBS
manages huge amount of space all around the country with a budget more than eight
billion dollars. In 2003, PBS’s Office of Chief Architect (OCA) started National 3D-
4D-BIM Program. Within this program, they wanted to “explore the use of BIM
technology throughout a project’s lifecycle in the following areas: spatial program
validation, 4D phasing, laser scanning, energy and sustainability, circulation and
security validation, and building elements” (Url-4). From these six topics, tools that
check compliance against the following three of them, are developed; spatial

program validation, energy and sustainability, and circulation and security validation.
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PBS is the largest owner of commercial space in the United States. Therefore, they
needed a method to measure all of this space in an efficient and consistent way. In
the past, GSA required from architects to validate their projects’ spatial programs
according to GSA approved program, which included requirements like area
measurements (net or usable area) and efficiency measurements (fenestration ratio)
in the concept stage (Url-5). To check the spatial program architects needed to
understand how GSA measures its space from “PBS Business Assignment Guide”
and they had to draw 2D polygons on the spaces they need to measure. This
technique was reported not to be consistent or efficient. For this reason, GSA started
a demonstration project for spatial program validation and starting from 2007, it
made compulsory for projects that are done for GSA to submit BIM data for spatial

program review.

The process works like this; architects define spaces in their projects with
appropriate space tags in the BIM program. The spaces must be separated to
represent its functional space even if they are part of a whole. The example in the
manual is, if there is a security area within a lobby, lobby and security areas must be
modeled as separate non-overlapping spaces. The security area will be labeled with
Office tag and the remainder area will be labeled with Building Common tag. After
the modeling of the project, it is saved as an IFC file in the BIM program and
transferred to the PBS for them to check the spatial program. The calculation method
used in this process is ANSI/BOMA area guide with some modifications defined in
PBS Business Assignment Guide. After the checking, the result is reported as in
Figure 3.23. If this does not comply with PBS values, OCA helps architects to find a
remedy. Currently, the BIM analysis does not substitute the required documents
submitted in the final stage, it is just used to complement the analysis done in the

concept stage.

PBS published a detailed manual for spatial program validation, which has four
sections on it; Spatial Program BIM, Spaces and Zones, Building Elements and BIM-
analysis rules. In the Spatial Program BIM section the history, objective and process
of spatial program validation is discussed along with requirements in the BIM and
how the IFC will be submitted. In the Spaces and Zones part, is about how to lay out
space boundaries and include the necessary spatial information in the space object
(Figure 3.24). Building Elements section, describes the needed building elements for
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spatial program validation. Finally BIM-analysis Rules introduces the rules, which
the PBS will use in spatial program validation. This part also includes special cases
like modeling cavity walls etc... This document is complemented with an appendix
document (Url-6), which includes how to use certain BIM programs for spatial
program validation, and the programs listed are Autodesk Revit, Autodesk ADT,
Graphisoft ArchiCAD, Onuma and Bentley Architecture. It introduces the best
practices to use the specific software to the architect and is a valuable documentation
to maintain consistency in the submitted projects. These documents show that to
implement successful rule based tool aimed for the use of the general designer circle,
documentation is critical to maintain consistency and to make the process less costly

and more efficient.

Gross Netsf Parking VertPenet Rentable Usable AnyCourt Efficiency
Level 1 60,765 59,224 26,583 363 33,819 22,631 2,218 69.3%
Level 2 74,177 72,483 0 1,049 73,128 62,662 24,739 86.5%
Level 3 71,585 66,883 0 6,694 64,891 55,369 43,878 82.8%
Roof 14,967 14,966 0 0 14,967 0 0 0.0%
GA Tech 221,494 213,556 26,583 8,106 186,805 140,662 70,835 72.2%
Architect 221,194 26,970 131,018 74,524 67.5%
Difference 300 -387 9,644 -3,689

Figure 3.23 Results of Spatial Program (Eastman et al, 2009).

GSA is also the largest consumer of energy in USA, consuming nearly 14.9 trillion
BTUs per year (Url-7). GSA started a national initiative to reduce the annual energy
consumption in its buildings. The aim is to lower energy consumption by 55% in the
year 2010 and by the year 2030 all new projects that will be constructed need to be
net zero energy buildings. GSA explored techniques for energy modeling using BIM
to help to succeed in this ambitious effort as the usage of BIM based energy tools in
a project may help an architect by giving more reliable and consistent energy
estimates in the early design stage. GSA sums its aim in this study as “to highlight
the opportunities and provide best-practice guidance to project teams for achieving
improved energy and thermal comfort performance of GSA’s current and future
building stock through the use of emerging BIM based energy modeling techniques”
(Url-7).
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Figure 3.24 : Space area highlighted. Space is defined as the area inside the wall

excluding columns (Url-5).

Energy consumption in buildings is a result of complex interaction between

parameters like outside environment, geometry of a building, envelope of the

building, air circulation and equipment loads in a building such as lighting, heat-

dissipating machinery etc...
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Figure 3.25 : Overview of calculation process of energy consumption (Url-7).
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Without the use of ACCCS, it is impossible to manage an environment, which has so
many parameters. GSA reported improvement in the performance of its buildings
and considerable energy saving is succeeded. GSA team regards this project,

successful.

3.5 Statsbygg — Norway

After the success of CORENET, European countries started to search for ways to
take advantage of BIM. From those, Nordic countries like Norway, Denmark, and
Finland were the leading countries in this effort. In Norway, this effort turned into a
project named Byggsok. Byggsok is an e-government system, which has three
modules: information, zoning, building (Rooth, 2004).

The information module stores and distributes documents about zoning proposals
and building application processes. It has achieved to gather all the information that
is published by 433 different local government entities and made these documents

accessible online.

The zoning module is for applying for zoning approval process. It also makes
communication between authorities and developers possible. It sends zoning

approval request to the local government for checking.

The building module is for submitting building plans to the system. The submission

is done by using IFC building model.

Byggsok became successful after its release to public in 2003. In 2006 more than
50% zoning applications were done via Byggsok.The work for improving the system
Is ongoing and the current issue is to add a fourth module which makes automated
checks. Another issue they are developing is adding geographic information systems
(GIS) with “IFC for GIS” (IFG) data format which is an extension of IFC. It will
allow “placing buildings and their services within the context of the local

environment” (Rooth, 2004)

Other than Byggsok, some projects are selected to be used in the testing of automated
design checking. Firstly, CORENET e-PlanCheck system was tested in “Munkerud
housing project for checking building distance/height/utilization and Akershus
University Hospital (AHUS) project for checking evacuation related rules” (Eastman

et al., 2009). In AHUS project, there were more than 1000 unique rooms, and the
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automated checking proved useful as one major flaw was discovered: 57 rooms that
require water connection had not received water connection (buildingSMART,
2005).

After these two experimentations of automated design checking, one major BIM
project named HITOS (Tromso University College) was used to experiment
interoperability of different platforms along with rule checking capabilities by
Statsbygg.

Two different rule types were examined in HITOS. The first one was about spatial
program validation. For this purpose, the project team used dRofus as the rule based
system. In the project different teams designed different parts of the building
simultaneously, thus it was required that the system allows simultaneous operation.
dRofus acts as a database that allows managing of the architectural programs,

technical functional requirements and equipment from early stage planning.

dRofus does not require rule interpretation as it is a dedicated application which has
the rules preloaded. dRofus reports the required spatial program along with the actual

space area. Designers can see the difference and correct any problematic spaces.

The other rule checking system handles the codes for accessibility. To succeed in
this, the Statsbygg team used SMC rule based system.

3.6 Conclusion

At this chapter, five different examples of automated code compliance checking
systems are reviewed. By looking on these examples we have decided some of the

features of our system before starting to the implementation process.

First decision we have done, was to use IFC as the data source for our system. All of
the examples mentioned in this chapter uses IFC for this purpose and it became a

standard in automated code compliance checking systems.

Then we decided on the audience of the system. In the CORENET example,
CORENET was designed for the code officials. It is possible for the designers to
check their designs but only if they can connect to the CORENET site. It is not

possible to use the system locally. On the other hand, DesignCheck is designed for
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the architects to check their buildings locally. Our decision was to make a system
that can be used for both purposes.

Moreover, we have decided to have two modules information and rule checking like
in the case of CORENET and Statsbygg, but we lack the submission module as our
system works locally on the computer instead of being located in the web.

Lastly, we have used the pre-implementation specification structure that is used in

the DesignCheck in the rule translation stage of the implementation of the system.
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4. FIRE CODE CHECKER

Developing a system that can be used in the automated code compliance checking
will have certain positive impacts in the AEC industry that is discussed in the
introduction chapter. Because of this reason, there have been studies to develop an
ACCCS for more than two decades. In this study, a system that can check a building
model according to some clauses that is in the Turkish Fire Codes is developed. It is
intended that the system will be a foundation to further development that will be

continued after this study.

The system has two modules. In the first module, the clauses of the Turkish Fire
Codes are presented to the users. Its aim is to ease locating the required information
for the user. The clauses are presented in tree structure and users can find out the
content of any clause by clicking on the needed tree branch. In the second module,

the checking is carried out and the result is presented to the users.

We have selected Turkish Fire Codes as the topic of investigation, thus we named the
system Fire Code Checker (FCC). Turkish Fire Codes (TFC) has twelve parts and in
those parts there are 171 sections overall. The structure of the TFC is demonstrated
in Figure 4.1. Numbering and naming conventions and hierarchy used in it is shown
in Table 4.1.

The TFC includes following topics in the parts; 1) General provisions, Building Use
and Hazard Classes, 2) General Fire Safety Provisions for Buildings 3) Egress
Routes, Egress stairs, Special occasions, 4) Regulations on Parts and Facilities of
Buildings, 5) Electrical Installations and Systems, 6) Smoke Control Systems, 7) Fire
Retarding Systems, 8) Storage and Handling of Hazardous Substances, 9)
Responsibility about the Fire Safety, 10) Articles about the existing buildings,
11)Historic Buildings, 12) Final Remarks. From these parts, we focused on part
three, which is about egress routes. We have discussed the reasons for this selection

in the first chapter of the thesis.
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IKINCI KISIM
Binalara fliskin Genel Yangmn Giiv enligi Hiikiimleri
BIRINCI BOLUM
Temel Hikiimler
Binanin insas:
MADDE 20- (1) Bir bina, yangmn ¢ikmas: hilinde;
a) Binanmn yik tagima kapasitesi belirli bir siire i¢in korunabilecek,

b) Yangmin ve dumanin bmamn bdlimleri icerisinde genislemesi ve vayvilmasi
smirlandmnlabilecek,

¢) Yangmn civarmdaki binalara sicramas: ssmrlandinlabilecek,

¢) Kullanscilarm bmay: terk etmesine veya difer yollarla kurtariimasina imkin verecek,

d) Itfaiye ve kurtarma ekiplerinin emniyeti gdz dniine almacak,

sekilde inga edilir,

Binalarin verlesimi

MADDE 21- (1) imar planlan yapilirken; konut, ticaret, sanayi ve organize sanayi gibi
fonksiyon bdlgeleri arasinda, yangmn havuzlar: ve su ikmal noktalarmm yapimma imkén verecek
sekilde yesil kusaklar ayrilmasi mecburidir.

(2) imar planlarmin tasariminda donati alanlar ile yerlesim fonksiyonlar: belirlenirken,
bina s flandirmalarindaki yangm tedbirler: esas alinur,

(3) Yeni planlanan alanlarda bitigik nizamda tegekkill edecek imar adalarmm uzunlugu 75
m’den fazla olamaz. Uzunlugu 75 m’den fazla olan bitisik nizam yap: adalarinda, yangina kars:
glivenlifie ve erigim kontroliine iliskin dilzenlemeler yapilr ve alinmas: gereken tedbirler plan
milellifi tarafindan plan notunda belirtilir.

(4) Plan yapimu ve revizyonlarinda, planlama alam ve niifus dikkate almarak, 0.05 nmv'/kisi
izermden itfarye yerleri aynlir.

Binava ulagim vollar:

MADDE 22- (1) itfaive araglarmin sehrin her binasina ulagabilmesi igin, ulasim yollarnm
tamaminda itfaiye araclarinin engellenmeden gecmesine yetecek geniglikte yolun trafifie acik
olmasina dzen gosterilir. Ozellikle park edilmis araglar sebebiyle itfaiye araglarmin gegiginin
engellenmemesi igin, 2918 sayili Karayollan Trafik Kanunu ve bu Kanun uyarnca ¢gikarlan
yonetmeliklere gre, beledive trafik birimleri ile emniyet trafik sube midurliga, normal
zamanlarda yollan agik mutmakla yiktimltddr. Bunlar, yangin aninda ulagimm saglanmasi igin,
park edilmig araclara veya dzel milkiyete zarar vermeyecek tedbirleri alarak ulagim yollarmi
agma yetkisine sahiptirler,

Figure 4.1 : The structure of Turkish Fire Codes.

Information module of FCC requires that written codes of TFC to be converted into
electronic format that can be processed within the system. For this reason, we first
digitalized the TFC. In this process, we used XML because it is markup language
that is both human readable and machine-readable. This feature of XML allows the
codes in XML to be processed by computer while it can be still read by humans. In
addition, XML files can be easily transferred around computers, thus any changes in
codes that are in XML format can be instantaneously sent to the interested parties.

Today most of the countries have their regulations in XML format because of the
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reasons we mentioned. However, Turkey lacks codes in XML format, but with this
study, there is now a digitalized copy of the TFC in XML (Figure 4.2).

Table 4.1 Hierarchical Structure of Turkish Fire Codes

Number Subdivision Heading
Binalara iliskin Genel Yangin Giivenligi
2 Part
Hiikiimleri
1 Section Temel Hiikiimler
20 Article Binanin Insaasi
1 Sentence N/A
a Clause N/A

When converting the written codes into XML, the structure of TFC was preserved
and parts were stored under <kisim> tag, sections were stored under <bolum> tag,
articles were stored under <madde> tag, sentences and clauses were under <icerik>
tag. A global ID, which is unique to every sentence, was constructed with the
numbers in following structure under the tag <gid>:
PartNumber_SectionNumber_ArticleNumber_SentenceNumber. The rules have
attributes showing in which design stage they are applicable like <stage="early”>,
<stage="detailed”> or <stage="document>. These are used for selecting the rules

according to the design stage.

tle>Kagig Yollarai</title>

id>31</id>
itle>Kagig yollara</title>
<id>1</id>
<gid>03_02_31_01</gid>
<icerik>Kagis yollari, bir yapinin herhangi bir noktasindan yer seviyesindeki
caddeye kadar olan devamli ve engellenmemis yolun tamamidir. Kagis yollari
kapsamina;
a) Oda ve diger bagimsiz mekanlardan ¢ikisglar,
b) Her kattaki koridor ve benzeri gegitler,
c) Kat gikislari,
¢) Zemin kata ulasan merdivenler,
d) Zemin katta merdiven agizlaraindan ayni katta yapi son ¢ikisina gotiiren yollar,
e) Son gikisg,
dahildir.
</icerik>

Figure 4.2 : TFC in XML format.
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Designers can select part, section, article or sentence number to access the needed
information. In addition, users can search for information within the system, which
speeds up information retrieval. The system also has a glossary feature, such that
when a user encounters an entity that is unknown to him, he can click and learn its

meaning or definition (Figure 4.3).

File Edit

v I/E.L 2 B&lim 2 Info | Kontrol

Madde 31
E Madde 32 Acil durum asanséri &niinde yapilacak yangin giivenlik holl alani, 8 m2'den az, 10 m2'den gok
o ve herhangi bir boyutu 2 metreden daha az olamaz.

[ Madde 33
v (& Madde 34

5
6
7

[ Madde 35

(") Madde 36
(| Madde 37
|| 3 B8lim
|| 4 Blim
L ﬁ 4. Kisim

> ﬁ 5. Kisim o]

Figure 4.3 : Information module of FCC.

For accessing the information stored in the XML file, we used an XML parser. There
are different types of XML parsers and each one of it has different strengths and
weaknesses. From those we selected Document Object Model (DOM) parser,
because it is easier to implement and quicker when working with relatively small
files. DOM parser for JAVA is readily included in JAVA Application Programming

Interface (API) so it is ready to use.

In the interface of the information module, at the left area, the parts, sections,
articles, and sentences of TFC are listed in a tree structure. Users can select one of
the sentences to retrieve the information presented at the sentence. When user clicks,
to the tree object, DOM parser is called with the number of the sentence in which the
user clicked. DOM parser retrieves the content of the sentence from the XML file
using that sentence number. The content is displayed at the right text area (Figure
4.4).

Algorithms that were used to check clauses were generated. Each clause is
partitioned into entities and requirements. Every entity defined in the codes whether
it is a spatial entity such as egress route, circulation or an architectural element such
as doors, ramps; it were regarded as an object. Objects have parameters like width of
a door and methods for extracting the needed information such as distance between
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two doors. For example in a clause about properties of escape stairs, it is written “In

anyone of

Start

Click to the Info tab to
get information about the
Fire Codes

Select the clause from
the tree

Related information is
retrieved from the XML
document by the DOM
Parser and displayed in

the Panel

Finish

Figure 4.4 : Flow diagram of the information module.

the escape stairs it is not possible to have riser height more than 175 mm and tread
width less than 250mm”. We pick this up by the keyword “escape stairs” and it
becomes the entity. Then the two requirements about this entity regarding riser
height and tread width are stored in the model. Finally, the conditions required by the
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clauses are translated into pseudecodes that will be used in the checking of the
building model.

To make the translation of the Turkish Fire Codes into pseudecodes easier, we have
adapted the pre-implementation specification structure methodology used in the
DesignCheck system. In this methodology, each clause have Description,
Performance requirements, Object, Properties, Relationships, and Domain specific
knowledge for interpretation and by preparing these the translation process becomes

more systematic and quicker to implement.

Article 47 - Sentence 1
Description:

The doors found on the egress routes must have clear width not less than 80cm and heightnot less
than 200cm. The doors must not have any thresholds. Rotating doors and turnstiles cannot be
regarded as escape doors.

Performance Requirements:

All the doors that are on the egress route must have clear width more than 80cm and height more
than 200cm. There must not be any thresholds on these doors. Rotating doors and turnstiles cannot
be regarded as escape doors.

Objects:

Space and Door

Object Properties:

Door_type, Door_clearwidth, Door_height, Space_egress

Object Relationships:

Space contains doors

Domain-specificknowledge forinterpretation:
RequiredDoorClearWidthOK
IF Door_clearwidth is more than 80 cm., THEN return TRUE.
RequiredDoorHeightOK
IF Door_heightis more than 200 cm., THEN return TRUE.
DoorisNotRotating
IF Door_type is not rotating door or turnstile, THEN return TRUE.
DoorlsOnEgressPath
IF Space_egress contains Door, THEN return TRUE.
DoorDoesNotHaveThreshold

IF Door does not have threshold, THEN return TRUE.

Figure 4.5 : Pre-implementation specification structure applied into Turkish Fire
Codes.
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As a design feature, we have separated rules and clauses in terms of which stage of
the design it is used. For example, the rules about circulation are about early design
stage and this is coded internally. For detailed stage of the design, rules like stair
width etc... are used. Finally, for specification stage of the design rules like material
of the door etc... is used. This separation of clauses of the rules makes code checking

on different stages possible.
- Automated Code Compliance
l Checking System
. l
- - - -

=i

Figure 4.6 : Overall structure of FCC.

In second module, rule checking is performed. This module uses the loaded IFC file
to retrieve data needed for rule checking. The IFC file is again parsed with DOM
parser and all the related objects are stored into a database. In this step, all the IFC
objects are stored in responding database entities (Figure 4.7). In addition, all the
properties of the related object are stored in the same structure to the database. For
instance, all IFCWall objects are stored in one table, and its properties like

NominalLength are stored in another but it keeps its relationship.

We used MySQL to create the database that is used in FCC. It is an open source
relational database management system (RDBMS) and it is being widely used. It can
be used in a local machine or via internet. For this system, we had setup a local
database server. All the data is stored within this database and this data is queried

when the checking is done.
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Start

IFC Building Model is
parsed into entities and
properties with the use of
DOM Parser

These entities are stored
in mySQL database
tables.

no

Check if all
elements are
covered

Figure 4.7 : The entities from the IFC building model is stored in the mySQL
database.

After the database is populated, the system becomes ready for rule checking. If the
user selects a sentence number, the system locates the function to apply the checking.
If there is no special selection the system follows full check, which means checking
of all sentences. In this case, the functions are called one another to check for the
sentence. If an entity complies with the sentence, the result is stored as true in the

database, and if it does not comply with the clause, the result becomes false.
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For example, article 47, sentence one of the Turkish Fire Codes requires “The doors
found on the egress route must have a clear width not less than 80 cm. and height
more than 200 cm.”. For this clause, to pass the checking the width and height value
of the required doors are retrieved from the database. They are compared with the
required value and if they pass the requirements, they pass the clause. If they fail,
they fail the clause. And if there is a missing information this is informed to the user

with a warning (Figure 4.8).

Start

Article 47, sentence 1 is
selected for checking

The required conditions
are retrieved from the

class.

Is Door width >
80cm and Door
Heiaht > 200cm

yes missing info

PASS FAIL WARN

Figure 4.8 : Flowchart for an example of a checking of one clause.
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Model Name Office Building
Checker Balaban
Organization ITU

Time 05.11.2012 03:03

Yangin Yonetmeligi 2009 Gegti Kaldi

Madde 34. Yangin Guvenlik Holu
34.1
34.2
343
34.4
34.5 X
34.6
34.7 X
34.8 X
Madde 35. Kagis Yollar Gerekleri
35.1 X
Madde 36. Korunumlu ig kagig koridorlan ve gegitler

B B B B

=

Figure 4.9 : Text based reporting of FCC.

After the rule checking module finishes checking the building model, the results are
retrieved from the database and presented to the user. The results can be PASS if all
of the codes are satisfied, FAIL if one or more clauses fail and N/A if there is some
missing information, which prevents the program to run. If the result is, FAIL then
the program reports, which clauses of the code fail, and shows the cause of the
problem. The report page will be interactive so that users can check each clause
individually. It is possible to export this information in pdf, doc or xml format or to

take print outs of the report.

For the implementation of this system, we used Java programming language. Java is
an object oriented programming language and it is one of the most used
programming languages. There are lots of integrated development environment to
work with which is a tools suite that cover a language interpreter, a debugger,
database tools etc... We chose Netbeans integrated development environment, which

is published by Oracle itself.

For using the system, first step is to import an IFC building model that will be
checked against Turkish Fire Codes. In the demonstration of the FCC, one office
building example that is supplied by BuildingSmart organization is used (Figure
4.10). The building model of this office building is in IFC format. However, any
building model that is modeled in a BIM capable drafting tool with IFC exporting
property can be used in the system. When the program starts, the entities in the IFC

file is automatically stored in the database. After this step, user can select the clauses
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from the check boxes and the building model will be checked against selected
clauses. The results of the checking can be seen in the panel that is in the right side of

the checkboxes (Figure 4.11). Finally, these results can be printed for offline
inspection purposes.

Figure 4.10 : View from the building model used for testing the system.

- -—
&
File Edit

-\NFD Code Checking

(V] Doors Condition
(V] Ramps

= |5 [

Doors Condition FAIL
Ramps Condition FAIL

Door 235 Door ID: 1miifusgndCuABECgs2hGR Height: 2438 4 Width: 965.2 PASS
Door 236 Door ID: 3sUPG5Xxf5L0g97$CHbey Height: 2000.0 Width: 762.0 FAIL
Door 237 Door ID: 3zy79QrTb30B9VoPYRRSqO Height: 2000.0 Width: 762.0 FAIL
Door 238 Door ID: 16U_fpecl BHWC1ep95JpK7 Height: 2000.0 Width: 762.0 FAIL
Door 239 Door ID: 12_4_dSjvAmuZ0OPF2VFVRx Height: 2000.0 Width: 762.0 FAIL
Door 240 Door ID: 1M7HdHyij2ivU4vLPjgQTE Height: 2000.0 Width: 762.0 FAIL
Door 241 Door ID: 15kezXwEA05PSam$dxHo3c Height 2000.0 Width: 762.0 FAIL
Door 242 Door ID: 0M1W5zz2z6mQN4Yn6G8Wht Height 2000.0 Width: 762.0 FAIL
Door 243 Door ID: 39ys56EX58Wu_2WJujZQbr Height: 2000.0 Width: 762.0 FAIL
Door 244 Door ID: 30dQAdsnjBgg3ePeAPo$Xj Height: 2000.0 Width: 762.0 FAIL
Door 245 Door ID: 1y4kSMAZDBYITGKQ3UEWAH Height: 2000.0 Width: 762.0 FAIL
Door 246 Door ID: 26bEQ_q257FhuxbLQ4zznN Height: 2000.0 Width: 762.0 FAIL
Ramp 1 Height 1120.0 Length: 9770.0 Slope: 0.11463664278403275 FAIL

Ramp 2 Height: 1120.0 Length: 5040.0 Slope: 0.2222222222222222 FAIL

T

Figure 4.11 : Results of the checking.

The current implementation of the system is just a demonstration to show the main

working principles of the systems. There is still work to do even to fully cover egress
routes part of the TFC.
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5. CONCLUSION

This thesis underlined the need for a successful ACCCS. ACCCSs make code
checking faster, with less error, and is more cost efficient than the traditional way. In
addition, ACCCSs make the code checking process more transparent, which in turn
lessens the corruption that is prevalent in the process of getting approvals especially

in developing countries.

5.1 Potential users

ACCCS are developed to serve to two kinds of users. The obvious one is the code
compliance checking authorities. They need ACCCS to check projects before giving
authorization to construct. With the help of ACCCS, this process will be faster,

cheaper and with fewer errors.

Another advantage of using ACCCS for the code checkers is that because the code
officials will be part of the development of the ACCCS, the written codes will be
more structured and less ambiguous as the code officials will plan and write the
codes to suit the rule translation stage.

The second user type will be architects and designers. In this case, the automated
code compliance systems will be used for checking the project according to the codes
that it must satisfy. Therefore, the design stage of the projects will considerably get
shorter and there will be fewer errors, which may require costly after construction

modifications.

One more usage for these systems is controlling the design according to the project
specifications. Today this function is used with limitations in some systems,

especially for checking spatial layout requirements.

This side of the ACCCSs serving diverse users, needs different capabilities from the
system. For code officials, the ability to easily modify the stored clauses or enter new
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clauses is needed to keep up with the frequently changing codes. Whereas for the
designers graphical reporting and selecting the required clause group for the design

stage functions are needed to locate the problematic building element.

The only working ACCCS, CORENET only works for the code checking authority.
Architects working with CORENET must check its projects by uploading the files
into the server and get the results on the server. This requires frequent file transfers
between the server and the designer. It is not the ideal usage of ACCCSs, if we think
from designers’ side. Thus, a successful automated code compliance checking

system will be the only tool for architects to automatically check his designs.

5.2 Future work

As mentioned previously, the successful ACCCS are many years away. Our work
too, is in its development stage. There are many steps to succeed to develop a fully

automatic code compliance checking system.

In our work the rule base does not cover all of the fire codes, just some parts about
the egress routes are covered. First, we must cover the whole of the clauses in the fire
codes. This has its difficulties, as some clauses require some intrinsic information,

which is difficult if not impossible to acquire from IFC.

Our system lacks graphical reporting features which is required for easily locating
the problematic building element. For now the system only supports textual reporting
in which the element is referred by its number. This makes finding the element

harder.

One another thing to do is to follow IFD initiative and build Turkish dictionary in
parallel with the IFD effort. This is important as the tools that are used in design

firms are global and it is important to map Turkish terms with the global ones.
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