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Building code
compliance

* A —General Provisions

e B — Stability

* C— Protection from fire

* D — Access

* E— Moisture

e F — Safety of users

* G — Services and facilities

* H— Energy efficiency




Conventional Model Checking
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Compliance checking and rule parameters in Solibri (2021)



Research questions

1. How can NLP technologies support or automate the interpretation of building
regulations?

2. What technologies were used for the interpretation tasks and how well did they
perform?

3. What level of automation can be achieved for the computerisation of building
regulations?



Methodology
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» Natural language processing (included)
» Structured information processing (excluded)

Support tasks )
Document Representation (x) Number of studies focusing on a task

processing (1) quality check (1)

Preprocessing (1)

Codes :
and Text classification
standards | (6)

Information Information
extraction (16) transformation (6)

Information Reasonin
alignment (6) g
Information Information
extraction transformation

Text analysis (5)

Feature extraction

©)

’
’
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and
standards

2.2 Width

2.2.1 The clear width of an accessible route
shall be no less than 1200 mm.

COMMENT:

Handrails and other minor obstructions complying with
Paragraphs 1.5.1 and 1.5.2 are permitted to intrude into
this width.

2.3 Protection from falling

2.3.1 Where the surface of an accessible route
is more than 256 mm above the adjacent
ground, protection is to be provided by either a
75 mm upstand (kerb) or a low barrier rail.

5.2 Step-type ladders

5.2.1 Step-type ladders (see Figure 19)

shall have:

a) A slope of between 60° and 70° from
the horizontal,

b) Treads no less than 100 mm wide and
spaced evenly at between 200 mm and
250 mm centres,

c) A width between stiles of no less than
450 mm,

d) A height between landings of no more
than 6.0 m,

e) Clearances of at least:

i) 50 mm for hand movement along the
handrail,

i) 50 mm between the treads and any solid

objects behind the ladder,

Figure Service Ramps Footholds

8: Paragraph 3.1.2

(a) Cleats

Table 4:

Foothold Spacing for Service Ramps

Paragraph 3.1.2

Ramp slope Spacing (mm)
Goods No goods
carried carried
1:6 360 460
{E5; 330 430
1:4 300 400
(3 280 380

(b) Steps

Acceptable Solutions and Verification Methods For New Zealand Building Code Clause D1 Access Routes
(Ministry of Business, Innovation and Employment, 2017)
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<regulation id="D1AS1" name="Access routes" type="AS"> ...
<regElement id="D1AS1-1.0" name="General Criteria"> ...
<regElement id="D1AS1-1.1" name="Location"> ...
<regElement id="D1AS1-1.1.5" name="">

<regText>
Document Access routes which are part of an escape route
i shall also comply with NZBC C4.
processing (1) <regTot>

<reference name="NZBC C4" />
<concept name="Access route"/>
<concept name="Escape route"/>

Preprocessing (1)

Codes <definition>
. . <term> Access route </term>
and Text classification <definedAs>
standards (6) A continuous route that permits people and goods
to move between the apron or construction edge...
</definedAs>
Text analysis (5) </definition> ...
</regElement> ...
</regElement> ... Reasoning

Feature extraction </regElement> ...
(9) </regulation>

Legal document representation based on Lau & Law (2004)

Information Information
extraction transformation
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Support tasks
Document
processing (1)

Preprocessing (1 ['Accessible’, 'routes’, 'shall', 'be’, 'provided’, 'to', 'give’, 'direct’, 'access', 'to, 'the’, 'principal’,
‘entrance’, 'to', 'the’, 'building', 'where', 'practical’, ']
Text classification
©)
Text analysis (5)
Feature extraction
\ €) ;

Accessible routes shall be provided to give direct access to the principal entrance to the
building where practical.

Tokenizer (NLTK):

Codes
and
standards

d Stop word removal (NLTK):

['Accessible’, 'routes', 'shall', 'provided’, 'give’, 'direct’, 'access’, 'principal’, 'entrance’,
'building', 'practical’, ']

Porter stemmer (NLTK):

['access', 'rout’, 'shall’, 'provid’, 'give’, 'direct’, 'access’, 'princip’, 'entranc', 'build’, 'practic’, "]

Information Information
extraction transformation
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Support tasks :
Document Table 1. Classification of contents described in building
i processing (1) regulations
Level-1 Level-2 Level-3
; Preprocessing (1) Non-AEC Rule Amendment
Codes | Delegation,
and ! Text classification _ Reference
standards ! (6) Administrative Procedure
: Committees
! . ! participant
i Text analysis (5) i AEC Site Site
i Feature extraction 5 Facility
I‘\ &) ,:'I Usage
S Evacuation &

Fireproof

Source: Song et al. (2018)
Classified categories used in this paper are highlighted




NEEIVIEEREIVSE

! Support tasks

Document

: processing (1) i ¢
Preprocessing (1)

Codes |

and Text classification
standards (6) Quantitative

Complex Simple

T

! Moderate Moderate

Qualitative

! Text analysis (5)

Simple

i Feature extraction 5 Descriptive
: (9) ;

\
\
\ ’
N ’
N .,
~ -

Reasoning

Moderate

Clustering building codes (R. Zhang & El-Gohary, 2021)
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Support tasks

Document

Representation
quality check (1)

Dependency parsing and part-of-speech tagging (spaCy):

processing (1)

Codes
and
standards

nsubjpass

Accessible routes shall be provided to give direct access.

ADJ NOUN VERB AUX VERB PART VERB ADJ NOUN

Information Information
extraction transformation
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/ Support tasks
Document ' Representation
processing (1) | quality check (1)

Preprocessing (1)

Codes - ' Information Information

and Text classification extraction (16)
standards ! (6) ,

Text analysis

transformation (6)

Information

2.2.1 The | clear width of an | accessible route| | shall be [ no less than
Compliance checking attribute: Deontic operator indicator Quantitative relation
| 1200 | | mm | )

Semantic information elements (J. Zhang & EI-Gohary, 2016)
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Input:

Support tasks

Subject: accessible route

Rep'resentation Compliance checking attribute: clear width
quality check (1)

Document

processing (1) Deontic operator indicator: shall

. Quantitative relation: no less than
Preprocessing (1)

Codes Quantity value: 1200

and
standards

Information
extraction (16)

Text classification Quantity unit: mm

©)

Output:

The clear width of an accessible route shall be no less than

Text analysis (5) 1200 mm.

Feature extraction

Natural language generation to evaluate semantic information
(9) ! elements (R. Zhang & El-Gohary, 2020)

Information Information
extraction transformation
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<Irml:PrescriptiveStatement key="NZ_NZBC-D1AS1#2.6_t2.2.1">
<ruleml:Rule key="NZ_NZBC-D1AS1#2.6_t2.2.1">
<ruleml:if>
<ruleml:Expr>
<ruleml:Fun iri="lovo:equal"/>
<ruleml:Atom>
<ruleml:Rel iri="buvo:type"/>
<ruleml:Var iri="buvo:accessRoute"/>
</ruleml:Atom>
<ruleml:Data xsi:type="xs:string">accessible</ruleml:Data>
</ruleml:Expr>
</ruleml:if>
<ruleml:then>
<ruleml:Expr>
<ruleml:Fun iri="lovo:greaterThan"/>
<ruleml:Atom>
<ruleml:Rel iri="buvo:clearWidth"/>
<ruleml:Var iri="buvo:accessRoute"/>
</ruleml:Atom>
<ruleml:Data xsi:type="lkm:measurement">
<lkm:baseUnit Ikm:prefix="milli" lkm:kind="metre"/>
<lkm:value>1200.0</lkm:value>
</ruleml:Data>
</ruleml:Expr>
</ruleml:then>
</ruleml:Rule>
</Irml:PrescriptiveStatement>

LegalRuleML example based on Dimyadi et al. (2020)

Information
transformation (6)

Information

alignment (6) Reasoning

Information

transformation
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Support tasks

Document
: processing (1)

Preprocessing (1)

Representation
quality check (1)
Information

transformation (6)
w SELECT ?a

ifc:overallHeight Ichom WHERE
df type {

inst: Ichosm\ eLengthMeasure 47690 T T (b Information Reasoning
7a ifc:overallHeight IfcDoor 7b. g
express:hasDouble HEyHe 7b express:hasDouble 7c. alignment (6)
Information
transformation

lfc IfcDoor

. o FILTER (?c >=1.981).
'2.032" ’\ "xsd:doubl o fc:IfcPositiveLengthMeasure \
Source: Guo et al. (2021) '




Gaps in research

Insufficient No public data sets Scalability vs Expanding beyond Standardising
regulation context accuracy guantitative textual quality assurance
requirements



Natural Language Thank you very much
Processing for

Building Code | foryour |
Interpretation time and attention
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