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Abstract

The construction industry is inefficient and has plenty of
communication and coordination issues that can lead to an
increase of 20-25 percent on project delivery costs (Allen &
Shakantu, 2016). The design process is tedious and filled with
revisions. The issue of code compliance amidst these changes and
revisions further complicates the process. Code compliance
checking can be cumbersome. This is mainly because most
designers check 2D text and documents manually, which is very
error-prone. Building Information Modeling or BIM is a 3D
parametric-based methodology that is now being used by around
a third of the construction industry in the Philippines (ASEP,
2013). It is strongly being used by other countries and has a high
adoption rate worldwide (Kalfa, 2018). Programming and visual
programming further enhances the capability of BIM to automate
tasks and manipulate data. This can be used to create an actual
automated code compliance check tool to address issues of
compliance with building standards. The purpose of this study
was to create an automated code compliance checker of the
National Building Code of the Philippines for R-1 projects. The
results for the automated code check were then compared with the
results of the manual code check of the 2D documents of the
projects, to evaluate if the developed automated code compliance
checker was accurate, efficient, and feasible. The results showed
that the percentage discrepancies between the two forms of code
checks did not exceed 6 percent, most of which were from human
modeling errors. Moreover, the automated code check took
approximately five minutes per project compared to the manual
code check that took approximately one hour. The developed
automated code compliance checker is usable at its current state
and it has potential for improvement in the future.

Keywords: BIM, Visual Programming, Compliance Check,
Building Code, Automated.
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I. Introduction

The construction industry is one of the most inefficient
sectors worldwide. It is filled with problems that are caused
by communication and coordination issues (Allen &
Shakantu, 2016). This is also apparent in the Philippines,
where delays and issues plague the sector.

Code compliance is one of the problems in the country. It is
important because it ensures that a building is stable,
reliable, and usable. Unfortunately, many designers and
owners disregard the code because of its inconvenience
both in the implementation and the tedious process of
manually checking the code (Preidel & Borrmann, 2016).

Code compliance checking is the process of checking if a
building design conforms with the standards and codes
that the building is subjected to. Designers and inspectors
usually do this by manually checking 2D technical and
textual documents and comparing them with the numerous
standards and codes written in text (Preidel & Borrmann,
2016). Many codes can be subject to misinterpretation. In
addition, there are plenty of codes that conflict with one
another, making the process not only tedious but
cumbersome and error-prone (Kim et al., 2011).

A survey by the International Code Council and National
Association of Home Builders found that more residential
buildings have code violations than commercial buildings.
(International Code Council and National Association of
Home Builders, 2013). Of note, most approved building

1 This article is a summary of a graduate thesis for Master of Architecture completed in June 2020, A.Y. 2019-2020
under faculty adviser, Prof. Ronald S. Balane from the Building Science Studio Lab.
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permits in the Philippines are that of residential projects
(Philippine Statistics Authority, 2018).

Building Information Modeling or BIM is a 3D based
methodology of producing Architectural, Engineering, and
other Construction professional’s drawing and output
(Matejka & Tomek, 2016). There are several software
programs available that are considered BIM tools like
Autodesk Revit and Graphisoft ArchiCAD. Architecture,
Engineering, and Construction or AEC professionals are
already utilizing BIM for their construction projects. Some
claim BIM as the solution for the construction industry’s
woes since it eases the process of the workflow and
improves communication and visualization in projects
(Allen & Shakantu, 2016). BIM makes data readily available,
which helps in the coordination of design and construction
issues as well as in the actual work. This is because it allows
the use of standard components, which saves time and
makes production more efficient (Dowsett & Harty, n.d,;
Kuehmeier, 2008; Reizgevi‘cius et al., 2018). However,
available BIM software also has numerous limitations
which can be bypassed by support software or add-ins, like
visual programming.

Visual programming is a process wherein a user may
develop programs with tools, buttons, or nodes on screen
that may be connected like a flow chart, which displays
logical paths and associated code blocks. It functions the
same way as a text-based programming or coding but is
easier to understand and is more suitable for designers,
architects, and engineers. Visual programming offers a lot
of opportunities for the AEC. It can automate repetitive
tasks, maneuver data, give access to parametric design and
more complex 3D, and can even test performances (Santos,
2015; Anderle & Allen, 2017).

With the available technological tools in the AEC industry
like BIM and visual programming, there is a possibility of
having an actual automated code compliance checker that
is convenient, flexible, and feasible.

II. Methodology

Ample research was done to study how to use visual
programming in BIM. Studying the National Building Code
of the Philippines was also necessary to be able to create an
automation that is accurate.
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Figure 1. General Methodology.

The types of codes from the National Building Code for R-
1 projects were compiled and organized. The codes were
separated per element in accordance with the elements
available in Revit.
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Figure 2. Categories for Automation.

The automation was filled with modeling and experimental
studies because of the necessity of creating multiple BIM
models for the testing and creation of the automated code
checker.
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Figure 3. Automation Methodology.

Five actual approved R-1 projects were gathered to be used
for the testing of the research. A reliable practicing senior
design consultant was asked to manually check the 2D
documents of those five projects. While the 3D model of
those five projects were used to test the developed
automated code compliance checker. The results for the
automated code check were then compared with the results
of the manual code check.

MUHON: A Journal of Architecture, Landscape Architecture and the Designed Environment

University of the Philippines College of Architecture

Issue No. 8



Developing an Automated Philippine National Building Code

Compliance Check in BIM Using Visual Programming

Lopez

Actual
Project Automated

Apply
Code Check
BIM Model e ched
Ask for Perrmission
comPaRe

2D |
Manual

contract Code Check |
documents

Figure 4. Testing Methodology.

This final test was used to see if the automation was useful,
convenient, accurate, and flexible.

III. Gathered Data

A. Codes, Compliance, Permitting, and
Revisions

Codes are a necessity because it ensures the safety and
functionality of a structure. This is especially important for
disaster prone countries since many damages on structures
occur because of non-compliance to the code (Cox et al.,
2006).

Given the changing times, construction practices, and
requirements, codes should be frequently changing.
However, most developing countries neglect the code
leading to outdated rules and regulations.

Codes are also often confusing and conflict with other codes
which could lead to misinterpretations that lead to rework
and double handling. The National Building Code of the
Philippines and other codes in the country like the Fire
Code are not exempted from this issue. Codes should not
only be harmonized and consistent with one another, they
should also be simplified and easy to understand.

Compliance to the code is legally required. Unfortunately,
in the Philippines, compliance is rather low because of the
lack of budget and overworked building officials and
inspectors. This is also the reason for the lack of code
enforcement in the country. Plenty of times, compliance
becomes reactive rather than proactive (Cuntapay, 2009).

To check compliance, most designers manually check their
drawings and cross check those with all the codes their
projects are subjected to. Some would opt to check the code
before and after planning. It is also recommended that the
designers know the code well so that they will avoid design
choices that could go against the code requirement in the
process of designing or planning their projects. Designers
should also coordinate with the local government unit to
make sure they abide by all local laws and special
requirements.

The process of permitting in the Philippines is quite simple
but it can become complicated depending on the building

official or the handler. Some local government units also
require different things so requirements can differ per city.
Moreover, corruption is known to plague the process.
Ideally, codes must be updated and coordinated with other
approving bodies to negate confusion and to have
consistency.

Construction projects with approved building permits in
the country are mostly residential buildings. Residential
buildings also have more code violations than commercial
buildings (International Code Council and National
Association of Home Builders, 2013).

Projects always go through revisions because of the many
factors and issues in planning and design. Changes could
occur not only because of code compliance but also because
of other factors like value engineering or site adaptation.
Most of the revisions in projects involve walls. Walls always
change and even the slightest movement in walls affect
other elements in a building like the room areas and
ceilings. Any revision made could mean rechecking
drawings to check if it is still compliant or not which can be
tedious and time consuming.

B. Technology

The technological hardware and software were very
essential for this study since it highly utilized computers.
The study primarily used an Intel Core i7 at 3.4 GHz
desktop with 16.0 GB RAM and a Windows 10 operating
system. A laptop with Intel Core i5 at 1.00 GHz with 12.0
GB RAM and a Windows 10 operating system was also
used occasionally. Both computer systems can create and
run the automation with no problems.

BIM is a 3D based methodology of producing drawings and
plans for the AEC. It has plenty of advantages because it is
parametric and automated. This is likely the reason why
there is a large increase in BIM usage rate worldwide. The
table below shows some of the advantages and
disadvantages of BIM.

Table 1. BIM Advantages and Disadvantages.

Advantages Disadvantages
Licenses and equipment
required are expensive

Takes time to train people

Increased efficiency

Reduced errors and

rework and to implement
It is hard to shift to BIM
Reduced manpower especially for the older
generation
Better presentation and Return of Investment
clearer design takes time
Better coordination Dependence. onser
expertise

The study made use of Autodesk Revit Architecture. Revit
is one of the most used BIM software as seen in the table.
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Table 2. BIM Software Usage.

BIM Software User Percentage

Revit BIM 67.08

ArchiCAD 31.69

Bentley BIM 14.79

Other 20

Tekla Structures 5.99

Digital Project 4.05

Nemetschek AllPlan 2.29
Adapted from: ‘Review of BIM Software Packages Based on Assets
Management,” by Kia, 2013, Retrieved from

https://www.researchgate.net/publication/253058808_Review_of Buil
ding_Information_Modeling_BIM_Software_Packages_Based_on_Asset
s_Management.

The version used for the study initially was Revit 2019. The
research then shifted to Revit 2020. The shift was seamless
with just a few edits in the automation script. There were
no issues or problems that occurred.

Visual programming is a means for visual professionals like
architects, designers, and engineers to write computer code
even without profound knowledge on programming. Most
visual programming tools are free and accessible. With
visual programming, the manipulation of data within BIM
to be able to apply a set of rules and be automated becomes
possible. Tedious tasks like renumbering and creating
sheets becomes easy and efficient to do.

The Visual Programming tool that was used for the study
was Dynamo which is compatible with Revit. It is already
included in Revit 2017 and above as an add-in which can be
seen in Revit’s ribbon panel in the Manage tab. It is free to
use and can easily be downloaded on its website,
dynamobim.org.

a3
2 B Dynamo
Dynamo Dynamo
Player
Visual Programming

Figure 5. Dynamo.

Dynamo packages were also downloaded for the study.
These are also free and can easily be downloaded in
dynamopackages.com.

R Installed Packages - O X
archi-lab.net
Clockwork for Dynamo 2.x

Rhythm

spring nodes
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Figure 6. Dynamo Packages.

The initial version used for the study was Dynamo 2.0.1 but
when the research shifted to Revit 2020, the Dynamo
version was also updated to Dynamo 2.1.0. The only change
that had to be done when the shift happened was the
update of the selection nodes in the script.

C. R-1 Projects

The researcher gathered five actual projects that have
approved building permits and are already built. All of
them are R-1 single detached residential structures that are
at the mid to high end range of construction. They are all
quite different which is good for the automated code check
test since different issues could arise from different kinds of
setups. These projects were used for the testing of the
automated R-1 building code compliance check.

All the necessary 2D construction documents were also
provided by the five architects of the five projects. These are
the documents that were approved by a building official.
The specific documents that were sent were the Site
Development Plan, Floor Plans, Elevations, Sections,
Reflected Ceiling Plans, and the Window Schedules.
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IV. Results and Analysis

Creating the automated code compliance checker involved
the creation of customized parameters and plenty of data
manipulation with Dynamo.

The automation of the codes was pretty complicated and
involved plenty of additional parameters, gathering of
- parametric and automated data, and workarounds. Most of
the scripts were difficult to do despite the mastery of Revit
and its features.

Figure 7. 2D Documents.

All of the projects were produced in BIM but only two of
the five used Revit so the other three models had to be made
from scratch.

Figure 9. Automated Code Compliance Checker Script in

Tf_ i Dynamo.
!H iy -P A

A. Automation

Parameters created in Dynamo will be in a separate script
and will be run in the Revit model first before the main
automation script. For some parameters that were created
like the “Type” and “Natural Ventilation” parameters for
the rooms, the user or the designer must manually input
these parameters. After the first script which has the
parameters are applied in the Revit model, the user should
input the correct data in some of the parameters.

In case the designer is unavailable to input the correct data
for some of the parameters that need data, the most
stringent default values can be automatically placed.

Room Default Values

Eement setparameterdyame:
> flement

Nacural Venmiazian > peed Han
e

=

Figure 10. Area Script — Room Parameter Default Values.

1. Percentage of Site Occupancy (PSO)

Automating the Percentage of Site Occupancy or PSO
compliance at first seemed simple enough but was a little
more complicated than expected. Luckily, Revit has a
property line element with an automatically generated
area.

Figure 8. 3D Revit BIM models of Actual Projects.

Floor elements in Revit are used for both the structural slab,
landscape, pavements, and finishes. Not all of those would
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be considered as part of the built area which is bounded by
the PSO. Since Revit has an automatic parameter which can
be used to state if a floor is structural or not, that parameter
can be used to figure out if a floor is part of the built area.
Floor elements in a particular level which are structural will
be considered as part of the built area.

Using the total area of the lot area generated from the
automatic parameter of the property line element and the
total area of the structural floor area in the first level,
figuring out if a project is compliant with regards to the PSO
becomes possible.

Figure 11. Dynamo — PSO Compliance Script.

2. Setbacks

Automating the setbacks were even more complicated than
the PSO especially since orientation must be considered for
the front, side, and rear setbacks. Revit has no innate
parameter which states which side of its property line is the
frontage of the lot. A complicated script which involved
getting the vector value of the midpoint of each side and
evaluating the location of these values had to be done to
figure out which side is facing what side.

Figure 12. Dynamo — Setback Script.

3. Room Area and Window Opening Area

The room area and window area automation required
several Booleans and new parameters to figure out if aroom
is compliant or not. The script made use of the room’s
automatically generated room area and a new parameter
that would dictate what type of room the room was based
on the types in the building code.

It also made use of a tool that could select objects within or
by the room. In this case, it selected the windows of the
room. From there, the automatically generated height and
width of the windows were taken and multiplied with each
other to get the area of the window. All the areas of the
windows within the room were taken to extract the total
window opening area per room. A new parameter was also
created to determine if the room was naturally or artificially
ventilated since the requirements within the code are
different depending on its type of ventilation.

Figure 13. Dynamo — Room Area and Window Area Script.

4. Ceiling Height

In the Ceiling Height automation, the script made use of a
tool that could gather elements within the room just like the
one used for the window opening automation. In this case,
the elements selected were the ceiling and the floor.

The basis of the result will be the highest floor and the
lowest ceiling of a room. Thus, if the result is not compliant,
it will not necessarily fail compliance since the highest floor
and the lowest ceiling may not be in the same axis. This is
the reason why the result will show “Check” instead of
“Fail”.

Figure 14. Dynamo — Ceiling Height Script.

5. Stairs

For the Stairs, the script will be applied on stair runs instead
of the main stair since each stair run can have different
risers, treads, and width. Checking the individual stair runs
instead of the main stair will be more accurate. Stair Runs
are nested within the main Stair family in Revit so the
Compliance parameter created for all elements will not
appear in the nested elements. A separate Compliance
parameter for the Stair Runs had to be created. The “ Actual
Riser Height”, “Actual Tread Depth”, and “Actual Run
Width” parameters of the stair runs in Revit are
automatically generated. They are accurate but the Width
and Tread will not have values if the Stair was created by
sketch. The solution was to make stair runs with a missing
value on any of the three parameters fail compliance. The
user can then manually check these stairs.

Stairs.

Figure 15. Dynamo — Stair Script.

B. Testing

The manual code check took some time before completion.
The architect consultant checked the documents using its
PDF file which is both an advantage and a disadvantage.
The difficult thing with checking PDF files instead of an
actual paper is that the checker was not able to simply use
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a ruler or a scale to measure the drawings. The advantage
however is that the drawings can easily be zoomed in and
out and are much clearer than having it printed. Moreover,
since the PDF files are properly scaled, the consultant was
able to place or import the PDF file to a CAD program.
From there the consultant was able to measure the rooms or
windows digitally. This is more accurate and at times easier
than measuring an actual drawing in a sheet or paper.

The average time taken for the consultant to manually
check the drawings was around an hour per project. Project
2 took much longer because it had more rooms than the
other projects.

Table 3. Manual Check — Time Taken Average.

P1 P2 P3 P4 P5 Ave
Time 1hr
Taken | 1 | and | 1 1 1 1ngr6
to hour 30 hour | hour | hour | & .
Check mins mins

For the time taken of the automated code check, it was
definitely quicker. The average time taken to run it was four
minutes and 23 seconds as seen in the table below.

Table 4. Automated Check - Time Taken Average.

P1 P2 P3 P4 P5 Ave
Time 4 5 4 3 3
Taken mins | mins min. mins | mins | 4 mins
to and | and an ds and | and and
Check | 355 | 304 543 | 388 | 478 | 23.02

3 3 ) 9 1 secs
secs
secs | secs secs | secs

It is safe to say that the automated code check will only take
around five minutes, but this will obviously vary
depending on the file size of the model, the computer
speed, and other variables. One factor that made it longer
to run the code check in Project 2 was the fact that it had
more rooms than the rest. The part where the data had to
be manually inputted took at least 40 seconds longer than
the rest of the projects. So basically, the more rooms and the
more complicated a project is, the longer it will take to run
the automated code compliance checker. However, it will
be safe to assume that it will take most projects less than 10
minutes. Do take note that time taken can also increase
significantly depending on the status of the model.

Some issues on both types of code checks found were due
to human and modeling errors. At one instance, the 3D
model was lacking some windows that were in the 2D
documents. In another instance, the manual code checker
forgot to include a few windows in the computation of the
total window opening of a room. Some elements were also
used incorrectly like the image below where the lavatory
counter was made using a Floor element.

Figure 16. Project 1 — 3D Floor Error.

Despite a few issues, the results of both code checks were
similar with no compliance percentages differences greater
than 6 aside from Project 2 which had an outdated model.

Table 5. Manual and Automated Check — Compilation

Project 1 Project 2 Project 3 Project 4 Project 5
Many | Auto | Manu | Aute | Mans | Awsto | Manu | Auto | Manu | Auto
al mated al mated al mated al mated al mated
PsO clelcl|leclc|lec|cle|c]ec
Compliance
Front | C = [ C C C C C C C
iﬁ“’“ll_‘ Rigit | C | € | c | c|lc|lclclc|c]lec
ompli
ot et [c Jc[cJclelelclelcTe
Rear C C C C C C C C C ©
BHL cle| s |F | F|lc|Flc|cle
Compliance
Room and 823 | 823 | 675 [ 621 | 826 | 782 | 640 | 692 | 791 | 79.1
Opening Area < <
3 5 5 7 6 1 6 0 3 7 7
Compliance %
Floor to Ceiling | 64.7 | 64.7 | 945 | 86.4 100 100 88.0 | 884 | 95.8 | 91.6
Compliance % 0 0 9 9 0 6 3 7
Stair . 100 100 100 100 100 100 100 100 100 100
Compliance %
4 1 5 4 3 3
A imat mins h mins 3 mins mins
pproximate 1 | and | ®% [ and | 1 [®™2| 1 | and | 1 | and
Time Taken to <. | and and -
hour | 355 304 | hour hour | 58.8 | hour | 47.8
Check 3 30 3 243 9 1
mins secs.
secs secs secs secs

The automated code check was actually able to detect more
code violations than the manual code check as seen below.

Table 6. Automated Check — Percent of Accuracy.

Manual Automated Discr
Code Check | Code Check ailcc ©
Average Average pancy
. . (MC-
Compliance | Compliance AC)
% (MC) % (AC)
Site 90.00 96.67 -6.67
Room and 75.14 74.23 +0.91
Opening Area
Floor to 88.62 86.26 +2.36
Ceiling
Stair 100 100 0

Discrepancies with positive values means that the
automated code check was able to detect more code
violations than the manual code check; while the negative
values mean it detected less. While many of the detected
violations that the automated code check found but not in
the manual code check were false violations due to
modeling errors. The automated code check still had some
correct values that the manual code check was not able to
detect. Regardless of some discrepancies, the result of both
code checks is similar as seen in the graph below.
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CAD.

Average Compliance Result Percentage Table 7.1. Automated Code Check — SWOT Analysis.
Strengths | Weaknesses | Opportunit Threats
ies
Quick Some setup Faster Inadequate
: process. or model process will | equipment
, cleaning mean better | and large
may be efficiency. | model sizes
0 necessary can
which can drastically
' take time. slow down
o the process.
et e M_:Ti‘d :‘:“‘Scm‘ e High Errors may Greater Possibility
Figure 17. Code Check — Average Compliance Result Percentage. accuracy. occur that chances of of missed
A quick manual check of the results of the automated code will require the errors and
check can also be accomplished to ensure that the generated a manual avoidance false
result is accurate. Doing so will take approximately five to check. of non- compliance
10 minutes which will vary per person. A modified time Results are compliance
taken which includes the quick manual check for the affected by | in projects
automated code check can be seen in the figure below. the accuracy | or designs.
of the
Modified Time Taken in Minutes model.
Table 7.2. Automated Code Check — SWOT Analysis.
Strengths | Weaknesses | Opportunit Threats
7 ies
Flexible Difficult to Has the Manipulati
N and edit for capability of | on of the
“ editable people with adding script could
” rulesets. no more rules lead to a
“ background | in the script | possibility
v I I I . l in Dynamo | depending of the
’ poject 1 et 2 - roiect 4 rojects or Revit. on the creation of
= Automated & Manual specific false
Figure 18. Code Check — Modified Time Taken in Minutes. codesof a | compliance
Even by doing that, the automated code check will still be spe'c1f12 by ed1t¥ng
considerably faster than the manual code check since the project? the ST P
latter took at least an hour even with the use of excel and p accordingly
Uses a Can only be This was Updates
specific used on created and
BIM Revit using visual | changesin
software models. programmi | Revit may
C. Synthesis so there ng, soitis require the
. i will be no possible to constant
A summary of the automated code compliance checker’s .
. need to apply updating of
strengths, weaknesses, opportunities, and threats are stated ..
- convert similar rules the
in the table below. the model. to other Dynamo
BIM script.
software.
Makes use | Dependence | Increased Shifting
of on proper usage rate methods
available | equipment, | of BIM for and
and licenses, the past few practices
popular and experts. | years makes | can occur
technology the desire that may
for the for an not be
AEC. automated | favorable to
code check BIM.
within BIM
likely.
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The Automation of the code is convenient and useful as
seen in the results especially if a designer is already using
Revit. However, there are still several general key factors
and possible issues that are not too obvious but still need to
be emphasized and looked at.

First is the model and user variability. An incorrect manner
of modeling like the use of generic masses that do not make
use of Revit's innate parameters will inevitably make the
automation fail in some aspects. People will do things
differently and generic models or incorrect elements are
sometimes being used by Revit users who are not yet adept
to the software. If modeling issues are applied to any
model, there will likely be problems wherein the
automation script will not be able to come up with an
accurate result. This issue can be solved if the user becomes
aware or knowledgeable of the correct practices in
modeling using BIM.

The automated code check script made use of the innate
parameters within Revit whenever it could be applicable to
most models. However, automatically generated
parameters are not always present. There were instances
wherein an automatic parameter was not present for a
particular code. This meant that the automation script had
to create these parameters which further complicated the
script. Moreover, it added tasks for the user to do since they
will have to input the fields for some created parameters as
opposed to simply running the automated code check
script. At this point, this is inevitable unless Autodesk adds
such parameters in the future.

With regards to linked models, some models will likely
have separated models that are linked with one another.
This could cause some issues with the automated code
check since the script may not be able to read all the
elements of a linked model. Also, linked models may have
different levels, families, elements, and the like which could
also cause issues and duplicates. A workaround for this
could be by exploding the links in a single file, but that will
not solve the duplicate problem so a model cleaning may be
necessary before running the automation. Luckily, Revit
has a feature wherein, if the family name is the same, a
copied family from a different Revit project will have the
option to use the features of the family within the local
Revit file as opposed to creating a duplicate of that same
family. It is even possible to replace the one in the local
Revit file with the family being copied.

While it is ideal to be able to have an automation script
using default settings and default parameters, in actuality
that will not be the case. In the automation script, some
nodes that were used were from Dynamo packages like
clockwork, archilab, springnodes, and more. These had to
be downloaded since they were not included in the default
nodes within Dynamo. The good thing with Dynamo is that
all those packages are open source and easily accessible.
The Dynamo community is also very helpful and answers
most questions in its forum.

Another issue that could not be avoided are issues within
Revit itself. While doing the setback automation, a Revit
API issue wherein floors, hatches, and the like which has a
sketch as boundaries, cannot be generated with a hole in
Dynamo. The workaround is to create an opening on the
floor to create the hole but that will not work for hatches. It
is also plausible to manually create the hole in Revit and not
in Dynamo. Although this specific issue did not conflict
with what was needed for the R-1 codes, technical issues
could be a problem for future automated code checks.

Given the following concerns that were mentioned about
the automated code compliance checker, a clear guide that
is easy to understand was created. The guide will allow any
user that is not the researcher to be able to easily use the
automated code compliance checker. The guide was created
in accordance with the possible issues that may occur.
Appropriate images were also added to better guide the
user.

The guide has four parts: Before You Get Started,
Instructions, Changes, and Disclaimer as seen in the images
below.

Figure 19. Guide for the Automated Code Check.

In the first part, the guide briefly discusses the things that
must be done with any Revit model before starting the
automated code compliance checker. It specifically

discusses the property line issue and its quick recreation to
solve its issue. The first part of the guide also discusses that
the model’s floor slab structural parameter should also be
checked for the PSO compliance.

|. Before You Get Started
1. Property Line

2. Floor Slabs

+ Change floor structural parameter accordingly:
direction. o Floor slabs that are part of the built area for
+ The property line should be the PSO should be structural. They should be of
closed. the same level settings.
< o For projects with multiple levels set for the
groundline level like projects with slopes, refer
to lll.1.
= <] 68 earType
2

[GRouND 7100

0

* Remodel in a counterclockwise

=i

4. Dynamo Packages
+ Download and Install the following packages:

3. Reminders
« All rooms subject to the Code
should have a Room element in
Revit.

+ Room openings should be a
Window category/family.

Figure 20. Guide — Before You Get Started.
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The second part provides the instructions on how to use the
automated code compliance checker. From opening the
model to opening the Dynamo add in and scripts to
running the scripts. All the required instructions will be
covered.

1. Open the Revit Model of your project.
« Version 2019 or 2020.

2. Go to the default 3D view.
* Default name is usually “{3D}".

3. Open Dynamo.
« Version 2.0 and up.
« In the Manage Panel, Visual Programming tab.

e
- f2 8

.
© satoge

4. Open “Automation Parameter.dyn”

5. Run Automation Parameter script.
» Just ONCE.

6. Close Automation Parameter File.

Figure 21. Guide - Instructions 1.

The schedule that must be created in Revit and the
parameters that the user will have to manually fill in are all
clearly discussed in the guide so that the user will not miss
anything.

7. Go back to Revit and create two schedules.
* Rooms schedule with parameters: * Stair Runs schedule with parameters:
==

v

8. Input the required data in the Room schedule.
- Natural Ventilation and Type parameters.
for the “Type” parameter:
H = Habitable, K = Kitchen, T = Toilet, N = Non-habitable, O = Outdoor

[ e \

N T 5 — < TR — PR ——
=3 Teew PN —T oot Comy U west e Geing Cewarce _Gompunce P Cemg ]

UASTER SEDR00 [GROWS FLOGA TETE 17

T T T L —— i { ‘

9. Open “Automation.dyn” in Dynamo.
- Double check the level at the PSO script, it should be the groundline level.

10. Run Automation seript.
= Two times.

« If there are updates in the model this can be rerun any number of times.

Figure 22. Guide — Instructions 2.

After the scripts are run, there are also instructions on how
to check the results of the compliance report as seen in the
image below.

11. Check the project information for the result of the PSO compliance.

12. Check the default 3D view for the setbacks and
BHL compliance.
« The transluscent solid represents the allowable
building area based on the setbacks and BHL.

13. Check the two schedules created earlier for the result of the area, openings,
ceiling height, and stair compliance.

<Room Schedule~ |

L 0 I 3 I F I 3 I L]

Figure 23. Guide — Instructions 3.

The third part discusses the changes that can be made
depending on the particular project’s situation and if there
are local laws or other codes that have different values.
Particularly, it discusses how to add levels for the PSO
compliance, how to adjust the setback values especially for
projects with multiple frontages, and the need to adjust the
BHL value depending on where the property line was
modeled.

Ill. Changes

1. PSO level.
* You can add levels where the structural slabs will be taken from for the PSO compliance script
if there are several levels that was made for the groundline level. Connect the added level to the
“list.create” node as seen below.

== \ ey | =

= e

- -

2. Setbacks.
* Required setback values may differ per situation or per project so adjust accordingly.

Code Block

points = pts.

), distances); >

3. BHL.
+ Depending on what level the property line was modeled, the value of the BHL may have to be
adjusted accordingly. R-1 projects has a 10,000 maximum required BHL but if the property line
was modeled in a lower/higher level than that of the groundline level then adjust the value.

—

l

Curve ExtrudeAssolid

Figure 24. Guide — Changes.

For the last part, it discusses all the misconceptions that
could arise with the automated code compliance checker.
The floor to ceiling compliance issue is discussed and it also
discusses the warnings that may appear.

IV. Disclaimer

1. Floor to Ceiling Compliance.
* You are only assured that a room is compliant with regards to the floer to ceiling clearance but
the script will not tell which rooms fail compliance, instead it will state “Check” which means the
room may not be compliant.
* The floor to ceiling compliance check only applies to ceilings and does not include floor to
beam or floor to floor clearances

2. Warnings.
+ Some warnings may appear in Dynamo when you run the script but it will still usually work.

3. Model and User Variability.
* Depending on the user, a model in Revit may have been done in an incorrect way which will
inevitably make the automated code check fail. (ex. using generic models for elements,
using 2D to represent a 3D element.)

Figure 25. Guide — Disclaimer.

Notes within the Dynamo script were also placed to show
the same instructions found in the guide as seen below.
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Figure 26. Dynamo — Notes.

Getting Started:

Property Line

= Remodel in a counterclockwise direction.
* The property line should be closed.

Floor Slabs
= Change floor structural parameter accordingly:

- Floor slabs that are part of the built area
for the PSO should be structural. They should be of
the same level settings.

- For projects with multiple levels set for
the groundline level like projects with slopes refer to
o1

Reminders

* All rcoms subject to the Code should have a Room
element in Revit.

* Room openings should be a Window category/
family.

Changes:
1. PSO level.

= You can add levels where the structural
slabs will be taken from for the PSO compliance
script if there are several levels that was made for
the groundline level. Connect the added level to the
“list.create” node.

2. Setbacks.

- Required setback values may differ per
situation or per project so adjust accordingly.
3.BHL

+ Depending on what level the property line
was modeled, the value of the BHL may have to be
adjusted accordingly. R-1 projects has a 10,000
maximum required BHL but if the property line was
modeled in a lower/higher level than that of the
groundline level then adjust the value.

Instructions:
1. Open the Revit Model of your project.
= Version 2019 or 2020.
2. Go to the default 3D view.
- Default name is usually “{3D}".
Open Dynamo.
» Version 2.0 and up.
4. Open “Automation Parameter.dyn”
. Run Automation Parameter script.
= Just ONCE.
Close Automation Parameter File.
Go back to Revit and create two schedules.
+ Rooms schedule
= Stair Runs schedule
8. Input the required data in the Room schedule.
» Natural Ventilation and Type parameters.
for the “Type* parameter:
H = Habitable,
K = Kitchen,
T = Toilet,
N = Non-habitable,
© = Outdoor
9. Open “Automation.dyn” in Dynamo.
» Double check the level at the PSO script,
it should be the groundline level.
10. Run Automation script.
= Two times.
- If there are updates in the model this can
be rerun any number of times.
11. Check the project information for the result of
the PSO compliance.
- In the Manage Panel, Settings tab.
12. Check the default 3D view for the setbacks and
BHL compliance.
» The transluscent sclid represents the
allowable building area based on the
setbacks and BHL.
13. Check the two schedules created earlier for the
result of the area, openings, ceiling height, and stair
compliance.

w

v

o

Disclaimer:
1. Floor to Ceiling Compliance.

= You are only assured that a room is
compliant with regards to the floor to ceiling
clearance but the script will not tell which rooms fail
compliance, instead it will state "Check” which
means the room may not be compliant.

» The floor to ceiling compliance check only
applies to ceilings and does not include floor to
beam or floor to floor clearances.

2. Warnings.

* Some warnings may appear in Dynamo
when you run the script but it will still usually work.
3. Model and User Variability.

- Depending on the user, 2 model in Revit
may have been done in an incorrect way which will
inevitably make the automated code check fail. (ex.
using generic models for elements, using 2D to
represent a 3D element.)

Figure 27. Dynamo — Notes: Details.

This guide will basically make sure that any user will be
able to use the automated code compliance checker so that

concerns that were found will be less of a problem.

V. Conclusions and
Recommendations

The testing of the automated code compliance checker had
desirable results which makes the development attempt
successful. Result percentage variations between the two
forms of code checks did not exceed six percent.
Furthermore, the automated code check took only around
five minutes per project or around 15 minutes including the
quick manual check. Compared to the manual code check
that took around an hour, the automated code check is
considerably faster. There were some concerns that still
need to be addressed but many of those concerns can be
solved or have workarounds. The automated code
compliance checker is already usable at its current state and
it can still be expanded and improved on in the future.

The actual creation of the automated code check script takes
up a lot of time and determining which nodes to use is more
complicated than it seems. A mastery of Revit is necessary
for someone to be able to properly use Dynamo for Revit
especially for complicated rulesets like building codes. The
solution for the study was to create a guide on how to use
or edit the script especially if it has to be used for other or
special projects. Since the script was already created, most
changes would be on the values like setbacks, the
percentages, or different clearances which have actual
numbers within the script that are editable. This makes the
automated code checker quite flexible and it can
accommodate special codes or specific local laws that a
particular project may have. The flexibility and accessibility
of the developed automated code checker is very important
since this is what the other available automated code
checker lacked. The created guide is necessary for other
users to be able to freely edit the script according to the
needs of their project since script writing is not easy to do
or study.

For future studies, solving some issues like the floor to
ceiling compliance that considers the axis instead of just the
minimum ceiling and the highest flooring can be done to be
able to make sure that a room is compliant with regards to
the ceiling or not. Other technical issues can be smoothed
out to be more seamless and convenient. A research on the
proper modeling practices in coordination with the
automated code compliance checker can also be done for a
future study so that models will no longer require fixing.

Furthermore, future studies can look into expanding the
covered codes like adding minimum door widths, number
of exits, distances to exits and more. This study can also be
used as a template to create an accessible automated code
compliance checker for other types of projects like
commercial projects, offices, industrial projects and more. It
can even be possible to include elements of the other fields
like the structural and mechanical elements. Moreover,
adding in the other codes like the fire code or the socialized
housing code is also an option. Basically, there are plenty of
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possibilities that can be done to expand on this study, but
this could be the basis or foundation for those other studies.

Visual programming itself is very useful and it is highly
recommended for BIM users to also learn how to use visual
programming tools. It can make plenty of tedious work
much easier to do and the possibility of automizing many
processes can make work very efficient.

Considering how important compliance is, another
possibility is to pitch the automation to the government to
gain access to funds that will enable the development of
every permutation.
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