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The report addressegchnicalrecommendationgor the implementation of Building Information
Modeling tools for masonrwalls These recommendations are based on the research developed in the
Digital Building Laboratory at Georgia Tech during the first semester of Ruth. of the requirements

for the masonry wall project are taken from the BNMIBenchmark project, whicimvolveddiscussions

with experts from the architecture practice, construction and software industries to understand the
information requirements of different stakeholders during conventiatesign and construction
workflows. This study led to the identificatiaf problemsand limitations in current BIM systems
regarding the representation of masonmalls, in two main aspects.

The first aspect is the lack of a schema to address the description of masonry specific, émtities
particular of features and parts &t define the shape, structure antle variousperformance
requirements associated tmasonry wall assemblie$his schema rsecessaryo supportthe
development of avide range of masonry specific applications not currently availabllegindustry.
Thesecond problematic aspect is the lack of proper geometric representation to support the design
process of masonry assemblies. More specifically, current BIM systems do not provide the appropriate
support to manage the level of geometric information neededilifferent design stagdsy different
design stakeholdersThis aspect includes the lack of geometric operators to create and modify
geometric entities according to masonry specific semantics. Fronagtigbservation is clear that both
aspects are dectly related.

To address these issues the resedadused first on theheoretical development ok
conceptual modebr schemao support the representation ahasonry wallsThe proposed schema
described herés based on the concept ahasonryregions as an abstract representation of masonry
wall features that are relevant for different stakeholdeffie research then proposedunctional
classificatiorof different region types as foundatiarpon which masonry specifapplicationscan be
elaboratedin the future.These include but are not limited to parametric modeling and-allecking
applications for early desigralidation structural and energy analysis, cost estimation and construction
planning. It will also provide the basis for the definiti@mf model views necessary for particular data
gueries and exchanges between designgineeringand constructiorapplications The document is
organized intadhe followingsections 1) Background, 2) Theoretical Approach, 3) Recommendations and
4) Summary

We anticipate that this document will be reviewed by our software stakeholders from the BIM

community (Autodesk, Bentley, SketchUp, Tekla and Vectorworks) as well as by members of our
YIA2yNE a2FGgl NBE O2YYdzy A& 6/ ! 5 munjytocammemidnfh8 a YSyY Q&
approach provided here, and on tigeneric and IF€chemadescribed hereinvhich will continue to

develop in Phase Il of the projedtie are continuing to work on an XML version of this schema, which

we will provide as an updat®tthis document at the end of August, 2015.

Though we welcome the document review by our BiMstakeholder community, we do not expect
them to find this document accessible, as it provides a theoretical andfdatesed view on the
modelingof masonry wds ¢ tailored to the BIM software community that will ultimately implement the
BIM-M vision.
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In January 2013, the Digital Building Laboratory (DBL) at the Georgia Institute of Technology completed
a roadmap to bring Building Information Modatj (BIM) to the NorttAmerican masonry industry

(Gentry 2013). This overall project involves industry trade associations and stakeholders from
throughout the masonry industry, including BIM software vendors and other domain experts from the
AEC industry.he road map outlines three phases of research and development. The Development
Phase (Phase II) focuses on further elucidating the workflows and software requirements for BIM for
masonry(BIMM), and the completion of three seminal projects that will urgiarthe BIMM software
specification. These projects include the Masonry Unit Model Definition project (MUMD), th%IBIM
Benchmark and the Masonry Wall Definition project (MWD).

The MUMD project focuses on the development and prototyping of a standardatettase schema for
masonry units and components. The goal is to capture all of the geometric andemmetric
information needed during the development of masonry buildings, from selection, specification and
procurement of masonry units, down to the @es of construction planning and execution, operations
and maintenance. The intent is that the proposed data model will act as a basis for a series of BIM
integrated services, including digital product catalogs, specializadreanerce services, cesstimaing
among others (Witthuhn et al. 2014; Sharif et al. 2015).

The BIMM Benchmark project seeks to document how Bikked processes can improve efficiency and
competitiveness of all stakeholders involved in masonry buildings: from architects, to engineers
manufacturing companies, contractors and masons. For that purpose it is necessary to gain a deep
understanding on the most common workflows and best practices developed by leading teams in the
masonry industry. This understanding covers the entire ldflecgf masonry buildings, from material
discovery and selection during early design exploration, structural and environmental analysis, cost
estimation, detailing and specification, procurement and delivery, construction planning and
coordination, erectiorand maintenance. The general goal of this project is to formulate specific
recommendations on how BIM applications can enhance masonry workflows, bringing value for the
industry as a whole (Florez et al. 2014; Gentry et al. 2014). At a more concretéigveeans the
identification of information requirements for key design activities that provide the basis for the
specification of masonrgpecificBIM applications (Lee et al. 2015).

The third project, the Masonry Wall Definition project (MWHddressedn this reportfocuses on the
specification oh procesdriven representation for masonry wall assemblies. Such a representation
needs to be flexible enough to accommodate the evolution of information requirements from different
stakeholders, as the statof the project progresses from early desagesdown to construction and
operation. As mentioned previously, the information associated to masonry units and other masonry
components is being addressed by the MUMD project, while the specificatioakaftgilder's views

along with their domainspecific information requirements has been addressed by the8IM
Benchmark project. Thus the current MWD capitalizes from these previous projects, in an attempt to
provide a comprehensive set of guidelines anddfications for the future implementation of BIM
applications for masonry.
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This section addresses the theoretical aspects behind the proposed conceptual schema and functionality
for BIMM masonry wall applications.

2.1 TopDownversusBottomUpModelingApproach

The top dowmmodelingapproach is the method by which most architects and BIMiegers use to
create a building modaluring designAs the model is created, large sections of walls are defined as
blank planes and followen acivities include the definition ofarious features and part;cludingthe
creation of openings, the addition of movement joints, structural reinforcement, etc. This top down
approach is quite different than the way in whiahmasonnbuilding is construed, where walls are
made from individual masonry units which are cut, combined with accessories, and then mortared into
the wall. Therefore, there exists a theoretical disconnect between the way in whiaghdsenrywall is
modeledin BIM applications, ahthe way in which the wall ghysicallyconstructed For this reason
there is a need foa modelingschema that supports both the abstract notion of tdpwnmodeling as
well as the notion omasonrywallsas assembliesf smalkr modular componentsWhile the geometry
of these smaller components mapt necessarilype representedn an explicit waythe model still
should be able tprovidethe necessarjevels ofinformationto facilitate therealizationof the design
intent. In practical terms this means that a masonry BIM model shoulglleeyable in relation to
different aspects of design and construction

2.2  Masonry Model Queries

The functionality of masonrgpecific BIM applications should be assessed in terms of providejieé
support for a range of masonnglated queries and transactions. These may span from simple extraction
of geometric properties down to information pertaining to more complex relationships that may exist at
the geometric, spatial, temporal or funotial level. In the most basic scenario, the information needed

is already present in the model, normally in the form of a property value that has been explicitly
asserted by th@lesigne, and therefore can be directly extracted franmodel objects.

In morecomplexscenariohowever, the answer to the query needs to be computed by deriving
new information from preexistent datafrom different sources and possibly with different formats. It is
in these situations where a well formulated data model can becosaful, byproviding support fothe
automationof variousdesigntasks. For example, rutthecking procedures can be developed to parse
entire modes and verify if the current state of the design is compliant with certain requirements, such
as building cods, construction standards best practiceguidelines (Eastman et al. 2008)ch
techniques have been used to compute whether egress paths in buildings meeddieerequirements
(Lee 2011) or safety measures have bspacified forconstruction ativities (Zhang et al. 2013)his
type of verification relies in the implementation of querying routines, where the answer for questions of
the type "pass"” or "fail" is usually implicit in the model and has to be computed on demand.

In the case of masonryhe derivation of new informatioonsists not only in the creation of
additional levels of geometric detallut more importantly, in the formation of new levels of
abstraction.For example, to evaluate the performance of a masonry component from a giveihgbo
view it is not enough to have detailed information about its geometric and material properties. Its
performance regarding any engineering perspective can only be evaluated in the context of the larger
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system, and under specific scenarios of uses because many relationships that are relevant at the
systemlevel are often more abstract than the ones defined at the geometric level, and therefore can
only be described with a different set of representations (e.g. tdependent aspects of the sysh).

For that purpose there must be an underlying conceptual model where more abstract aspects
relationshipsof masonry wdt are describedn aformal, machinereadable format

2.3 Masonry Regions

One of the main challenges regarding the implementation of 8\ for masonry is precisely the
abstract nature of many relationships that need to be represented in a masonry assembly model. One
example that is relevant in the domain of masonry construction is cost estimation, given certain design
parameters of a msonry wall. A simple approach would be to calculate the number masonry courses
and the number of masonry units per course. For standard running bond with no reinforcement, the
productivity would be assessed by the number of bricks or CMU blocks that meanrtypically lay per
hour.

However, this approach does not account for situations in which boundary conditions or
geometric features of the design deviate from conventional configurations. Additionally, assessments on
mason's productivity in relation tdesign alternatives are rarely formulated in a staaldne basis.

Generally, they are developed in the context dadaer decisiormaking activity involving some form of
trade-off analysis with other kinds of requirements. In this particular case, thetoaction team may
want to know alternative sequences of erection of a masonry wall, in order to assess ntatmly
productivity, but also which parts of the structure should be completed first, so as to plan ahead the
coordination of scaffolding andd¢ation for temporary material storagamong other constraintéKim et
al. 2014).

This type of interrelated queries can be, partially at least, supported by a BIM application if the
right type of semantics is captured in the model, Following the exarttieproductivity is not only a
function of the number of courses or masonry units installed per hour, but it is also a function of any
internal feature the wall may hawesuch as openings, reinforcement or decorative patterns. An
additional level of comgixity arises when dealing with integration of different building systems. In this
situation, productivity and cost are very much dependent on the degree -@itercoordination required
among different trades involved. Given the increasing trend on prefation with deeper levels of
systems integration, new strategies for masonry construction will be necessary. In particular, the
computational challenge involved is not so much about the automatic generation of gaordetail
which in many cases may no¢ necessary, but the definition of the semantisdifferent masonry
featuresthat are relevant inthe constructionprocess

In this research, we associate different wall features to different methods of abstractly
decomposing masonry wall models. Taedbstract decompositions, called 'regions’, denote domain
specific perspectives on the geometry of masonry walls, and are tied to one or more design
requirements for which queries may be formulated. The concept of region is influenced by work on the
ontology spatial boundaries (Smith and Varzi 2000) and on the ontology geographic objects (Smith and
Mark 2003). In a pragmatic sense, the 'region' can be thought af agbétrary subdivision of a masonry
wall into chunks with a special meaning for partictakeholders. Implicitly, each chunk corresponds
to an aggregatiomf masonry units and other components with associated dorsgiecific semantics.
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For example, for a mason, the wall may be decomposedset® of consecutive masonry
courses (i.ecourseregiong, each withinformation regardingdirection of assembly and boundary
conditions that require special consideration. For a structural engineer the same masonry wall may be
decomposed into different loatiearing regions for reinforcement design. @raefined, reinforcement
regions may be used by mechanical engineers as volumetric references for the layout of piping and duct
work penetrations. These in turn define mechanical regions, to be used as reféogrmo®rdination
with other domains and traes.

In this regard, special consideration has to be made to the identification of region boundaries.
Examples of masonry features that constitatear regiorboundaries include: contr@nd expansion
joints, relief angles, masonry recesses and inlayglopenings that decompose a wall into different,
view-dependent geometric region#n these cases theegiors have a clear physicdelimitationthat
coincides with that of the feature being represented (i.&oma fideboundary). In other cases however,
the boundaresof the masonry feature is not satfvident, requiring in turrthe arbitrary definition of its
geometry(i.e. fiat boundaries). For example, a region representingaaonry feature such ascarner
between two masonry walls may lokelimited in different ways, depending on the perspective and
requirements associated to the corngee Figure 24age 34. Other arbitrary region delimitations may
be defined for different aspects of the wall lifecycle, such as sequence of erectadiojdiog and
shoring requirements, productivity evaluation, condition assessment, etc. Because of this arbitrary
delimitation, the definition of region boundaries iiyat needs to bea matter of agreement between
stakeholdersand domain experts. This patilar aspect is discussed in more detadéction3.3.2.3

It is important to notice that masonry is fundamentattirdimensional and therefore regions
and region boundaries may be described not only alomfasa of walls, but also through the depth of
walls (or other masonry structures). Such is the case for wwyliie walls, cavity wall, or wall veneers
with different backup systems. The principle of wall decomposition in depth allows the description of
masonry layers under the same conceptual framework gilane regions. In this way it is possible to
abstract away masonry layers from its constituting physical components such as flashing, ties, moisture
barriers, insulation and the like. Such componeras be either implicitly associated to its layegion
or explicitly propagated, thus supporting the generation of additional levels of detail on demand.

Figure 1 illustrates the concept of region, and how regions may be recursively decomposed into
smalle subregions. By default, a wall region is defined as maximal, representing the whole wall. On the
other extreme, a region may be minimal, that is, the smallest possible subdivision of the wall, which
corresponds for practical purposes to the space oaxipiy half a brick or CMU block. In between both
extremes, regions may be described at an intermediate level, as depicted in Figure 1. Regions can be
implemented parametrically, and the specification of their parametric behavior may be specified by a
constaint language such as the Building Object Behavior language (Lee et al. 2005; Cavieres et al. 2011).
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Figure 1 Region topdown decomposition according tfee insertion ofa window opening.

2.4 Regions and Levels of Development

In adesign workflow certain activities can only happen if the right type of information is avafitataé
stakeholders involvedrThis is especially important in a BIM enabled workflow, where queries and data
exchanges require valiwbntent fromsourcemodels. In the context of relational databases, the

outcome of predefined queries is called views (Elmasri 2006). A similar idea applies in the context of IFC,
where standardized subsets of the source model (i.e. a model view defintidv¥/D are presdbed in

order to supportcommondata queries and exchanges between applications (Hietanen 2006; Venugopal
et al. 2012).

Additionally, n order to ensure that the required levels of information for different design
activities are present in the source modtde American Institute of Architects (AlA) has proposed the
concept of Levels of Development (LOBIA2013). The LOD concept has been adopted and extended
by the BIM Forum, a consortium of organizations and companies representing the AEC jwitistay
strong focus on developing and promoting best practices for virtual design and construction (VDC).

A LOD is specified according to a convention, ranging from LOD 100 to LOD 500. At LOD 100 the
model is at a conceptual stage with few, coarse buildiegnents. At LOD 500 the BIM model is fully
detailed, with a geometric description of all construction elements needed for field verification of as
built information.

In practice, architect develops a level 100 model as part of conceptual design stéige. As
design progresses into design development and construction documentation, the model is enriched with
additional information and detail, typically up to LOD 300. On the other hand, general contractors and
some sukcontractors are increasingly demandiBgM models with higher levels of development,
normally at LOD 400.

In order to reduce the gap between the levels of information provided by the design model (LOD
200-300) and the construction model (LOD 400), the BIM Forum has proposed the addition 300D
This new level was considered necessary for a BIM model to support more effectively interdisciplinary
collaboration and trade coordination (Reinhardt and Bedrick 2013).

More recently, the BIMM initiative has adopted the concept of LOD as refereioc¢he
specification of information requirements that need to be supported by masonry specific BIM
applications. The use of LOD for masonry is described schematically here, as adaptation from the recent
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report by the TMS BIM Committee (TMS 2014). Thisrg®#on is not intended to be definitive or
complete, but should give the reader the basic idea of the LOD in BIM for masonry:

1 LOD 100Mid-plane wall surfaces and floor plates are modeled. No masonry 2D pattern. No wall
openings.

1 LOD 200Walls defined irough the thickness by layers. Walls checked for modularity with masonry
rules.

1 LOD 300Wall thickness shown. Masonry 2D pattern mapped to walls. Layers can be further
specified for structural masonry layer, insulation layers, and veneer layers.

1 LOD350:Vertical reinforcement and bond beams shown. Control and expansion joints are shown.
Internal mechanical and electrical systems along with penetrations are shown at schematic level.
Individual masonry units and other accessories are shown only whetlyshecessary.

1 LOD 400Individual standard masonry units modeled. Location for masonry reinforcement
represented.

9 LOD 500Condition of mortar modeled. Exact location of anchors and wall ties modeled. Geometric
attributes of custom masonry objects perd in model.

LoD 300 ) LoD 350

Figure 2 Evolution of LODs in MasonnSource: TMS BIMM COMMITTEE REPORT, January 2014.

The concept of masonry regions was developgthis researcho facilitate the transitioning
between levels of developmenk special focus has been on supporting LOD 350, per industry
consensus that this level provides the information necessary for interdisciplinary collaboration and trade
coordination without the need fointensivegeometric detailing.

In this regard, lte concept of region is intended to enable the selective addition of geometric
information wherever needed. For instance, more detail could be added, either manually or
algorithmically only to specific regions (seégbre3in page 9. Such an approachould be useful for
the generation of virtual mockips and other high resolution models for performarssel
constructabilityanalysis without significant compromise in computational performankceaner BIM
models are also important to facilitate changanagementand to supporidesigh exploration and
collaborationin masonryworkflows.
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In Report 1 of this projecsubmittedon 15 March 2015 series of three main activities were identified
as future steps for this researctvhich are king delivered hereThose were:

3.1

1 The identification of relevant masonry wall region decompositiogsdedto satisfy current

workflow requirements. This effort corresponds to tbeliverablel of the project(Specification
of a TopDownModelingApproach andit isinitially addressed irgeneral terms irthe section
3.1discussedelow. Sections 3.2 and 3.3 complement section 3.1 by providing more specific
details about the semantics of decomposed parts and software functionality.

The formalization of theoncept of region under properschema, in similavayto the one
proposed by the Masonry Unit Database (MUD) profsee MUD final report dated 17 June
2015).Later on it became clear th#te MUDschemashould be extended in order to provide a
comprehasive conceptual data model for masonry walleisconceptual model includeall the
major physical and abstract entities that comprise a masonry wall assembly, including masonry
wall features, masonry wall components (eldasonryunits and accessorieahd masonry wall
regions This effot led to the development of a conceptual model for masonry walls based on
the semantics of IFC, which is described in se@i8rConceptual Model for Masonry Walls.
The specification of general software functionafity BIM-M applications, including
preliminaryformulation of geometric operators and paratnic behavia for the creation and
modification ofmasonry wall regionsAdditionally, riles forsemiautomaticand /or automatic
generationof additional levels of geometric information according toppecified LODs need to
be formulatedin the future The description of theseffortsare part ofthe deliverable 3.
Software Specification, whidh addressed in the sectiaghA (i Gefidral Siware Functional
Specificatios.

TopdownModeling

The research proposes that formally defined region decompositions, particularly intermediate region
decompositions, may provide the appropriate levels of abstraction for representing the semantics of
masonry within acceptable levels of computational cost. Since a region is alejg@ndent abstraction
associated to specific design requirements, a masonry wall model may have many simultaneous and
possibly overlapping regions. This is the case when a masail may be subdivided into lodmkaring
regions for structural analysis, regions for thermal analysis and regions for planning sequences of
erection, to name a few.

Therefore, for a BIM model to provide support for masonry specific queries, it must ha

knowledge not only of the type of design features a masonry wall may have, but also of the type of
view-dependent regions a masonry wall may be decomposed into, as result of the addition of such
features. It is the chained association between wall feagyand between regions and domaipecific
requirements that provide the semantics needed for the implementation of masonry models that can be
gueried effectively without the cost of too much geometric detail.

Since an intermediate region is a decomposition of a masonry wall into smaller chunks without

reaching the level of resolution of individual masonry units, it can also be seen as an implicit, domain
specifictype ofaggregation of masonry units and compait® FigureS illustrated this idea. The overall
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wallon the left is represented abstractly asraximal region, which was decomposed into sagions
based on the insertion of thepening for the window and the corner condition with the next wahe
process of decomposition follows the tajpwn modeling approach introduced in section 2vithere
designerdypically starts with aimplemodelof the wall geometry, with some intent regardittge
masonry material to be used

Theplacement and dimensions of openings and other masonry featumego conform to the
underlying modular grid of the maximal regiohhe spacing of the grid axésa function of thenominal
dimensions of the maimasonry unitof the wall, thus supportinghodular coordination all systems
depending on the wall.

Figure3 Sequence of insertion of a masonry opening feature -dopn decomposition of regions also
recognizes corner condition as a masonry feature. Additional LOD gheslelectively added to
specified regions.

As mentioned before, special performance or constructability requirements may need the
addition of extra geometric information just on some portions of the wall. Such is the case around the
opening and at the coer of the wall. These sutegions may be described at LOD 400, which include
the description of individual masonry units and other components such as ties anchors, flashing and
insulation,etc. The rest of the subegions of the wall may be kept at LOD 200

It is important to notice thathe semantics of the decomposed masonry regions does not imply
that the wall hasbeenphysicallysubdividednto discreetparts, but onlyabstractly subdivided into
virtual boundaries similarly to how countries are subdidd into various regions based on recognizable
geographic features. The exact shape and location of country boundaries are, to a large extend, arbitrary
and subject to consensul the same token, the exact boundaries of a masonry feature (e.g. a corner)
are not selfevident and therefore have to be agreed upon. For this reason a decomposed masonry wall
needs to be considered as a single wall unit, with many possible and overlapping region decompositions.

In the following subsection some possible vidependent are discussed.

3.2 View Dependent Region Decompositions

Special fagcade detailing, custom and cut units, structural load distributions, MEP clashes, scaffolding
assembly sequences, cost estimation and condition assessment are some examples of pessble vi
derived from the model as result of a query. In what follows five query scenarios are discussed, for
which specialized regions need to be generated from the BIM model. Notice that these scenarios
represent only a small number of possibilities identiflgy the BIMM initiative. However, they are
considered to be representative enough as to exemplify the theoretical approach adopted. #igure
provides an overview of the viedependent region decompositions considered.
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Figure 4 View dependent regions.

3.2.1 Regions for facade designd brickwork

In the facade design scenario, the primary system of interest is the "skin" of the building; the internal
masonry construction is subsidiary to the appearance and performance of the skin. During early stages,
the geometriconodelof the facade is lightweidhand probably represented using 2D surfaces or simple
solids. In case of masonry being selected as the main material, the use of a "wall paper" representation
may be enough to capture the intended patterning and texture of masonry at an LOD 100.

In caseof complex brickworkthe maximal region corresponding to an entire wall may be
decomposed into intermediate regions denoting differémickworkpatterns,as wellas inlays, recesses
and corbels. Each region may have an individual bonding pattern fiatcl or "wall paper") object
attached to it for rendering purposes, plus specific information on the properties of the unit types,
bonding pattern, mortar and accessories used.
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Figure 5 Brickwork patterning. Each supattern nay be depicted as brickwork region with specific information
associated (e.g. color, texture, and manufacturer). Images by Jonathan Riley, available under Creative Commons
license.

At later stages however, more detail is needed, especially regarding modular coordination of
bonding patterns and coursing with individual features of the facade. In this case, overall dimensions
need to be coordinated with such features, for example tmagions like corners, openings, decorative
elements or structural conditions (e.g. pilasters and expansion joints).

The primary use of this model is to support early decisions on the shape and overall appearance
of the building skin, and the relationshigtween specific masonry unit types with different
compositional patterngsee Figure 5A5ome initial concern about procurement, performance and
constructability, maintenance and overall cost may arise as well. The output model describes regions of
pattern differentiation that may be used for general and mason contractors for assembly planning and
coordination.

[ |
Rl =
I ]

Figure 6 Figure 6 A schematic5A Schematic decomposition of an arbitrary masonry facade patterningathat is
architectural point of view.

3.2.2 Regiondor structural design
The structural model represents the load bearing masonry as a set of planar elements for subsequent

input into different structural analysis programs, such as Bentley Ram Elements, which has been
enhanced to work with structural masonry. Joints in the wall are properly modeled so that the
conditions for lateral stiffness of the building are represented correctly. Openings in the load bearing
walls are modeled. Noload bearing walls are modeled #tat their selfweight can be gported to
structural analysis.
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The generation of this information can be facilitated by the identification of-loealing regions
within the design model that correspond to the set of planar elements and plane boundariests
and openings. The output model describes regions of the wall where grouted cells, bond beams and
other forms or reinforcement need to be considered by other stakeholder in the team.
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Figure 7 A schematiclecomposition adé wall from a structural point of view.

3.2.3 Regions for mechanical systems
The structural clash detection model needs to represent only those masonry elements that contain

reinforcement and grouted cells. In current clash detection applications, false clashientified
between pipes and dueawork with unreinforced portions of walls. Such clashes are not relevant from
the structural performancef masonry wallsFurthermore, it is part of mason's skill set to solve these
clashes on site, by cutting CMU tis and bricks as needed to resolve penetrations.
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Figure 8 Example of prefabrication of piping systems deeply integrated with a CMU wall. Clash detection used for
identification of safe regions for penetration sleeves. Imagagesy of Scott Conwell and the International
Masong Institute http://www.imiweb.orl

However, masons require guidance when mechanical systems pass through bond beams or
vertical grouted cells. Moreover, givingetincreasing use of prefabricated piping and dwork, it is
recognized that better coordination among trades will be necessary (Conwell 2015). For this reason,
geometric intersections between masonry walls with other systems can be represented byebkbcaliz
regions of the wall, conveying the necessary information to all thecsuitractors involved. Figur@
illustrates an example of a prefabricated pipe assembly integrated inside CMU masonry walls. It also
shows drawing conveying regions for penetratiteeses derived from the BIM modéligure hows
the schematic regions of masonry walls where potential clashes have been highlighted.
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Figure 9 Schematic regions for clashing with mechanical systems.

3.2.4 Regions for quantitiake-offs

In quantity takeoff, regions of the masonry walls are tagged when similar components and construction
processes are anticipated. In this way associated quantities can be aggregated for cost estimating
calculations. Special conditions that require higlesels of reinforcement, large number of cuts, special
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units, or unusual geometry are considered separately as wall production rates in these regions are likely
to be lower. The output model of this task consists of regions to be used next for cost estiraatl
construction planning activities.

Figure 10 Schematic regions faquantity takeoff bagd onmasonrycourses

3.2.5 Regions for cost estimation and construction planning
The cost estimation and construction planning scenajiects the idea of time into the BH{ model.

The queries envisioned are of the sort that might be expected in thepnstruction stage as well as
during construction to solve emerging issues.

Such queries may be intended to identify the temporary lamabf material at the construction
site (i.e. staging), what components have already been installed, what are the next sequences of
construction activity, or other questions related to productivity. The level of information in this model
may vary dependig on the complexity of the assembly. Thus, regions with conventional configuration
may be defined starting at LOD 300, while more complex regions may need to be generated as virtual
mockups at LOD 500. All these region models will have to be continuopdbted during the
construction process to reflect dmiilt information. This means that the wall region schema will be
required to be subdivided into sufegions that represent units of production (e.g. the geometric
regions depicting the production of ermasonry crew for one week). In addition, the Bimodel will
need to refer to additionabbjectsthat are not intrinsic to the masonry wall, such as material staging,
shoring and scaffolding.

I N I ‘

Figure 11 A schematiwiew of posible regionsrepresentingcoverage area foscaffolding

BIM-M Phase Il Project: Masonry Wall Definition  RePort31 August 15 Padgd



3.3 ConceptuabDataModelfor MasonryWalls

The implementation of masonry specific BIM applications entails first and foremost the definition of
conceptualdatamodels (i.e. schemas) that all@astandardrepresentation oimasonryentitiesand
relationshipsn a machingeadable fornat. This issue has beémtially addressedy the BIMM

initiative with the development othe MUD project, which focusgatimarilyon a database schema for
masonry uris. The next stepn MUD is to includevithin the same frameworkhe definitionof masonry
components and accessories that anest commonly used imasonrywalls

However the representation of masonry walls requires more than the definition of individua
components andccessoriethat can bepurchased off the shelf. In fact masonvgllsare
characterized by a series of intermediassembly featurethat result from particular arrangements of
masonry units, components and accessories. Features such as wyghesys, corbelsrecesses,
corners andond beamsre some examples of features that are intrinsic to masonry walls for which
currently thee is no schema definitiorDuringthe development of the Masonry Wadlefinition(MWD)
this issue was recognized as a priority for the subsequent specificat®iVia¥l software applications.

Theefore thisreport proposesan integratedconceptualizatiorfor all masonryentitiesunder a
common scheméramework In order ensuresemanticcompatibility and extensibility with current BIM
applications the proposed schema has been developed using IFC as main reference. The primary
purposes however is not to ebke interoperability of masonry objects for which a standard schema
does not yet existOn the contrary, the intent is to start building such a standard schema using-a well
established conceptual modaka foundation We hope this decision will facilitatBscussion and
collaboration with various actors in the AEC industry, including software vendor

Sincethe semantics ofmasonry entities are being defineding IF@s referenceabrief overview of
mainIFCclassess presented firs{IFC 2x3) Thecoreinheritance structure of IFCiistroduced in order
to describe the properties and relationships tlaae reusedor the definition ofmasonry wall enties
Each ofheseiselaborated in detail afterwards, providing a foundation for the specificatioBINVEM
applcations described in section 4.

Note: Themodelinglanguage used in this repait describe the relatiotetween IFGnd the
proposed masonryall schema is aUML dialect called SysML. This language has been used previously
in the BIMM Benchmark project for diagrammatic purposes. In this projectdeeided touse this
language because of a series of documentation and traceability rescavaéable andfor the quick
generationof XMLschemas for prototping. SomeriginalEXPRESSdiagramsare reproduced from
buildingSMART official website.

3.3.1 IFCDefinitions
The Industry Foundation Classes (IFC) is a standdéndschemadatamodel) developednd maintained

by buildingSMART Internationabhich registered it as an official 1StandardlISO16739The IFC
schema is the basis for a set of neutral, open file formats to support data interoperability among
Building Information Modeling applications.

The IFGchemais essentiallyan entity-relationship (ER) model defined using the EXPRES#¢amng
It is organized according to an objdwsed inheritance structureasedon a serie®f abstract low level
constructs The constructfcRootdefines the most generantity, fromwhich most of IFC entities
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inherited from. These entities are called rooted entities. Among the most important inherited properties

of a rooted entity is thé&lobally Uniquédentifier (GUID) aname atextual description and revision

control attribute. Non-rooted entities in turn do not have identifiers associated with them and can only
exist at the instance level lwirect or indirect reference to a rooted instance.

The IfcRoot has three main subtypes:

1 IfcObjectDefinitiondescribes tangible object ocoences and types.
1 IfcRelationshipdescribes relationships among objects.
9 IfcPropertyDefinition describes dynamically extensible properties about object.

3.3.1.1IfcObjectDefintion

IfcObjectDefinitioristhed ISy SN t AT GA2y 27
2 NJ |y Foett@xtpdrpbd@hje&Refmition islivided into two main categories

i & LIS

by e

A8YIl éing @I f ¢

IfcObject whichprovides core definitions fabject occurrences such as products, processes and
resources, andfcTypeObjectvhich allows extensibility dfcObjects core semantic®bjects defined
under IfcObject can belong to one of the following categories.

ffcRoot

Giobald

s OnwerHistory
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Figure 12 Basic IFC definitions, using SysML block diagrams.
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IfcActor: for the representation of stakeholders, either individuals or organization.

IfcControt for the representation of rules for the control of time, cost, scope and work orders.
IfcGroup for the representation otollections of objects with a special purpose.

IfcProduct for the representation of building entities such as site, space, wall, etc.
IfcProcessfor the representation of timelependent concepts such as tasks, events, sequerate.
IfcResourcefor the representation of entities subject to usage and limited avditgbsuch labor
and equipment

3.3.1.2IfcRelationship
IfcRelationshifs the most general class of objectified relationshipsveen objectsn IFC. It defines

five fundamental relationship typebat can be further specialized

=A =4 =4 4 -8

IfcRelDecomposedA part-of relationship, such as windows being part of walls.

IfcRelAssignsA assignment relationshipdicatingallocation of resources.

IfcRéConnects A connectivity relationship betweesbjects, such as between a beam and a wall.
IfcRelAssociatesAn associatiorof objectsto external references, such psoductlibraries.
IfcRelDefines A general typealefinition relationship, where object instances cantpped
dynamically to particular types

3.3.1.3IfcPropertyDefinition
IfcPropertyDefinitiorprovides the generalization of all characteristics that may be assigned to objects.

Through this mechanism common object information about objects can be shared among all their
subtypes and instances. IfcPropertyfibé@ion also provides the means for dynamically attaching new
sets of properties to object occurrences.

3.3.1.4lfcProduct
IfcProductis the general class for any object that can be described geometrically. Subclasses of

IfcProduct usually have a shape representation and ancblpjeacement associated within them.
IfcProduct includeall objects that are manufactured, supplied or credten-site asdirect or indirect
result of the construction proces3hese objects are referred as elements and subtyped under
IfcElementwhenever they have geometricnature. The definition of IfcProduct also allows the
description ofnon-physicalbbjectssuch as space objects, which are createtirectlyby theboundaries
of physicaklements Spatial objects are subtyped undécSpatialElementFinally, an IfcProduct can be
designated for permanent or temporary use, such as scaffolding and formhavring a pesible
relationship with instances dfcProcesby means offcRelAssignsToProcessd IfcResourcdy means
of IfcRelAssignsToResource

3.3.1.5IfcElement
IfcElemenigeneralizes all compomés that make up a building, including physical objects as well as void

elements such as holes. Elements can be permanent or temporary such as framework and scaffolds.
Typically, elements are prefabricated and assemblegitor completely built ossite. The aggregation

of different elements into assemblies is mediated through the use the objectified relationship
IfcRelAggregateshich specifies a neordered aggregation relationships opposed tofcRelNests

=A =4 =4 4 =4
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Elements can have material properties and quantity informagssignd to themthrough
IfcRelAssociatedMateriand IfcRelDefinedByPropertieAn element can also be declared as an
occurrence of a specific object type by meanffdRelDefinesByTyp&his mechanism allows

predefined sets of domaispecific properties to be added to the element occurrence, thus allowing the
extensibility of the core semantics originally defined for the elemegurgil3illustrates this

mechanism.

Madel Oocurrence

Product Type
IfcRelDefines
i ByType

HasPropertySets
(INV) DefinesType
|

RelatingType
(INV) Types

:-\ \ e i
({INV) IsTypedBy

RelatedObjects
{INV) IsDeﬂnedBy

IfcRelDefines
ByProperties

i

RelatingPropertyDefinition
{INV) PropertyDefiniionCf

I

HasPropertySets
[INY) PartOfPset

HasPropertySets
(INV) PartOfPset

Mame MName

L

Figure 13 Assignment of a predefined product type to an object occurrence using IfcRelDefinedByType objectified
relationship.

Hementscan also be grouped together according to speg@éicspectives. For example,
elements thatparticipate inthe satisfaction of giveffunction may be grouped using an instance of
IfcGroupwith the inherited attributeObjectTypd &G 9t SYSY G DNR dzLJ). 8 Cdzy Ol A2y é @

Quantities related to an element can be defined udingementQuantityand attached to the
element using the objectified relationship IfcRelDefinesByProperties.

Finally, multiple different geometric representations can be associated to an IfcElement by
means of thdfcProductDefinitionShaperhe geometric representation of an element is dependent of its
location, specified bifcLocalPlacemeniThe list of core propertiedefined bylfcElement(as inverse
attributes)is provided in Figura&4.

«bbcks
IfcElement

FlisVoids : lfcElement [0..1]
ConnectedTo : ifcElement [0..7

k Interf eredBy Elements : fcElement [0..7]
Has Projections : fcBement [0..7]
ReferencedinStructures : FcBement[0.7]
Has Openings : fcEement [0..7

k5 ConnectionReslization : fcEement 0.7
Provides Boundaries : ifcElement 0.9
ConnectedFrom: If cElement [0..*]
ContsinedinStructure : fcBement [0..1]

Figure 14 Inverse atributes defined for IfcElement and its subclasses.

BIM-M Phase Il Project: Masonry Wall Definition  RePort31 August 15 Pad@


http://www.buildingsmart-tech.org/ifc/IFC4/final/html/schema/ifcproductextension/lexical/ifcrelassociatesmaterial.htm
http://www.buildingsmart-tech.org/ifc/IFC4/final/html/schema/ifckernel/lexical/ifcreldefinesbyproperties.htm
http://www.buildingsmart-tech.org/ifc/IFC4/final/html/schema/ifckernel/lexical/ifcreldefinesbytype.htm
http://www.buildingsmart-tech.org/ifc/IFC4/final/html/schema/ifckernel/lexical/ifcgroup.htm
http://www.buildingsmart-tech.org/ifc/IFC4/final/html/schema/ifcproductextension/lexical/ifcelementquantity.htm
http://www.buildingsmart-tech.org/ifc/IFC4/final/html/schema/ifcrepresentationresource/lexical/ifcproductdefinitionshape.htm
http://www.buildingsmart-tech.org/ifc/IFC4/final/html/schema/ifcgeometricconstraintresource/lexical/ifclocalplacement.htm

3.3.1.6IfcBuildingElement
IfcBuildingElementomprises all major elements of a llihg that perform a function and are result of

the construction process. These include foundations, columns, walls, roofs, doors and windows, etc.

Because of thepecialrelevance of this class for the formal definition of masonry walls, the set of core
relational prgoerties associated to IfcBuitdiElement ar@lescribedhere based on the original IFC
documentation.The potential applicability ofeachrelationshipin the context of masonry walls
exemplified with a list of possible use casesler the description of each IfcBuildingElementProperty

a) Grouping- being part of a logical group of objects
9 objectified relationshipifcRelAssign®Group
91 object referenced by relationshipfcGroup (and subtypes)
1 inverse attribute:HasAssignment

Masonry usecase:

- Masonrywalls can bgrouped according to different construction sequences.
- Masonry walls can be grouped according to complexity and cost.
- Masonry walls can be grouped by state of completion.
- Masonry walls can be grouped by different functions.
- Masonry wall can be grouped Bame condition assessment (FM view).
- Masonry units and components can be groupgthin individual masonry walls
FOO2NRAY3I (G2 RATTSNByEach graup darbkié gepréséhted Q LIS N& LJS
geometrically by a regiorThe ability to provide a geometniepresentation for various
forms of grouping that are important in the context of masonry construction is one of
the main motivations behind the formulation of the concept of masonry regions.

b) Work processesreference to work tasks, in which this buildielement is used
1 objectified relationshiplfcRelAssignsToProcess
9 object referenced by relationshipicProcesqand subtypes)
1 inverse attribute:HasAssignments

Masonry usecase:

- Masonry walls can be assigned to different construction processes.

- Groups of msonry units and coponents can be assigned to differegrection or
asseanbly sequencesThese groups can be represented geometricallgrastion or
assembly sequence regions.

c) Structural member reference information whether the building element is represented in a
structural analysis model by a structural member
1 objectified relationshiplicRelAssignsToProduct
1 object referenced by relationshipicStructuralMembe(and by
defaultlfcStructuralCurveMembeér
9 inverse attribute:HasAssignments
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Masonry usecase:

Masonry walls can beepresented bymasonry specific IFC structural members.
Masonrywall features withdifferent structuralbehaviorscan be represented by
different structural regions, each with different structural properties associated.

d) Aggregation- aggregated together with other elements to form an aggregate

T
T
T
T

objectified relationshiplficRelAggregates

object referenced by relationshipfcElemeni(and subtypes)
inverse attribute (for containerysDecomposedBy

inverse attribute (for contained partspecomposes

Masonty usecase:

Building floors are decomposed into masonry walls (among other things).

Masonry walls are decomposed into masonry edtures(e.g.wall layers)

Masonry wall features adecomposed into masonry components and ingredients
(explained later)Masonry features are represented geometrically by feature regions.
Each region representing a masonry feature may hadiéerent level of geometric

detail associated to ifThus, complex features that require constructability assessment
or trade coordiration maybe modeled withmore geometric detail than others. In any
case the aggregation relations should remain the same (e.g. part count). The same
applies to other relations discussed here.

e) Material - assignment of material used by this building element

1
T
T

objectified relationshiplicRelAssociatesMaterial
object referened by relationshiptfcMaterialSelec{and selected items)
inverse attribute:HasAssociations

Masonry usecase:

Assignment of mizrial to masonry is donat the component level and ingredient
levels. Bricks are assigned certain types of clay, CMU block to certain tyqmesdte;
rebars to certain types of steel, mortar and grout are assigned to certain types of
cement mixtures ad aggregates.

f) Classification assigned reference to an external classification

T
1

objectified relationshiplfcRelAssociatesClafszation

object referenced by relationshipfcClassificationNotationSele@nd selected items,
defaultifcClassificationReferenge

inverse attribute:HasAssociations
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Masonry usecase:

- Masonrywall systems, featuregomponentsand ingredientsan be assigned to
standard classifications systems (e.g. MUD)

g) Library- assigned reference to an external library item reference
91 objectified relationshiplicRelAssociatesClassification
1 object rderenced by relationshigicLibrarySeledand selected items,
defaultifcLibraryReferende
9 inverse attribute:HasAssociations

Masonry usecase:

- Masonrycomponentsand ingredientsan be assigned tmanufacturer or provider
specific libraries.

h) Documentation- assigned reference to an external documentation
1 objectified relationshipilfcRelAssociatesDocumentation
9 object referenced by relationshipicDocumentSelediand selected items,
defaultfcDocumentReferende
9 inverse attribute:HasAssociations

Masonry usecase:

- Masonry systems, features, components and ingredients can be assigned to different
a1 1SK2ft RESNBEQ R20dzYSyidlidAzyd C2NJ SEIF YLX S5 ¢
required and cost associated to each masonry system or feature may be part of the
general / masonry contractor knowleddpase.

i) Type-reference to the common product type information for the element occurrence
1 objectified relationshiplicRelDefinesByType
9 object referenced by relationshipicBuildingElementTyp@nd subtypes)
9 inverse attribute:lsTypedBy

Masonry usecase:

- Occurrences afhasonry walsystemscan be specifiedsingl TypeByelationship. For
example cavity wals, multi wythe wall, stack wall can be defined with their own
specific property sets and attached to generic masonry wall occurrences.

- Occurrences of major masommall parts, such as insulation and barrier layers as well as
different forms of masonry covering can tyged by this relationship.

- Occurrences afasonry regions can also be typed by predefined, view dependent
regions.

i) Properties- reference to all attached properties, including quantities
1 objectified relationshiplicRelDefinesByProperties
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91 object referenced by relationshipicPropertySetDefinitiofdefault fcProperty Set
9 inverse attribute:lsDefinedBy

Masonry usecase:

- Occurrences ahasonry walléaturesand regionsan befurther qualifiedusing
IsDefinedByelationship. For example, differenbnstructabilitymetricsto could be
added to features such inlays, recesses, quoins, corbels.

k) Connection- connectivity to other elements, including the definition of the joint
9 objectified relationshiplfcRelConnectsElements
1 object referenced by relationshipicElement
9 inverse attribute:ConnectedTo
1 inverse attribute:ConnectedFrom

Masonry usecase:

- This rdationshipallows the description adonnectvity of masonry wallsvith other
building systemsincluding other walls, which often requineore specificity (see
Realization below).

- This relationship also allows the description of connectivity between internal features
and parts of a masonry wall. For instanaden certain layers are connected.

[) Realization+ information, whether the building element is used to realize a connectan @s a
weld in a connection between two members)
1 objectified relationshiplicRelConnectsWithRealizingElements
91 object referenced by relationshipicElement
1 inverse attribute:lIsConnectionRealization

Masonry usecase:

- The realization relatiorisp applies tanternal masonry featuresealizing the
connection betweeriheir ¥ O 2 y (iwalls 3o $tNaRbuilding systems. For example,
masonry recessesiches oicorbelscan beused to receive steel joists. In this wayese
featuresrealizethe connection. Since these features share in commadoadbearing
functionality, they can also be grouped together using IfcRelAssignsToGroup
relationship explainegreviously

- The realization relationship applies masonry featuresealizing the conection
between theird O 2 y (i lallstp StteEwalls (masonry or otherwise) speciatycorner
conditions.In this way it is possible to identifyall cornersasunique,distinct features,
with their own set of properties associated to construction atrictural performance.
For instancea cornercan be resolved in many different ways, each implying a different
realization relation. Thus, two masonry walls can be connected by interlocked masonry
units, quoins,by an isolation joint, by steel studs concrete columns, etc.

- The realization relation also applies to masonry featuesdizing the connection
betweenother features and parts dhe same masonry walFor example, mortgpints
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realizing the bonding between masonry units. Since differentdygfeoonding
mechanisms can be used, the connection can be realized in different ways (e.g. in stack
walls masonry units are connected directly one against each other). A brick veneer can
be connected to a backup system in different ways as well, eacingriging a different
realization relation.
m) Spatial containment hierarchical assignment to the right level within the spatial structure

91 objectified relationshiplicRelContainedinSpatialStructure

1 object referenced by relationshipicSpatialStructureElement

9 inverse attribute:ContainedInStructure

Masonryuse-case:

- Since a masonry wall is propodeere as subtype of IfcWall, dan only be assigned
hierarchically to one spatial structure by means of IfcRelContainedInStructure
relationship.

n) Spatial references nonhierarchicateference to one or more elements within the spatial
structure (e.g. aurtain wall, being contained in the building, references several stories)
1 objectified relationshiplicRelRefereredInSpatial Structure
91 object referenced by relationshipicSpatialElement
9 inverse attribute:ReferencedInStructure

Masonry usecase:

- Since anasonry wall iproposedhereas subtype of IfcWall, ¢an be referenced non
hierarchically by many spatial structuresinglfcRelReferencedInStructure relationship.

0) Boundaiies- provision of space boundaries by this buildihgneent
91 objectified relationshiplicRelSpaceBoundary
1 object referenced by relationshipicSpace
1 inverse attribute:ProvidesBoundaries

Masonry usecase:
- Since a masonry wall is proposed here as subtype of Ifcizdin provide the
boundaries for instances of IfcSpace.

p) Coverings assignment of covering elements to this building element (note: normally covering
elements are assigned to the space, only used for special cases)
91 objectified relationshiplficRelCoversBldgElements
91 object referenced by relationshipicCovering
1 inverse attribute:HasCoverings

Masonry usecase:
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- Covering need to be assigned to spaces. Masonry walls can have material specifications
assigned to layer features.

g) Voids-information, whether the building element includes openings, recesses or other voids
1 objectified relationshiplfcRelVoidsElement
1 object referenced by
relationship:licFeatureElementSubtractiqdefault [fcOpeningElemeit
9 inverse attribute:HasOpenings

Masonry usecase:

- Since a masonry wall is proposed hersasantically equivalent to subtype of
IfcWall, it caralsohave voids fotrue openings, internal openings, nichesd recesses.

- Voids can also apply for masonry wall features and other parts.

r) Projectiors - information, whether the building element has projections (such as a fascia)
1 objectified relationshiplicRelProjectsElement
1 object referenced by
relationship:lfcFeatureElementAdditio(defaultIfcProjectionElement
9 inverse attribute:HasProjections

Masonry usecase:

- Since a masonry wallfsoposed here as semantically equivalent to a subtype
IfcWall, it can have projections associatedt. For example, for corbels, pilasteand
other protruded features.

s) Fillings - information whether the building element is used to fill openings
1 objectified relationshiplicRelFillsElement
1 object refererced by relationship:fcOpeningElement
1 inverse attribute:FillsVoids

Masonry usecase:

- Since a masonry wall is propodeere as semantically equivalent to a subtyge
IfcWall, it can have fillingssaociated to itvoids. Bond beams and grouted cells, ore
some examples.

- Fillings can also apply for masonry wall features and other parts.

3.3.1.7Ifcwall
IfcWallis the fundamental entity in IFC for the representation of all kinds of watidfcWall represents

a vertical or nearly verticallement that bounds or subdivides spaces. An IfcWall may or may not be
designed to carry structural loads. An IfcWall may have wall openings for windows and doors, as well as
niches and recesses. These are described bic@peningElemerdttached to the wall using the

objectified relationshigfcRelVoidsElemerfand the inverse property HasOpenings), which are inherited
from IfcElement explained above. Fig@#lustrates this relationship.
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Figure 15 Relation between a wall arah opening in IFC through the objectified relationship IfcRelVoidsElement.

IfcWall has two subclasses:

1 licwallStandardCastsed for all occurrences of walls with a constant thickness along the wall
path. The internal structure of these walls can always be described as a collection of layers, each
one with different material properties, thickness and function (§agMaterialLayerSét The
geometric representation of these walls is typically handled as swept solid along a main axis.

MisDiraction
Total Thickness = UM {LayarThicknesaalil)

Mlateriallayer]3] LayerThicknass|3|

Matenalavar|Z] LayerThicknass|Z]

Materalaver]1] LayerThicknags]1]

MizBase
Figure 16 Structure of Material Layer Set.
1 licwallElementedCastsed for occurrences of wathsat needto be represented explicitly as

assemblies of subordinate elemeniEhedecompositionof the assembly into parts gets
establishedby the use of théfcRelAggregate®lationship

All other occurrences of a watmain defined under the more general level IfcWall. These indlolse
with variable thickness along the path, polygonal footprints, nectangular cross sections (e.g. L
shaped reténing walls) and nowertical wallsAll IfcWall occurrences have base quantities associated to

them, whichinclude

1 Length (nominal)
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Width (nominal)
Height (nominal)
Gross Footprint Area
Net Footprint Area
Gross Side Area

Net Side Area

Gross Volume
NetVolume

Gross Weight

Net Weight

=4 =4 =4 =4 -4 -8 -8 -8 -8 4

Additionally, there is a series of wall specific property sets that can be attached to wall occurrences
by means of IfcRelDefinesByProperties relationship. These include properties related to acoustic
insulation rating, firerating, thermal transmittance, load bearing capability, €&or more details see
table 185 in thefcWall specification

Figurel?7 (page28)illustrates the inheritance structurfom IfcProducdown to the two subclasses
of IfcWall. The diagram shows the list of properties belonging to IfcWall, including the properties
inherited all the way from IfcRoge.g. GlobalD, Name, OwnerHistaryd Description)These represent
the core list of properties used in this proposal to define masonry waltxder to maintain the
semanticequivalence with origindFC class definitions.

3.3.1.8IfcBuildingElementProxy
Most of building elements defined undéhe class IfcBuildingElement correspond to physical artifacts

with a predefinedmeaning in terms of shape and functionality. Thus, the class IfcBuildingElement covers
the description of common elements such as wallabs, beams, doors, et€ometimeshowever these
categoriesdo not coverall possible entities that might be relevant in the context of design.

For this purpose IFC provides an abstraction caitezlildingElementProxyfcBuildingElementProxy
containsthe same set of properties and relationshipberited by all subtypes dfcBuildingElement, but
without a predefined shape or function associated taitording to buildingSMARThe purpose of
IfcBuildingElementProxy is tork asspatial placeholdersthat later maybe replaced by special types of
elements.The following use cases for IfcBuildingElementProxy are provided:

1 The IfcBuildingElementProxy canumed to represent a particular volume of space needed to
allocate some engineering function. That volume of space may later be assigned as a void within
a larger building element, such as an opening, niche of recess.

1 The IfcBuildingElementProxy can be dise exchange special types of building elements for
which there is no current standard specification of semantics, either at the exchange level or at
the application level.

As any subtypef IfcBuildingElemenian occurrence of IfcBuildingElementPreigndsto a number
of inherited properties andelationships, such ashject placement, shape representaticgpatial
containment, element composition, material associations (just one), object typing and predefined
property sets.
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The purpose and characistics of IfcBuildingElementProxy make it an appropreategoryfor the
definition of masonry wall regiongnder the IFC schemas explained later in sectidh3.2.

3.3.1.9Preliminary Bcussion
The analysis of representahal requirements for masonry walls, especially from the perspective of

design workflows and Levels of Development (LOD) curreatided by the industry indicate that the
semantics provided at the level G€Wallare not enough. These semantics corresganughly to what
isalreadyavailable todayor the representation of masonry wails mostBIM commercial applications.

For example, in Autodesk Revit, a conventiamdroach for theepresentation of masonry walls is
the use stack wall familiasith material layer setsln fact, this approach is general enough as to
represent anykind of multilayer wallswithout anyspecific rule®r constraintsregarding masonry
construction Thus, theresulting stack walinodel in Revits semantically equivalent to
IfcWallStandardCaspreviously describeth section3.3.1.7 Given the LOD requirementsrfmasonry
walls recommended bthe TMS BIMV Committee Report (January 2014)ch arapproachseem only
appropriateto cover LOB100¢ 200.
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bdd [Package] IFC_Top_Levell |g) ficProduct U The representation of masonry walls at LOD 300 may
be accomplished within Autodesk Revit using a relatively
ffeProduct new functionality calledV LJ (R&vi& 2014)Thus, a
ObjectPlacement multilayerwall represented as a single solid with
- embedded material layer set§equivalent to
IfcWallStandardCagean be converted automatically
into series of geometrically discreet lageEach layer
object inturn can be further decomposed into smaller
|”°B””“""QE’E""9"‘ | subparts given a number of predefined geometric
T operatorst. The resulting modekould be semantically
L equivalent toan IfcWallElementedCaseccurrence This
:Eg;;:r:in”u;Ilgﬁn't'[u"” second characterization of a masonry wall as an
“ConnectedTa : IfcElement [0..7] assembly of differenélement parts (i.elFC elements)
*sinterferedByElements : [fcElement [0..%] . .
“HasProjections : IfcElement [0..7] seemsamore appropriate to reach the semantics
e e required for LOD 300 and abogfigure 18)
-“lsCm_'lneu:tiunReaI@zatiun . [fcElement [0..7]
:Efj”n‘;"gg‘fd”;r';%ﬂfﬁgél'ﬁf;i'gt"‘[gﬁ][”--*1 Because of thindustryneed to cover LODsgher
jgg;gj{g;d;ﬂ;‘;nt;?ure: IfcElement [0..1] than 20Q a masonry specifiscew wall type is proposed
?n“?,-ﬁéfﬁ‘ai";ﬁ%%% ’ in this report. This masomgpecific wall type isooted
IsTypedBy [0_1] on thesemanticof IfcWallElementCase
specredsy oA Thissection introduces theationale for the newly
:::Emgg }[rn[.u_j_],] proposed typeln order toexplainthe relatlgnshlp
"HasAssignments [0.."] between the proposed masonry wall typeth the
Ea semantics of IFGhe section starts with low level
el definitionsfor masonry parts (e.g. masonry unasd
:ﬁgﬂgiﬁiﬁiﬂ';fc.: component$. This is followed by the description of a
glnﬂﬂlri ~dll new level of intermediate aggregation dedicated to the
;gggﬂpﬁm dESCIjIptIOI’l of masonry features. Mason.ry regions are
then introduced as abstract representation of masonry
features. Finally the entire masonry wall assembly type
HcWaIIEIementedCase| |IchaII5tandardCase is introduced at the higheSt level of aggregation.
The intent is to provide a comprehensive, unified

schema for the representation of masonry walls.
Figure 17 Inheritance structure for IfcWall, However, this is just an initial conceptual framework. It
IfcWallStandardCase and IfcWallElementedCa is by no means exhaustiee final. Significant
developmenteffort will be neededrom allindustry members to revise, modify and extend the
preliminaryschema and software functionalisuggested here.

A discussion will be provided in secti®d Software Functionalityagarding the geometric opetars
needed to build and maintain thgeometricrepresentation of masonry walls, features and regions
according to the masonry schem@s mentioned in the case of Revit wall parts, much of this
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functionality is already available in mainstream BIM applicatibut they need to be tied to more
refinedand extended to cover with moromainspecificrequirements.

Figure 18 Models of masonry cavity wall in Revit 2015. In the left wall, all layers and masonry features are implicit
in the model (e.g. material layer set) created as a Revit stacked wall. This representation is similar to
IfcWallStandardCase . On the right, all layers and features are represented explicitly as independesftthart
wall, which is equivalent to IfcWall&mentedCase.

3.3.2 MasonryWall Definition &hema
Based on the observation made on the previous discussion, the proposed class of masonry walls is

defined as semantically equivalent to a subtype of IfcWallElementedCase. Masonry walls can still be
createdwithin the characteristicsf IfcWallStandardCase (i.e. swept solids with constant thickness and
material layer sets) , but this option should be usadly during early stages of design or when low levels
of developmentsuch ad.OD 100 and 200 are sufficigatcover theinformation requirements at hand.

When hgher levels of development are needed, masonry walls shoutddzeledin ways
equivalentto IfcWallElementedCas&or that purpose theesearchproposes the class
mwd_MasonryWalt as semantically equilent to subtype of IfcWallElementedCase (Figudg 1

2 All masonry specific entities defined within the proposed schemathaverefixmwd _, which stands foMasonry
Wall Definition. These new entities are represented in the subsequent diagrams as green boxes, to differentiate them
from IFC entities.
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ffeBuildingElement

HasCoverings [fcRelCoverBid gElements [1..7]

I

Ifc\iall

m_WallQuantitySet - [fcWallQuantitySet
lsTypedBy : IfcRelDefinesByType

| [

IfcWallElementedCase Ife\WallStandardCase

|

mwved_MasonryWall

pans
Masonry_Wall Feature : mwd_MasonnyWallFeature
mwd_MasonryGrid : mwd_MascenrySmartGrid
mwd_MasonrySmartGrid : mwd_MazoenrySmartGrid [1]

Figure 19 Masonry walls as subtype of elemented walls/

In order to provide a comprehensive and unified schema for masonry (valls
mwd_MasonryWall)it is necessary to stadefiningschema definition fothe parts and components
that constitute a masonry wall assemlalg well Therefore dl partsof a masonry wall, including
masonry units, rebar, joint wires, grout meshes, anchors ties, etc. are defirssarasitically egivalent
to subtypes ofcElementComponentThis allows the inheritance of a series of common properties that
are relevat for all masonry partand for which IFC already provides some general def@hitions The
proposedmasonry walschema differentiates masonry parts into three main categories

T mwd_MasonryComponer(section3.3.2.7)
1 mwd_Masonrymgredient(section3.3.2.9
1 mwd_MasonryWallFature (section3.3.2.3

A masonry wall feature represeras intermediate aggregatioof components and ingredients.e.
subassemblies within the overall wall assembBgnd beams, lintels, joints, corbels are examples of
well-definedmasonry wall featureOther examples might be arbitrarBecause every masonry feature
implies specific tygs of masonry parts, construction processes and functionality, masonry features are
considered to beéhe fundamentalsemantic unitscomposingnasonry wall modelsFigure20 shows the
relationshipbetweenthese categorieand mainlFCtypes
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Figure 20 Proposed inheritance structure for masonry features, components &
ingredients.

Masonry wallsaarethe highestievelof aggregation (i.e. assemblies)different masonry features
(i.e. subassemblies)which in turn aggregatemallermasonry components and ingredier(i. parts)
These aggregation relations across multiple levels of the wall assemblyambectontrolled
geometrically and dimensionalby asmartmodular grid.In termsof geometric representation
masonry éatures aredescribed bynasonry regionsvith variable levels of geometric detail. The
conceptsof smartmasonry gridmasonry region and the entire masonry wall asserabtydefined by
the following categories:
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