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Abstract

In present fashion of building modeling Building Informaii Modeling (BIM)has been playing radical role in en-
hancing the production of building industries as its sofenike ArchiCAD,Revit etc.ffers the parameterized objects
of structures with its complete attribute information. Biitl a separate need of code compliance checking is felt
to ensure the structure stability, behavior and resistarteen exposed to atmosphere to various physical and envi-
ronmental conditions. As of now,same purpose of checkirfglfdled manually. But seeming cumbersome task
and accounting to erroneous and approximate result, itatdrean appropriate way to proceed further. Thus a new
approach, called Automated Code compliance checkingfteae, comes into existence. This paper here deals with
Data access for Automated Code Compliance Checking sysi@nedn be used to inspect a structure as per building
code, called Indian Standard Building Code (ISBC), usediayengineers.
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1. Introduction data of ifcXML file, and diferent rule checks are em-

. ] _ ployed on dfferent structural object for validation and
An automated code compliance checking [1, 2, 3Jis produce a validation report.

computerized or digital comparison of fetched data of

a virtual designed model using any 3D BIM tool to )

digitalized building code [4],and rule and regulations 2- ndustry Foundation Classes (IFC)

ranging from seismic ,collapse, blast resistance to fire IFC (Industry Foundation Classes) is, a data simu-
sqfety and energy requirements [5, 6]. To agcpmplish late based on EXPRESS schema, develbped by the IAl
this go.al, the k_nowledge of .data }‘ormat Of. building in- (International Alliance for Interoperability) to allev&
fo.rmatlon and its collaboration with checking software interoperability in the building sector.IFC prototype ac-
will play a vital role. A standard format for BIM soft- tually develops model-based data exchange among all

ware [7], called IFC (Industry foundation classes), is model based applications in building industry [9, 10].
available to all construction industry, and supported by ’

almost every BIM software. Besides IFC, ifcXMLis 5 1 ifexML
another XML schema based data format, that derives
all data from IFC(STEP written, also called SPF: STEP
physical file) [8], is supported and exported by BIM
tools.A digitalized format of code is beforehand main-
tained in object oriented objects to collaborate the build- e Tagged marked up language that focused on data
ing object with it so as to get code compliance report. structure and have a meaning.

Java, a programming language, is used to access the

Implementation of ifcXML as source file is exercised be-
cause of, as it is based on XML schema, its some promi-
nent features like:.

e Uses jtag¢ &fag¢, style to present data.

Email addressesbikramjitkritjit@gmail.com (Prof. e Uses parent and child hierarchy.

Bikramijit Singh?), hardeep.rai@gmail.com (Prof. Hardeep . . . .
Singh Rai), sk.kannaujia@gmail.com (Sudheer Kumat), e Using XML parser it can easily accessed into ma-

nanda49rahul@gmail.com (Rahul Kumar Nanda) chine format using following parsers :



— DOM(Document Object Model), which cre-
ate passable tree structure for multiple passes
through document.

— SAX (Simple API for XML), which performs
a sequential processing of keyword within the
XML or here ifcXML document.

3. MODELING WITH ArchiCAD

One can directly take an ifcXML file from sample
model to study the building data and implement to the
further use as of code compliance checking. But a sam-
ple model contain numerous element and objects that
can create trouble in understanding data flow of a com-
ponents and their relation to other existing objects used
for building elements. Thus here, without picking a na-

tive -model, own model is created to study the thorough

hierarchical data flow in ifcXML file. This is why a
Rectangular Tank is designed using ArchiCAD. [11]
by which both IFC and ifcXML file is exported and their
further study is made.

3.1. Getting stated

Modeling a structure with ArchiCAD is so simple and
can be done by using following steps.

o After installing ArchiCAD setup from Graphisoft,
an icon get displayed on screen.

¢ Just click on icon to proceed with ArchiCAD, and
soon a pane will appear for New Project. Being a
beginner opt for New Project, and click OK.

e A working display’ gets displayed within few sec-
onds, and then follows as OptionPreferenceWork-
ing units to set the working unit.

e Onworking display all necessary tools like Design,
Drawing etc display on the left pane and layout in-
formation display on right pane.

e To activate a tool just press that tool by clicking it
once and place it where needed.

e To open the setting tools like Beam, double click
on it or if it is placed on working pane, just right
click on object and choose Beam Setting.

3.2. Modeling of Rectangular Tank

e Select column and open its setting, and providing
all feeds like cross-sec, height etc, place them at
their required place say four columns at corners of
tank.

Select Beam and set all the attribute opening the
setting, place it from center to center on column

by adopting any drawing style like Single beam,

Chained beam, Rectangular shaped beam.

Similarly selecting slab, wall, and filling all at-
tribute value, place them at proper location and po-
sition.

Then at last place top slab as roof on tank.

Open it in 3D window and if any component is
found misplaced, correct it by dragging at proper
place by right clicking on object then selecting
Move,and then choosing Drag or done it changing
the setting of object placed.

3. Reinforcement in Columns and Beam
o If your ArchiCAD have reinforcement library then

follow the following steps otherwise install Eptar
reinforcement package.

To proceed with Eptar reinforcement loads the
reinforcement library by choosing Reinforcement
button from the top of worksheet.

Now make sure you have reinforcement environ-
ment.

Go to object and select reinforcement from there.

Then proceed to make a reinforced object for col-
umn consist of rebars and stirrups.

Click on section and draw of appropriate length.

Then do the settings of section by right clicking on
it and choosing Section Setting.

By choosing rebars and stirrups, one by one, place
them inside the Section created and adjust them by
opening the section just by right clicking on it.

After assembling, invoke the Reinforcement but-
ton, and then select to Create Column.

A pane will appear soon to provide its name and
type, then press OK to proceed.

Place them where required by setting it property.

Similarly follow afore mentioned step for beam re-
inforcement.

Check all provided object and its properties by in-
voking the IFC manager as follows: FileFile Spe-
ciallFC23IFC Manager.
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Figure 2: Wire frame tank model in ArchiCAD. : . . . . .
Figure 3: Mapping of properties of IFC Elements in ArchiCAD i

IFC type.
e To create a New Property sets just click on New
Property and continue.
e Atlast export or save the file as ifcXML.
¢ Afinal 3D view shown in Fig.1,2.
NOTE: The length of the section should be take s KOOI
ally small.  COMNEHBTOR 1L A0
A1 FCPRONANDORGANZATION )
4. IFC MAPPING .
#15 FCAPPUCATION1 1600, ArchCAD, T aon e UG NTFUL
On exporting, building data is mapped into A1 FCORGAZATIONG, Gophct Grhech )
type and contain feature value as it exists in tt ‘
world. Like here Property, Ps&olumncommon, c ‘M’Wﬂﬁmﬁmm,mfmﬂm

tains the properties like Fire rating, placement

ternal or internal, reference and slope of colun

4 gives the idea of property sets and its containments

like AC_PsetRenovation and Phasing contains its data Frigure 4: Snippet from IFC that shows a propertyset with &g
with complete detail of owner and organization. Same and other contained information.

property mapping is given below in Figure 5 for greater

understanding.
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Figure 5: Shows the IfcProperties, and property definitiat tomes
under IfcPropertySingleValue and its actual value typét¢banes un-
der the definition of IfcLabel-wrapper as of here.

I#a;1FcpEpsON($,'Umfma,$,$,$,$_$,$), I TEcPetsotad="T1 541 "= <F amaly Marae> T fmed = /Fard,
IyName</1fcPemson-
#= [FCORGANIZATION(S, Undefied §.5,5;
<IfeOrganizationid="i1 543"~ Name>Undsfined=Hams
#10= [FCPERSON ANDORG ANIZATION(%4,#6.5); -

#11=

=/MfeOrganization=
IFCORGANIZATICN('GS, Graphisoft, Graphisoft, $,.4)

=IfePersondndOrganization id="11547"=

<ThePerson=

For simplicity gettingthe meaning <fePersomoiil="true" ref="il 541"f>

of canversion same colar hoxes
are usedto depictthe conversion
of an IFC[$PF) lineinto
correspondingifcxXMLformat.

=[ThePerson=
< TheOrganization=

<IfeOrganizationsind="true" ref="i1543"k=

</TheOrganization>
</lf:PersonAndOrganization>
<IfeOrganization id="{1343">
=Id=G5=/d=
=Mame=Graphisoft=/Hame=
«Desoription=GCraphisaft=Description>

</ Organizations=

Figure 6: Conversion of .ifc to .ifcXML.

Components Ifc type
Beam IfcBeam
5. IFC CONVERSION INTO ifcXML
Column IfeColumn
Data exported in the form of IFC,SPF cony Wall IfcWall or IfeWallStandardCase
ifcXML in same order as it pertaining to IFC. F g 1feSiab
low gives the idea of conversion. In IFC SPF_ —
data entity have value shows with value other <o meoe S
resented as $ i.e. dollar sign that mean null site TfeSite
no value is provided. New Entity ifd QY stores Building IfcStorevBuilding

ifcXML with id that is a non-numeric value, started with
letter i. In IFC with entity may contain other entities are
shown in ifcXML as child node, and may contain ref
value that refers to same entity in file with id. As in
the fig shown IfcPerson that is a entity given in ifcXML

Figure 7: IfcElemets.

to another entity of the same type with matching id at-

IfcPersonOrganisation by ref value that is equals to the With all matching id resides within same uos whereas

id of IfcPerson.

6. Methodology

IFC (SPF) [10] data format, conforms to ISO-10303-
21, automatically converts into ifcXML format, against
ISO-10303-28, when exported as ifcXML. The ifcXML
file contains entity property as id, ybfef that is non
numeric. An entity with an ref or href should have
no children except xsi:niltrue attribute ,that stop val-

href is used when matching id falls outside uos.Here
the relation of id and ref is used to fetch all the prop-

erty, attribute of a structure component.IFC data type
for each structural component and other required com-
ponents are given by placing prefix IFC then their usual
name like Beam, Column etc... Some of components
with ifcdatatype are written as shown in figure 7.

To have access to complete data of IFC model gen-
erated in BIM software IFC hierarchical order illus-
trated in figure 7 is employed, and to fetch the standard
data like Geometric value of any building component

idation process objecting to the absence of mandatory at ifcbuildingstorey like column or IfcColumn,data flow

element below. Any entity with local ref corresponds
4

shown in Figures below is used. From a main entity



TFC Project
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[FC Buil dingFlement
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- <G loballd=2{HGmiErb A yReTeCEw T YeQ=/Globalld=
=OumerHistory= .
Figure 8: IFC hierarchical order to have access to the data. P A R
=Hae=CRE - 001 </Hame=
<Deseription=MaimColurn< Descriptions
<(ject Type=3003300</Chject Type>
<ChbjectPlasement
<IftLocalPlacerentusin="trus" ref="02337">
</0bjectPlacement>
£357= IFCCOLUMMNI ZGmiErbAyRe TgCEWTY W, #16, CRE - 001, MainCelumn’,’ <R”Fm{‘;}‘;;;“;dmmefmmsmpm.nﬂ:‘..m‘@
#16= IFCOWNERHISTORY(#10,#15,5,.ADDED, 5.5, 5, 1411845390, i
2800= IFCLOCALPLACEMENT(=145,#797); <ol
£853= IFCPRODUCTOEFINITIONSHAPE(S, 5, (847);
2847= IFCSHAPEREPRESENTATION(=173, Body, SweptSelid (2334); <IPodistD S p——
#178= IFCGEQOMETRICREPRESENTATIONSUBCONTEXT( Body', Model', ' <IftShapeRepresentationexp:pos="0" xsirnil="troe"
#834= FCEXTRUDEDAREASOLID(=814,#827,5330,6000.) @ <sprasanations>
#514= [FCRECTANGLEPROFILEDEF( AREA. " 581,300, 300.) e
#811= IFCAXISZPLACEMENT2Di=807,2803); e L
827= FCAMISZPLACEMENTID(S423 2810 #815); S R T
=830= IFCORECTION((D. 0,11} e ——
Type: p (Type=
<Ttems exp £Type="set"> O
=IfeExtruded reaSolidxsinil="tre" (ef="12371"}
Figure 9: showing the building component IFCCOLUMN with its I \
entities and values that it contained in IFC(SPF) format.
=T
repthreas
<[SWEFtA:giR.ectax\g]emeﬂeDef)m.nﬂf 't @
<Position=
=Ift Axis2PlacementD) xsimil="tre" ref="i4">
say IfcColumn starts reading the data and follow its at- Ptk AP
tributes with child nodes if somewhere needed using ref L NP
. . . . . . . . _Dept}PﬁUUU =Depth=
switch to it entity with id value.Fig.9 is snippet of IFC <1 xR
format that display the hierarchy or data flow for Ifc- e T S
- - Ype=areas/Eo Vpe=
Column or Column.And same flow for ifcXML is also Fic e il
shown in Fig.10 where piece of line of ifcXML arranged ‘ P
<Al <TA D=
from top to bottom to represent the flow data of compo- m. e Stncf ol
=/lfcRen 0] e
nent, column as of here.

Having the knowledge about data flow in ifcXML
file, it is easier to work on the accessing the attribute
values when working with the programming interface
just by placing command of getting element having id
and then checking its childnode, and its value, and if
have ref attribute then switching to its entity having id
attribute and then value is to be fetched. For all this a
flow diagram is shown in figure 11.

Figure 10: Hierarchy of Elements having entities, attéband its
value is shown for a Column.

Child denoted Children Tag and tag in oval give
the data of the component like Depth, and Xdim and
Ydim give height and cross-section of column.Similarly
other data for building component can be accessed from
ifcXML file and can be implemented against ISBC.



IfeColumn
IfcProductDefinition H Have ref ]

| IfcProductDefinition H Have id J
¥

| IFeShapeReprasantation |<——b[ Have ref ]
| IfcShapeRepresentation |<———[ Have id }
| |fcEstrudeAreaSolid )‘—.[ Have ref ]

IfcExtrudeAreasolid |1—.{ Have id ]
[ treReszngleprofiDef |1——p[ Haveret |
[ treReszngleprofiDef |1——p[ Haveid |

Figure 1 Data flow and their access order with programming interface

Figure 11: Data flow and their access order with programnmitey4
face.

7. DISCUSSION

The scope of this paper is concerned with the IFC
2X3 and its equivalent XML based ifcXML format, and
the conversion of real time building objects into IFC fol-
lowed by further conversion to ifcXML. All this infor-
mation lead to the accessing of the building data in a
chronicle order. But working with the extruded view-
point of object, as it is done in the paper, might be con-
sidered as the only limitation while rest of the process
for other viewpoints, say BREP, will be same.

8. Conclusion

From above illustration it is very clear that using
ifcXMl in spite of IFC work of data access for building
model for further implementation and analysis is very
lucid and fast resulting that will be quite helping to the
learner in the field of building designing who can pro-
ceed with modeling without much knowing about IFC
and its EXPRESS language. As ifcXMLs schema to-
tally resembles to the XML, it is quite easy to collabo-
rate it with any programming language without paying
attention of its online API.
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