Korean Journal of Air-Conditioning and Refrigeration Engineering
Vol. 25, No. 11 (2013), pp.631-639
http://dx.doi.org/10.6110/KJACR.2013.25.11.631

S EMH|o| BIM 7|HF AISHEE fI8h &I Lol e AT
A Study on the Rule Development for BIM-based Automatic Checking in a Duct System

. +
£F 3 (Jong-Kwan Song), 23HGeun-Ha Cho), 7] (Ki-Beom Ju)
gad7ledTd ICTSFA T4
ICT Convergence and Integration Research Division, KICT, Goyang 411-712, Republic of Korea

(Received September 30, 2013; revision received October 21, 2013)

Abstract This study derives quality checking items in Building Mechanical Systems Design Criteria, and suggests quality
criteria to review BIM models in the duct system of an air conditioning system for rule-based automatic checking. First,
components for the duct system of an air conditioning system were reviewed, and the quality checking items were drawn
from Building Mechanical Systems Design Criteria, through assessment according to object, attribute and relationship
composing the BIM model. Second, quality checking types were derived, by analyzing the quality checking items and Rule
set of the Solibri Model Checker. Finally, methods of algorithm functioning for checking the BIM models for mechanical
systems in computers were drawn, and Elements to comprise the quality checking criteria (rule) were suggested. This study
means that that checking items are derived from domestic criteria, and a way for the development process of determining
quality checking criteria (rules) is suggested.
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+ Checking confluence with modeling according to modeling criteria
» Checking requirement information according to use case

-l

Converting to IFC

BIM model constructing

= Applying construction criteria
according to use case

Providing Structured Quality Checking Rule

BIM-based Quality Checking ltems
« Building Code

« Building Mechanical Systems Design Criteria

= Building Electrical Systems Design Criteria

Providing construction criteria for modeling

Fig. 1 A concept of rule-based automatic checking for BIM models.
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Table 1 Features of air conditioning system components

Components / the number of Connectors

* Feature Image

Air Handling Unit/6~10

* Duct Connectors of AHU are
composed of connectors for
supply air, return air, exhaust air.

* Pipe connectors of AHU are
composed of connectors for hot
water, chilled water, steam, and
drainage.

Duct/2

* Ducts can connect damper, pan,
rubber, diffuser, and AHU to
both sides of the duct.

Duct Fitting / 2~4

* Connectors of duct fittings are
composed of 1 way in and 1 to
3 way out.

* Duct fitting can connect a damper
and a fan among sides of duct
fitting.

Diffuser/ 1

* Diffusers can connect duct,
damper for air circulation and
supply to building.

Damper/ 2

* Dampers can connect duct, duct
fitting, fan, louver and diffuser
for control of air flow in duct.
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Table 2 Software for BIM model checking

Software Main Functions Notes

Tekla Viewer, Conflict check,
BIMsight  Reporting

. Viewer, Conflict check, using sentence-based
Navisworks

Reporting Rule
ProjectWise Viewer, Conflict check, using sentence-based
navigator  Reporting Rule
Solibri Viewer, Conflict check, usine Library-based
Model Logical Check, Attribute & Y
. Rules
Checker check, Reporting
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Table 3 Checking items and type

Object Checking Type

Quality Checking Item

Free Area and Distance

Checking Distance between Fuel Tank and Package type AHU in Generator-Room

AHU
Property Value

Checking whether a duct type AHU is installed in machine room

Damper  Free Area and Distance

Checking whether rain leak to external duct

Property Value

Checking damper width and material

Checking installation place of damper and access shaft in duct

Checking whether fire damper is installed on opening of fire compartment

Checking installation condition of safety curtain and fire damper

Checking installation condition of back draft damper

Existing a equipment(element)

Checking whether electric damper is installed on external duct

Checking whether fire damper is installed in exhaust hood

Checking installation condition of air volume control damper

Checking installation condition of piston damper

Duct

Checking required space for duct installation in ceiling and shaft

Free Area and Distance

Checking existence of maintenance space for fan, duct and air terminal

Checking wind velocity of duct

Checking whether lagging material is installed for duct

Checking aspect ratio of duct

Checking installation condition for each type of duct

Property Value

Checking duct size by friction loss

Checking thickness of exhaust duct panel

Checking duct size by allowable pressure drop

Checking size and capacity of duct and pipe by maximum value of thermal load

Existing a Equipment(Element) Checking installation condition of access shaft in duct

(© SAREK
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MEP Rules Hierarchy of MEP Rule sets in Solibri Model Checker(SMC)

ﬁimension Values MagiCAD @ ]‘ZIM Validation - MEP B 1\‘/[EP models and Architectural model 1‘\/[EP models and Structural model &
Intersections in Building Services® tBuilding Services and Architectual Components® tBuilding Services and Structural Components@
Component Locations Check® Distance between Components@ Distance between Components®
Property Values Checks®
Free Area in Front Of ComponentsQ

Auildmg Services and Beams and Columns @ @ / Each Space with Window Should Have a Heater@
Building Services and Doors and Windows@ Electric Cabinets Must Be Defined@
Building Services and Fumniture and Other Objects @ © / Enough Inlet Air Valves@
e&o Building Services and Other Construction Components@ @ &0 Fresh Inlet and Outlet Valves Must Be Defined@
C& Intersections between HVAC and Electrical Models @ -\QQ Model Should Have Inlet Air Valves@
"/ Intersections in Electrical Models@ QP’ Model Should Have Spaces and Space Heaters @
& Duplicates in Building Services@ -e% Sockets Must Be Defined@
Duct (large ones) Intersection@ ;\% Sockets Must Locate Near Walls@
Duct (other than large ones) Intersections @ Inlet Air Valves @
Intersections between ducts and other MEP components@ Floor Drains Must Be Defined @
Classification Intersections in HVAC Models (except ducts)@ Floor Drains in Cleaning Closets@
of Rule sets

L8

for MEP in
SMC

System Names Must Be from Agreed List@
Total Heaters' Efficiency Has to Be at

0 \_Fiee Area In Front of Electric Cabinets@ @ \Least Requiired Efficiency o
*’oe Distance Between Fresh Inlet and Outlet Valves @ m% Air Terminal Dimension Values Q)

Air Teminal Dimension Values Must Existsg) Free Area Front of Electrical Sockets@
©\_Damper Dimension Values Must Exists@
‘?, Duct Dimension Values Must Exists @y

bbo Duct.SilenceI DimensionVallues Must Exists& % Distance Between Columns/Beams and /ﬁl Damper Dimension Values@
&\ Diameter Value Must Exists &} #,\MEP comporerts 00 ("Elg Duct Diameter@
?9&' Length and Dianeter @ ] 9% Distance Between Doors and MEP components@ %v Duct Dimension Valuesg@
f} Properties for Heater Efﬁuenc.ys “N\_ Distance Between Windows and MEP ° L4 Duct Silencer Dimension
and Total Heat Loss Are Required "9, components Values o
Distance Between Walls and MEP components@
Fig. 4 Classification of checking type for MEP in SMC.
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Table 4 Methods for realizing the rules ( Start )

Method Name Description |

getElementByProperty =~ The method is able to get
architecture or MEP elements No

Lo . 1 P
which include specific property (getElementOfProperty)

getEquipmentByProperty The method is able to get | Extracting fire protection spaces |
equipment libraries which

contain specific property No
(getElementOfProperty)
getPropertyOfEquipment The method is able to get

instance of specific property in

| Extracting ducts within fire protection spaces |
equipment libraries i

getPrOpertyOfElement The method is able to get Extracting walls and slabs composing fire protection

spaces

instance of specific property in

elements

getEquipmentInSpace The method is able to get (getElementFacedWith)

equipment libraries in specific

space

getDistance The method is able to calculate
distance between the elements

Are there ducts going
through the opening object ?

getElementFacedWith The method is able to get

elements which are faced with
speciﬁc element Extracting ducts going through the opening object

getSpaceContaining The method is able to get

spaces which include specific PP

element or equipment

getConnecterDiameter The method is able to calculate Calculation distance

. . tDist;
between a damper and a opening object = (D) (getDistance)

diameter of connector in

The method is able to get the
system which consist of specific | Resul reporting 5
element

v
getElementInSpace The method is able to get —)< End )(

elements in specific space

getElementSystem

Fig. 6 Algorithm for checking existence of the damper
(example).
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