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Rule-based Review and Automated Quality Management Process
of BIM deliverables for Railway Infrastructures
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ABSTRACT: In the current 2D-based design, design reliability is lowered due to interference and inconsistency between plans, errors in
drawings and quantities, etc. At the time of transition to BIM-based 3D design, it is necessary to expand the reliability and usability of BIM
by eliminating these errors from the design stage through securing the quality of the BIM digital model.

Therefore, in the railway infrastructure design stage, the quality management process and standards of the BIM digital model were
defined and quality management index were developed. Based on the rule extracted from the quality management index, a pilot quality
management was conducted in connection with the commercial Model-Checker rule, problems and improvement plans were derived, and

a rule-based automated quality management plan was prepared.

KEYWORDS: Railroad Infrastructures, BIM Digital Model, Quality Management, Automated System, Quality Management Index, Rule
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Table 1. Summary of domestic BIM guides

Sector/Field Contents
BIM in Architecture | ® Classification of physical information/
Application guide logic/data attribute quality standards
[Ministry of Land, e Passive visual review using Viewer
Infrastructure and e Perform quality management using
. Transport, 2010] SW's function
Construction — -
Faullty bu§|ness BIM ¢ Classification of planning, information,
Application Basic | 4 physical quality standards
GUIdellnes e Passive visual review using Viewer
[Public Procurement | | Automatic review using SW's function
Service, 2010] utomatic review using SW's functio
Road owner * Classification of physical information/
BIM Guidelines logic/data attribute quality standards
[Ministry of Land, e Visual passive review using modeling viewer
Infrastructureand | » Automatic review using SW self-review
Transport, 2016] function
e Quality inspection time, items, and
o methods are included in the BEP
Ex-BIM Guidelines | , Classification of physical information
[Korea Expressway — - .
Corporation, 2015] quality (interference collision, etc.), logical
information quality (design error, etc.), data
quality (shape and attribute information, etc.)
Civil e Visual passive review using Viewer
Engineering o e Automatic review using SW self-review
LH (.)|V|l4—BIM function
Guidelines ) e Classification of physical information
[Korea Land &Housing L . .
c ) quality (interference collision, etc.), logical
orporation, 2018] ) ) . )
information quality (design error, etc.], data
quality (shape and attribute information, etc.)
. ¢ Propose a method for BIM quality
¢ Raitway management
In r‘astrlucture BIM | _ Model self-review: quality management
Gmdglmes !VJ.O] using checklist
[National Railroad . - .
) - Interference review: Visual and automatic
Corporation, 2018] - . i
review using dedicated software

Table 2. Summary of overseas BIM guides

Field Contents
* Regulations on creation, exchange, and reuse of 3D
. design info
Met?wzt\i//\lglgklgr:‘gject - Design quality management e.g. direct & indirect

geometrical structure matching

- Quality management for geometry, objects, and object
properties

- Simulation quality management elements

Agreement
[Denmark, 2016]

* Regulation of software-based BIM requirements

- Spatial BIM: Review spatial location, properties, etc.

- Architectural BIM: Review modeling errors such as
object interference

-Structural BIM: Clash review between architectural/
structural BIM objects

- Merged BIM: Review of model applicability and
coordinates

Senate Properties,
BIM Requirements
[Finland, 2017]

BIM guide for | ® Establishment for BIM uses and deliveries
Germany * Proposal of quality assurance through various
[Germany, 2013] templates in BIM Contract Addendum and BEP

o Select a visual method for BIM use cases in the bidding,
pre-construction, construction stages and so on.

* Presenting the items to be checked by the contractor at
each stage

- All discipline-specific models assume the same level

- Suggestion of modeling method and compliance with
facility regulations

BIM Essential
Guide for
Contractors
[Singapore, BCA, 2013]

* National standard guidelines for architecture,
International BIM |  construction and related services provided by the Royal
Report Association of British Architects (RISA)
[UK, NBS, 2016] * BIM level defines quality management procedures
according to the BIM maturity model




Field Contents

* Published BIM Guide Series (GSA, 2010) guidelines by
GSAin the US

* Review of space, movement, security level, energy
consumption, construction cost, etc.

 Development of own module based on SMC platform

* Modeling according to internal policies, procedures, and
standards, and regulation of delivery conditions

 Propose a guide for managing project requirements and
deliverables

National BIM Guide| - Quality planning: Defines quality assurance and control

BIM Guide Series
[USA, GSA, 2007]

for Owners - Quality Assurance (QA): To ensure that the modeling
[USA, 2017] process stipulated in BIM PxP is carried out
- Quality control (QC): regulations to ensure that project
deliverables are consistent with project requirements
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Table 3. Analysis of papers related to domestic and overseas
BIM—based quality management

Author Title Contents

Development of ¢ Propose a plan to develop an open BIM-

Cho.|, openBIM-based based quality managementl system
J.S, Kim, Quality Checkin ¢ Select laws that can be logically
1.H(2016) Y 9 implemented and apply them to the
System . .
evacuation law review system
Development * Definition of quality management items
Song, of Rule Quality for BIM-related guidelines for quality

J.K Ju, Checking Itemsto | management in the construction sector
K.B(2013) | Raise Quality of BIM | ¢ Purpose of developing rule definitions

Model and applying cases
Kwon, . e Perform quality management using
0.C, Cho, Bl'r:' T;‘if;g:fﬁ'ty SMC (Solibri Model-Checker] ruleset
J.W, Cho, CasepStud Anal Zis ¢ Proposal of improvement directions for
C.W,(2012) y Anay modeling problems

Development of | e Development of an optimized rule set
Kim, Y.R, | Rule-Set Definition | centering on the items reviewed in the

Lee, S.H, for Architectural building plan
Park, S.H. Design Code * Verification of rule set applicability and
(2012) Checking based on | consistency through actual projects
BIM using SMC

Requirements For | ¢ Study on possibility of automatic review

Jeon Automated Code of evacuation & disaster prevention laws
9 Checking For Fire | using BIM
JY, Lee, G . ; . . .
(2009) Resistance And | * Analysis of automatic review requirements
Egress Rule Using | by analyzing the existing automatic legal
BIM system and research status
Joao Pocas LicA: ABIM
. Based Automated | * Review of automated regulations for
Martins . o
Code Checking water pipes in Portugal
and Andre - . -
Monteiro Application For * Development of LicA application to
(2013) Water Distribution | perform hydraulic analysis
Systems
A Framework e The purpose of supporting designers
Zhang, 5. et For Automat'|c in the pla?nmng/deggn stage based on
al (2012) Safety Checking information on the safety plan
) Of Building ¢ Proposal of automatic safety check

Information Models | framework using BIM model
A Framework For * Review of structural design for building

Nawari . structure related laws and user-defined
.| Automating Codes
0.Nawari rules

(2011) Conformance ln, ¢ Propose a new framework for developing

Structural Domain an automatic rule checking system
¢ Present a quality management plan for
civil engineering BIM library modeled
based on Typical Drawing of Ministry of
Land, Infrastructure and Transport
e Prepare a quality management plan to
Cho, K.H., on Standardized confirm that the library object is created
Ju.KB. Drawings in Civil accurately from a physical and data
(2016). Projects : Focusing | property point of view compared with the
on Retaining Wall traditional 2D method
Case * Utilize to build a automated quality
management system based on parameter

An Object Quality
Verification
Moon, H.S., Method for BIM
Kim, C.Y., Libraries based
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Table 4. Major BIM model—checker software

Software Contents

¢ Available for developer support. API based on JAVA
e |[FC format support

[Nem?t\l(c:heck] e Lack of extensibility of rule library and definition book
e |tis possible to review objects and properties, clashes,
space, comparison between models of fields, etc.
NavisWorks e Support for ir}ter—model clash and attribute review
(Autodesk) * Supports various formats such as DWG/DGN/IFC

* Plan vs. execution process review / 4D simulation

¢ Model shape and automatic clash review support

Synchro * Supports various formats such as DWG/DGN/IFC

(Bentley) * 4D simulation function

* Plan versus execution

* Model review for each stage of planning, design, and
pre-construction

e |FC format support

* 3D/4D/5D/6D and CDE environment support

* Open API / Add-in System

* BDN (Bentley Developer Network) based AP provided

OpenRail Designer| ¢ BIM planning-design-review-visualized civil engineering

(Bentley) total solution

* Supports various formats such as DWG/DGN/IFC

* Open APl based on Java Script

e Support Civil environment such as Terrain, Alignment,
coordinate system

¢ Model review for each stage of planning, design, and
pre-construction

» Supports various formats such as IFC / DGN / DWG /
LandXML / DXF

* Model shape and automatic clash review support

¢ 4D /5D simulation function

Bexel Manager
(Bexel Consulting)

Desite BIM
(Thinkproject)

Desite BIM2 Java Script2 &%t £ 7[Hto] EZSZ0F AP
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Table 5. Quality management standards for BIM model

Type Explanation
. * Examination of model conformity to shape requirements
Physical . . }
) . - Physical review such as interference of target models by
information field
quality - Rule-Set definition and commercial Model-Checker S/W
management .
linkage
e Examination of logic requirements’ satisfaction by model
Logic - Review of compliance with design regulations and
quality design standards
management | - Rule-Set definition and commercial Model-Checker S/W
linkage

* Review of model’s data requirements

- Review data properties of object models

- Rule-Set definition and commercial Model-Checker S/W
linkage

Data attribute
quality
management
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Table 6. Functional review of commercial SW (1st step)

. Clash IFC  (CivilSupport APl v;?;s“f;’
Detection |Compatibility Level | Accessbility Management
Solibri o A A | Tetesed
review
NavisWorks O O O A phisycal review
Synchro X X O X
- rule-based
Visicon O O X A review
OpenRail ) )
Designer X A @] X phisycal review
BlMvision A A A X visual review
. rule-based
Desite BIM (@] O O A -

note) © : Excellent, O :Good, A :Average, x :Poor
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Table 7. Functional review of commercial SW (2nd step)

Evaluation | Evaluation Evaluation Contents Desite Navisworks Solbri
Index item for Selection B el
35/135/135
. Design review function
Functional | ;. .
implementation including interference review ¢} o o
P of Ciil BIM model
funtion- Compatibility or conversion
i openness | with standard formats such o|o o
Y as IFC Rail
. Interoperability with other
interoper-
. rograms or systems such o o o
ability prog Y
as data exchange, interface
. .| Linkage with this Research
connectivity o o o o
sl Group's integrated platform
ability Interface extensibility
interface  |for rule-based quality o o o
management
accesshility |Open APl availability o o o
compati-
bility downward | Whether to use old data if o o o
compatibility | there is an older version
ul Whether to change the ° ® °

adjustability | menu, screen layout, etc.

Appropriateness of using
usability | drivability |system resources (CPU, (¢} o o
memory, etc.) of SW

Easy to learn user menu

ili o
learnability (Ul)and tool o o
Whether continuous
product  |product upgrades and
- . o o o
reliability |maintenance after
development
reliability | operational Whether the system
I operates stably when o o o
stability . .
operating for a long time
system | Stability for processing
. o o o
stability | large amounts of data
Whether to provide a
supportability | diagnostic function to solve (¢} o o
maintain- the error
ablility Whether the product is
easy to .
wdate |2 to update to improve o o o
P functionality
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Figure 2. Railway facility classification structure for developing
the quality management index
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Level 1.
Mai-Category | goadbed |

I
Level 2.
Mid. Level
Level 3. ~Common
Sub-category «Earthwork design

“Earth protection

+Common +Common
equipment

“Superstructure | [ +Structure
*Drainage
+ Common Infrastructure

“Sewage
“Ancillary facilities | |-Ancillary facilities

+3D intersection ary facilit
) “Electrical facilities | |-Fittings
“Soundproofing

“Other auxillary
equipment

“Electrical facilities | | *Other Facilities

Figure 3. Application of extended facility classification
structure(extended PBS) to classify the subgrade quality
management index items
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Table 8. Subgrade field quality management index (one part)

Indicator
Type

Indicator Content

action/
Result

Physics
informa
-tion
quality

physicalcheck

Were the beggining and ending of the bridge

applied correctly?

physicalcheck

Arethe plan and vertical alignments correctly placed?

clash detection

Are the bridge facilities physically separated/not overlapping?

physicalcheck

Are major elements such as slabs, abutments, piers proper?

physicalcheck

Were the auxiliary facilities applied appropriately?

clash detection

Are the foundations and piles overlapped or separated?

clash detection

Was the bridge embankment applied correctley?

clash detection

Are there any inconsistencies between the model and the terrain?

clash detection

Is it appropriate when combining models ?

clash detection

Were the models and LOD referred the BEP proper ?

clash detection

Is the mdoels the same after conversion to the standard format?

clash detection

When combining with other BIM SW, is the Models proper?

Logic
quality

coordinate check

Is the same coordinate system applied to the project section?

unit check

Are the units and scales of the models prope

rly applied?

criteria check

Was the models applied according to the standards?

criteria check

Has the existing structure and the clearance

been secured?

criteria check

Were the auxiliary facilities arranged according to the standards?

criteria check

Was the covering depth of rebar proper according to criteria?

Data
quality

property check

Are unnecessary objects and information removed?

taxonomy check

Has the facility classification structure been reflected?

property check

Were the properties proper according to their information level?

property check

Is the attribute tag toidentify the objects proper?

property check

Have you reviewed omissions and typos in attribute information?

property check

Is the attribute information applied according to the standards?

property check

Is the attribute information tag applied propel

rly for each model?

property check

Does the library specification and the info match each other?

property check

Were the properties of the facility applied according to the BEP?
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Table 9. Utilization plan for railway through SMC rule analysis

Measures for use in the railway

SMC rules and contents infrastructure
1l Allowable cross-sectional shape Review the application of structures such as
(SOL.215) bridges with appropriate cross-sections
2| Interference between components | Separation distance and interference between
(soL) objects

3 Consistency of building elements | Review of interface consistency between models
and structural elements (SOL.224) | - such as subgrade, track, electricity, and signal
4l Comparison of attribute values Compare and review the design reference value
(SOL.231) and the drawing application value
Review the distance between the components
5 [« Component Distance (SOL.222) of the model such as subgrade, track, electricity,

and signal
o | A component inside a component Review of structure cover thickness or rebar
(SOL.234) spacing, etc.

« Consistency of component attribute
values (SOL.171)

~

Review of property values of each facility model

Model shape review possible through

8 |« Model Comparison (SOL.206) comparison between models
9 | Required attribute set (SOL203) Review of model properties for each facility in the
railroad sector
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Table 10. Extraction of rule types by quality management index

Rule Types by quality management Indicator Count | Rule No.
Physical shape review 3 |206/215
Physical interference review 23 1
Examining distances between model objects 24 222
Consistency review between object model elements 14 224
Review of attribute values of BIM model for logical quality 51 [171/203
management
Comparative review of attribute values for logical quality 9 231
management
Review of element spacing and standards in objects(bar cover
: 5 234
thickness, etc.
Criteria required for rule writing are ambiguous 26 -
Cannot be confirmed by ruleset 5 -
total 160
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Table 8. Subgrade field quality management index (one part)

No.:03 Title Data property quality management of pier
structures
Item Details Applicable Laws or Standards
Target Review of attribute I . .
Facility | information for Pier Specifications for Pier design
Origi It is necessary to maintain the conformity between the attribute
riginal

information applied to the railway infrastructure BIM digital model
and the LOD standard type.

« The target structure is the pier.

« By comparing the pier LOD regulations and the properties of the
Rule BIM model, if they match, OK, if not, set the rules as NG.

Interpretation |« This rule checks whether the model has the required set of

properties, or if the property has a value, it matches the type of the

value.

Text

Module
Flow Rule

*Reconfigure and use Solibri's own
library

+Using SMC's own library, ‘Required
Attribute Set (SOL.203)", review
whether the attribute information of

Feezamte
7 gt

La2ses

each object of the pier structure is

-] properly entered into the LOD.

Condition - LOD type match or not

Presence and matching of data attribute
information

LOD350 Level of Detail : 350
LOD300  |Level of Detail : 300
Result Pass/Fail

Parameter | Identification

Class

Review type

« Determination of the existence of attribute information values by LOD level
« Determining whether the type of attribute value matches (numeric, character)
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Figure 8. Pier model for logic review
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