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Analysis of Singapore's BIM tender documents for the development
of infrastructure BIM guidelines in Korea
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ABSTRACT: Recent increase in the interest and adoption of BIM for infrastructure projects has created a need for formal BIM guidelines in
the civil engineering domain. Currently a BIM guideline has been developed in Korea exclusively for the road sector. However, the guideline
has gaps in the specification of how BIM models should be generated, managed and applied for maximum effect in projects. This study
reviewed the guidelines and tender documents of Singapore to determine potential improvements to adopt in Korea. Results showed that
Korea's guideline should focus more on process integration as to stipulating BIM deliverables, encourage a common data environment,
clearly distinguish between compulsory and selective BIM applications, and require data and models that can be leveraged in the operation
phase of the facility.
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Table 1. Summary of owner’s BIM guideline for korea’s
road sector

Table of contents Summary

1. General Defines the objective, principles and scope of the guide
requirements Responsibility and rights regarding BIM data

2. BIM procurement | Specifies scope and process for BIM tendering, bid criteria,

standards and contracts
3.BIM Specifies BIM development steps as BIM preparation, BIM
developmentand | development, BIM quality control, BIM deliverables, and

deliverables deliver ables checking

Provides examples of BIM applications for design error
checking, value engineering, equipment simulations, cost
estimating, constructibility evaluation, 4D modeling, design
changes and mock up construction.

4. BIM applications

Table 2. Summary of owner’s BIM execution manual for
korea’s road sector

Table of contents Summary

Provides the objective, and scope of the manual
specifies that it should be used as a follow up to the
owner's BIM guidelines

1. Manual
objectives and use

Specifies the scope and process for BIM tendering, bid
criteria, and contracts referencing the owner's BIM
quidelines

2. BIM procurement
overview

Provide guidance on owner's tasks for BIM development
planning, deliverables documentation and selection of BIM
execution plan template

3. BIM setup and
deliverables

Provides definition and examples of LOD and BIM execution

4. Appendix plan template

Table 3. Summary of Ex—BIM guideline for korea’s road
sector

Table of contents Summary

Provides the objective, and scope of the manual
specifies that it should be used as a follow up to the
owner's BIM guidelines

1. Objectives and
Scope

2.-3 Terminiology, Defines major terminology, namining conventions, and
naming and WBS | WBS

4. Applicable work | Defines which work types to apply BIM, their LOD and data

types and LOD attributes to be included
.5_7' BIM Specifies usage, delivierables, and quality control measures,
deliverables for : ) }
) at the design, construction and operation stages of project
project phases
aj =
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Table 4. Overview of singapore projects used for the
analysis

Project 9061 Galibatu MRT depot | Changi international airport

3.1 BIM 2} ZH| THA|
3.1.1 BM AN 2k
BIM £847A€lM(BIM Execution Plan, BEP)= B

=
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<
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BCAE= ‘BIM Essential Guide for BIM Execution Plan’ (2013)
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28 A(Shop) 2% &) X BIM 2HZRE
TNE et

THHSZ Figure 13t Z0] 1) Y dutF, 2) S8 MY
ANl BIM =H, 3)-4) SEEES ?I2t Al HOxL, 5)
Zh At EOixtel BIM 28 HEH(ZGAt (Authon)EE AFEXE

- STABLING YARD AT GALIBATU - Chanai aimort terminal 5
Ovenview | MRT DEPOT C1oblin
- $410 million
Client - Land transport authority - Changi airport group
BIM BIM requirements (Design) CAG

Document CONTRACT 9061 Fundamental BIM standard

Acronym Project A Project B

Table 5. Organization of content analysis

Content Sub content

BIM execution plan

BIM preparation BIM objective and responsibility matrix

BIM professionals

BIM model standards and types

Project members involved in
g BIM Project Objective B L =i

fulfilling the objective
A-model author; U —model users [N
Arch Struc  MEP PM  Cont-

ractor [

Name of building stage:

General description of BIM in this building stage:

Example:

Detailed Design

More detailed version of a generalized building component or system
with accurate dimensions, shape, location, orientation and quantity.
Non-geometric properties should be provided.

BIM Project Objective: 5
BIM deli to be achieved through this objective: R F R S E——
4 \
Example: 1 on I
13. Maintain and update the Structural Model, based on the latest | U A U U | rerer I
Architectural Model 1 ence ||
+  Design, analysis and detailing 1 ony ||
*  In preparation for regulatory submission N L

= In preparation for tender

Suggested Deliverable
1 it Model nd Caleulation

BIM development BIM element standards
BIM attributes and LOD criteria
Coordination procedure

BIM coordination
BIM software and data exchange format
Reports and data submittals

BIM deliverables
Files and folder structure
Compensation

BIM compensation

Additional services
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Figure 1. BIM objective and responsibility matrix
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Table 6. BIM model types by project stages

Stage Project A Project B
Site model
Conceptual design Massing models

Schematic / Preliminary Arch/Struct. / Civil models

design MEP models Arch/ Struct. / Civil models

MEP models

Arch/ Struct. / Civil models
MEP models
Combined models

Detailed design

Shop / Fabrication models | Coordination models

Construction Combined models Fabrication models
As-Buift models As-Buitt models
Facility management As-Buift models with As-Buift models by
y 9 0&M data specialty
BIM objective & BIM milestones and
Source responsibility matrix performance requirements
(Annex 2) Table (Appendix D)
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Table 7. BIM elements for infrastructure (Project A)

Model/Report Element
Digital terrain model 3D surface based on topography that shows site conditions
(DTM) and building locations
Soil investigation report
I ) .
Geology report (A BIM model is not required)
Uiities model AII points of connection for existing and new utilities within
site boundary
Rainwater & storm .
. For drainage only
water pipe work
Underground public Includes outlets, surface channels, slot channels and
utilities manholes
Drains, canals, crossings, retaining walls, and underground
Others harvesting tanks . ‘
Underground electrical supply cables and sewer lines, IDA
(telecom) line and gas lines.

Table G-1 - Architectural BIM Elements

Element

Site infrastructure within site boundary (roads, pavements, car
park spaces, access and parking arrangements and
surrounding land use)

Street fire hydrant (only indication of locations necessary)
Surface drainage (only indication of locations necessary)
External drainage & underground drainage

Hard landscaped areas within site boundary

Planter boxes including sub-soil drainage systems

Massing of adjacent buildings relevant fo project

Site Model

Figure 2. Site model element specification (Project B)
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Table 8. BIM attributes by project stage (Project A)

Stage Attributes

Conceptual design Dimensions, Area, Volume, Orientation, Coordinates

Schematic / Preliminary | Dimensions, Area, Volume, Orientation, Coordinates
design Quantities

Dimensions, Area, Volume, Orientation, Coordinates

Detailed design Quantities

Dimensions, Area, Volume, Orientation, Coordinates
Construction Quantities
Fabrication parameters

Facility management Data required for O&M

Drainage System (Rain Sump)

Parameters Unit
Motor Power Rating kW
Motor Voltage Rating Vv
Pump Capacity Lis
Pump Total Pressure
Head m
Life Years
Split e.g. T3

Figure 3. BIM attributes for Drainage System (Project B)
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Table 9. Coordination procedures and activities defined
for project A and B

Requirements Project A Project B

Refers to singapore BIM guide

Coordination | agree on cut off dates and fit for Set BIM submission and exchange
procedure | coordination procedures in BEP and | requirements in BEP

BIM objective & responsibility matrix

2D drawings

Coordination | Design coordination and clash
activities | detection

Space validation checks

2D drawings

clash detection(hard/soft/4D
workflow dash)

space validation

Discipling | - chitecture Structure HVAC Plumbing ]

column
. walls

walls

cailing
beams |

windo
ws

Architecture

window | ceiing
s s

colum column
column | g 5
: beams | COMMNS | peams
walls siabs
g |osams [door ] beams
8 Gailing | beams
5 N slabs.
@ slabs | slabs slabs | slabs
HVAC |ceiling | HVAC | column | HVA | venl
T><0 |ducts &|s ducls &|s c ation

Figure 4. A matrix template for clash detection (Project B)



Table 10. Definition of clash types

Types Definition
Hard dash Two components occupying the same physical space.
A component is not provided with the spatial or geometric
Soft clash ) . -
tolerances it requires or its buffer zone is breached.
4D workflow dash Cashes resulting from scheduling dashes of inter-disciplinary

activities
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buildingSMART International(bs)0ilA QIS= ATEQ0] AL
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Infrastructure Design Suite Ultimate’ 0ll 20| &j= BIM AZ
EQINE A EE AS BAISIIL
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Table 11, Software and data exchange format

Table 12. BIM deliverables for project A and B

Stage Project A Project B
BIMBle’\;egEFﬁi\ga:nfEP) BIM execution plan (BEP)
Conceptual design ) BIM objective and

responsibility matrix
feasibility studies

responsibility matrix

Design coordination Cost estimate report
) - report for Arch. /struct. ; )
Schematic / Preliminary disciolines spatial evaluation report
design Pin clash detection report
2D drawings D drawings
BIM based cost estimation 9
Clash detection and

resolution report

Detailed cost estimate

space validation report report
. . BIM based struct. analaysis |  spatial evaluation report
Detaled design MEP analysis clash detection report
BIM based detailed COBie data
estimating and BOQ 2D drawings
2D drawings
Shop drawings Detailed cost Estimate
clash detection and report
resolution report spatial evaluation report
Construction fabrication models clash detection report
2D drawings COBie data
BIM based materials and 2D drawings
quantity schedules LIDAR analysis report

Table 13. BIM deliverables (models, reports and data)

Requirement Project A Definition Engineering Conehiicton
gbXML, CIS/2, o BIM deliverables . Detailed X
Hard dlash LandXML, IFC IFC coordination view (3.8.1) Basic design design Construction
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