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The Conference
Building Information Modelling (BIM) is a very topical issue internationally
in the recent years with the United Kingdom and Singapore Governments
mandating its use for statutory submissions thus boosting a knock-on
effect for its wider use. Although also frequently promoted in Hong Kong
with The Hong Kong Housing Authority planning for its wider use by
2014/2015, the application of BIM to the construction industry in Hong
Kong is still being developed. We all quite know what it can do but most of
us have not actually used it. Both international and local speakers will
come to share with us their experience of how BIM can help us in quantity
surveying, cost, contract and commercial management of construction,
engineering and maintenance projects and facilities, and how BIM may
affect our traditional method of procurement.
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HKIS QUANTITY SURVEYING DIVISION
CHAIRMAN’S MESSAGEġ

It is my great pleasure as the Chairman of the Quantity Surveying Division of the Hong
Kong Institute of Surveyors to welcome you all to the International Quantity Surveying
Building Information Modelling (BIM) Conference 2013 Hong Kong.
As you may note that the United Kingdom and Singapore have recently requested all
statutory submissions to the Local Authorities for approval to use BIM on a mandatory
basis. Last November, the BIM Sub-committee of the Quantity Surveying Division
organized a delegation to attend a conference on BIM in Singapore. By that, members
gained a better understanding of the advancement and widespread use of the
technology in the region. Following the establishment of the BIM Committee at the 17th
Pacific Association of Quantity Surveyors Congress in Xian in May this year, the Council
considered that it was high time that the Hong Kong Institute of Surveyors should
organize an international conference as a platform for members to share the experience
from practitioners, end-users, software developers and researchers on the application
of the technology in quantity surveying particularly on cost, contract and commercial /
management of construction projects.
This international conference has brought into Hong Kong a number of prominent
figures in this specialized area from the Asia Pacific Region to deliver talks for us. With
the concerted effort of the BIM Sub-committee of the Quantity Surveying Divisional
Council, we are proud to announce that this conference is truly the first of its kind to
look at how BIM technology can help the Quantity Surveyors here in Hong Kong.
It is our honour to have the Secretary for Development, Mr. Paul Chan as our Guest of
Honour and the Deputy Director of Housing (Development & Construction) of the Hong
Kong Housing Authority, Ms. Ada Fung as our Keynote Speaker.
I would like to take this opportunity to thank the Guest of Honour, Mr. Paul Chan,
Keynote Speaker, Ms. Ada Fung for joining the conference. My sincere thanks also go to
all sponsors, co-organizer, supporting organizations and speakers for their support to
this conference.
I deeply appreciate the unfailing effort of the Organizing Committee under the
chairmanship of Sr K. C. Tang in organizing such a tremendous event in such a short
period of time without the assistance of professional event organizing company.
Finally may I wish this conference a great success and everyone of you would enjoy a
fruitful exchange of experience and research findings on BIM.
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ORGANIZATION COMMITTEE
CHAIRMAN’S MESSAGEġ

I would like to present my message in an information modelling format:
˗ġ

˗ġ

˗ġ

5ġ

Origin [ Unofficially: This Conference is a continuation of the “SISV Conference
BIM and the QS” organized also on 9th November last year by the Singapore
Institute of Surveyors and Valuers in Singapore. 24 delegates from the Quantity
Surveying Division plus 1 delegate from the Architectural Services Department
attended this Conference. | Relationship: Both Conferences were triggered
through informal discussions at the Pacific Association of Quantity Surveyors
Congress held in July last year in Brunei and in May this year in Xian, China.]
Name [ International: Not just Hong Kong. | QS: Quantity Surveying. Whether
one is a professional quantity surveyor or not, one must get involved in cost and
contract management (the core competencies of quantity surveying) more and
more when one moves up the career ladder. | BIM: A must for now and the future
though the name may evolve to embrace more. | Conference: For us to meet,
talk and share. | 2013: Not just one year. | Hong Kong: This can be substituted
by other places if the torch of organising the conferences is passed on to others.]
Thanks go to [ Co-organizer: Enabling us to use Chiang Chen Studio Theatre at
a very affordable price such that our registration fee can be as low as HK$400 per
seat. | Supporting Organizations: Helping promotion such that about 45% of
the attendees are non-HKIS members. | Guest of Honour: Supporting our drive
to use BIM for Quantity Surveying. | Keynote Speaker: Motivating us the
direction to go BIM. | Speakers: Sharing their knowledge without hesitation,
devoting a lot of time committing the knowledge to text or images, coming a long
way from home if overseas from Australia, Malaysia, Singapore and Sri Lanka, and
making this Conference truly international. | Sponsors: Enabling us to offer free
lunch to all attendees and to publish a beautiful and useful Brochure (including
Proceedings) for further and better dissemination of knowledge. | Attendees:
Comprising not just quantity surveyors but also academics, architects, BIM
consultants, contract managers, contractors, developers, engineers, government
officials, project managers, software vendors, surveyors from other divisions,
suppliers, etc. from Hong Kong, Mainland, Australia, Japan, Macau, Malaysia, etc,
and sacrificing their family time on Saturday if local and over the weekend if
overseas. | Organizing Committee Members: Working enthusiastically to
make it a successful, practical, high quality yet very humble and affordable event.
| Administration Office and Helpers: Working hard to support us all the way
through and after the event.]
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˗ġ
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Wishes [Use BIM: BIM can do a lot for us, but if we just always watch and do not
start using it, we would not gain the benefits. | Push and pull BIM
applications: The present off-the-shelf BIM applications cannot yet serve
everybody’s need. The applications’ development can only move faster and
provide more suitable functions if there are more users using them and making
strong market demand. | Start from small: BIM is being used by affordable
clients on big projects by big contractors, at least in Hong Kong. Coming with BIM
are issues like standardization, coding, collaboration, integration, responsibilities,
liabilities, tendering and contractual arrangements, etc. which may appear to be
intimidating to those yet hesitating to use BIM. The benefits of BIM can in fact be
gained on small projects also. The knowledge can be accumulated and issues
resolved as one moves to bigger and bigger projects. | Fund BIM: BIM
applications off-the-shelf or self-developed are by no means cheap. This poses a
high threshold to entry into the BIM world. The Government should consider
Singapore’s example of providing government funding to help step over the
threshold.
Imagination: Perhaps, like the virtual reality movies, we may not use mouse any
more but use our hand directly to shape and move the virtual building blocks each
loaded with information to build the virtual model on a computer or in a physical
space.
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CONFERENCE PAPER

5D BIM: Creating Cost Certainty and Better Buildings

David Mitchell

AUSTRALIAġ

5D BIM: Creating Cost Certainty and
Better Buildingsġġ
David Mitchellġġġ
5D Quantity Surveyor and Partner
Mitchell Brandtman, Australiaġ

Abstract

DAVID MITCHELLġ

This paper looks critically at where BIM implementation is on the pathway and
sets out the opportunities that arise when 5D (the linking of cost information to
a 3D model) is considered to be more than just a quantity take-off exercise. It
proposes a methodology, from a practitioner’s perspective, for applying 5D BIM
to the design and construction of projects with the goal of delivering better
buildings with cost certainty. A fundamental of the methodology is to use
existing, proven technologies to overcome the problems that exist when the
onus is on the BIM author to code model objects in a fashion that estimators can
understand. The purpose and intention of this paper is to provide context and to
start the discussion on how 5D BIM is applied with a view to developing a
mainstream methodology that can be included within a BIM execution plan for a
project.
Keywords: 5D BIM, Collaboration, Cost Strategy, Living Cost Planning, Lean
Practices.
1.0

INTRODUCTION

To date, a lot of the focus on Building Information Modeling (BIM)
implementation has simply been about design firms learning how parametric 3D
modeling software works. Design firms have been learning about the capabilities
of their chosen BIM authoring tool, gauging the benefits to the firm, achieving a
level of confidence in an isolated way and exploring collaborative work flows
where information is exchanged in two directions.
Working against an even more collaborative approach is a belief that BIM can
only add value to large projects and when Integrated Project Delivery (IPD) is the
preferred delivery system. Whilst integration is the long term outcome, industry
is currently grappling with the issues surrounding collaboration and is now
starting to solve the stumbling blocks of liability, ownership and protection of
data and intellectual property.
The development of BIM guides and execution plans have made it possible to
define expectations and clearly specify design deliverables at the various design
stages. While these developments have been extremely encouraging in the area
of 3D design very little development has happened in the fields of 4D - linking
time and scheduling data, and 5D - linking cost data to the 3D model. For
instance the Veteran’s Affairs (VA) BIM guide simply refers to a “4D BIM phasing plan” and the “discretionary additional use” of “5D - Material take-offs
and cost estimating”.
1ġ

ġ

AUSTRALIAġ

For BIM to be truly successful in providing better buildings then all of the D’s need
to be embraced. This paper will concentrate on 5D and what it can do, so that
open discussion can occur and as an industry we can shift to practicing 5D and
shaping it as a standard practice for the future.
Change and reform in the construction industry is long overdue, the catalysts for
change are here and these will be the accelerators that drive the BIM process to
become the industry norm rather than the exception.
ġ
2.0
CATALYST FOR CHANGE

DAVID MITCHELLġ

The Global Financial Crisis and world events have made development and
construction uncertain. World thinking has changed our behaviours. For the first
time in decades people are saving, credit cards are being avoided and there is a
growing sense of frugality.

ġ

When a consumer decides to spend, it seems that a “saved” dollar is more
valuable than a “borrowed” dollar and that a “saved” dollar won’t be wasted.
Today’s consumers are extremely well researched and won’t be rushed because
there is no compelling reason to buy. There is no fear that prices will rise because
competition is rife, in fact delaying the purchase may mean that the product gets
cheaper.
So it makes sense to take the time, to be certain that the product is reasonably
priced, is of the highest quality and is supported with a strong level of service.
Previously this delay or slowness to purchase was seen as a lack of confidence in
the future – something that will pass but now there is a growing realisation that
structural change is occurring and that these conditions are here to stay. There is
a new paradigm in play.
For the development and construction industry it is particularly difficult to meet
this paradigm because past experience tells us that construction is expensive and
it is uncertain. Often a customer does not really visualise what is being built until
it is built and there is an expectation that there will be delays and cost increases.
Successful building is about creating certainty - in design, buildability and cost.
Wisdom, intelligence and technology can create certainty by getting back to
basics and making grounded decisions based on facts.
3.0

BIM PATHWAY

At present projects can confidently be managed using a staged and independent
process of inputting data into independent models with the parties collaborating
but not integrating to use the software in a beneficial way. For example,
architects can set their design, engineers can create the structural framework and
air-conditioning contractors can submit their components all independent of each
other using different authoring tools. Software, like Navisworks and Solibri, are
then used to bring each model together to deliver a coordinated design.

2ġ
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Andrew Gutteridge worked with the Australian Institute of Architects to champion
the BIM pathway to provide a logical learning curve for the industry to move from
working in isolation to collaboration. The culmination of their work was
production of a diagram: “Towards Integration” (Figure 1), which was later
included within the CRC Construction Innovation publication – “National
Guidelines for Digital Modeling”.ġ

Figure 1: ‘Towards Integration’

Using this diagram as a reference and applying it to the Australian industry, it
was found that the mainstream uses 3D modeling in an isolated way (1B) and
the cutting edge design teams are acting in a collaborative way (2A one-way and
2B two-way collaboration). Rather than spending time judging whether what is
being done now is BIM or not BIM, it is far more important to acknowledge that
industry is practicing and improving and that this is just part of the BIM pathway.
ġ
Industry design professionals are mostly engaged in the use of parametric
modeling in one form or another but sceptics have a lack of trust in the
software’s intelligent design to fully integrate the model for each element.
Construction professionals also perceive a lack of protection of the input of
information and data, if and when it is changed, by who and how it is tracked.
What is important to remember is that even at 2A and B the duties and working
practices for two dimensional work remain the same for three dimensional work.
At this point on the pathway it doesn’t matter how you relate to parties
throughout design, but rather that you do and that the obligations and design
outcomes are clear. ġ

3ġ

AUSTRALIAġ

Development of the BIM Execution Plan
(BEP) has provided this clarity (Figure 2).
The BEP defines the scope of design work,
the Level of Development (LOD) and the
two-way exchange of information for all
parties to the project including the quantity
surveyor (QS), cost engineer or estimator
and can be clearly depicted on three
scales.ġ

Figure 2: BIM Execution Plan Cube ġ

DAVID MITCHELLġ

4.0

ġ

CREATING COST CERTAINTY IN 5D

Developing certainty in cost, design and buildability reduces risk and creates
better projects with sustainable profits. We know that 3D modeling and strong
design coordination creates certainty in what is being built and that the 5th
Dimension, or 5D, is all about cost. While there is considerable discussion and
collaboration between different design partners often 5D is reduced to just the
simple one liner of “Quantity Take Off” and attention is placed on coding by the
designer with an expectation that later the costing process will be made easier.
This approach means that several opportunities are missed:
4.1

The costs are not known until the model reaches LOD 300 or greater.

4.2

The design itself is not tested at an early stage for functional efficiency
or benchmarked against known elemental costs.

4.3

There is no integrated cost plan and the design team is not provided with
real-time cost feedback as the design progresses.

4.4

The costing process is still a separate exercise which is not transparent.

An alternative and better approach is for the cost planner to push accurate cost
codes into the model information and then to extract all of the information that
is needed to complete a thorough cost estimate via a 5D BIM authoring tool. Part
of this approach includes making allowances for work that has not yet or will not
be modeled.
This approach means that all of the “missed opportunities” will be delivered and
the result is a better building because the available money can be targeted at the
most important features of the building design in a transparent way that builds
trust amongst all project partners.

4ġ

5D QS AND COST PLANNER

AUSTRALIAġ

5.0

The modern QS is taking the traditional QS role to the next level, utilising models
to provide detailed and accurate 5D estimates and living cost plans. This
assistance is provided to projects at any phase from concept design through to
construction and completion. The ability to complete a series of estimates for
various designs at the early phase of a project is paramount because this is when
the dye is set, planning evolves and cost overruns are avoided. If the scope of a
project matches the budget at the outset then constant redesign is avoided and
the priority features of the project are included.

DAVID MITCHELLġ

It is well established that early decisions have the highest level of influence on
project outcomes at the least cost. This is because redesign, construction delay
and disruption, change order and rework costs are avoided. The technique is
simple - an estimate is done, then its elemental costs are benchmarked and the
functional performance of the design is analysed and tested against competing
projects. The QS then provides feedback to the concept designers, a new
scheme is produced and the process is completed again. Once the project design
passes this budget test and proving up phase then the Cost Plan is established
for the project and this recipe becomes the basis for managing and monitoring
the fluctuating construction costs during design.
A 5D QS can do this extremely quickly, an endless number of times and in a
complexity of combinations. For a 2D QS this is not possible because project
schedules do not allow enough time for endless manual take-offs. Even if there
was enough time the re-measurement process is too labour intensive to be
viable, the combinations that need to be considered are too complex and there
are too many variables for a QS to complete the required “what if” style
calculations manually.
The traditional process is to complete the design to a particular stage (i.e.
schematic design, developed design etc…) then freeze further design until an
estimate is completed and permission is granted to proceed to the next design
stage. Today there are modern techniques for the 5D QS to use within the
traditional frameworks to set cost strategies and a 5D Cost Plan (or Living Cost
Plan). These techniques can be blended within the traditional design and
construction phases as follows:
6.0

CONCEPT DESIGN

At the feasibility and concept design phase, a cost strategy is set that considers
all aspects of the project, the client’s brief, the designer’s vision and the site
constraints. The strategy is developed after first completing a concept estimate
and then testing its elemental costs by benchmarking and the design efficiency
by analysing its functional performance.

5ġ
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6.1

Initial Concept Estimate – LOD 100

The initial concept estimate is a fast and effective way to determine the cost of
a project and allow decisions to be made quickly and with certainty.
Working with the overall massing model (AIA LOD 100) in Sketchup, Revit or an
IFC format, the 5D QS prepares a concept estimate that is presented in an
elemental format and sets out each elemental unit rate and quantity. It is
understood that not everything is modeled and the 5D QS uses experience to
ensure that the total project is included within the estimate. This is done by
supplementing the model information with 2D on screen measurement where
necessary.
This concept estimate becomes the basis for recompiling the estimate to
consider alternative designs during the proving phase of the concept design.

DAVID MITCHELLġ

6.2

The 5D QS uses cost intelligence from past experience and actual project cost
data to critique, review and compare the elemental costs contained in the initial
concept estimate to other similar or competing projects. This exercise identifies
inefficiencies and highlights opportunities that will benefit the project bottom
line. Cost benchmarking is done on an elemental basis because this provides the
most consistent results; examples of building elements include substructure,
columns, upper floors, staircases, roof, external walls, etc. and are fairly
consistent around the globe. Some of the different elemental formats include
UniFormat II (USA), UniClass (UK) or ACMM (AUS).
By way of example a concept estimate containing a rate of $354.90 per m² for
columns and upper floors would exceed the actual average costs of $279.09 per
m². If the design is made more efficient a cost saving of 3.6% against the
estimated total building rate of $2,078.57 per m² is achieved.
6.3

ġ

Elemental Cost Benchmarking

Analysis of Functional Performance

In a similar fashion the functional performance and efficiency of a building is
analysed against actual project performance data to further identify
inefficiencies and highlight opportunities to create further savings.
In Table 1 below, the example concept design for a planned apartment building
contains 36 apartments with an average area of 168.9 m². This exceeds the
completed project average of 101.9 m². It is also apparent that much of the
inefficiency is occurring within the common spaces and car park areas which are
not income producing. Correction of these inefficiencies would improve the
building cost performance by 20% without effecting the saleable area and
income.

6ġ

Actual Completed Projects (Average)

Residential Area / Unit

98.5m²

65.3m²

Common Area / Unit

30.9m²

11.6m²

Carpark Area / Unit

39.5m²

25.0m²

Building Area / Unit

168.9m²

101.9m²

ġ

ġ

Residential Area / Unit

98.5m²

65.3m²

Balcony Area / Unit

33.5m²

12.9m²

Saleable Area / Unit

132.0m²

78.2m²

AUSTRALIAġ

Planned Project Concept Design

Table 1: Functional Performance Analysis

7.0

DETAILED DESIGN

7.1

DAVID MITCHELLġ

At detailed design, the goal of the 5D QS is to produce a schematic design estimate
with dynamic links to the model information that will form the foundation for the
living cost plan that is used for developed design and bidding. The living cost plan
becomes the basis for providing updated estimates every time the model
information is changed that can be used for forecast final cost, budget variances,
value management, finance, funding and final investment decisions or in
negotiations with a contractor.
Schematic Design – LOD 200

Working with the schematic design model (AIA LOD 200) in Revit or IFC format, the
5D QS prepares a sketch design cost plan that is presented in an elemental format
stating the generic construction materials, finishes and services specifications.
The 5D QS maps the model and adds an elemental pricing code to the model
information. It is helpful if the author has included UniFormat II (USA), UniClass
(UK) or ACMM (AUS) codes in the model information but often it is much quicker
and more accurate if the 5D QS adds the preferred codes for the task.
Dynamic links are then created between the generic architectural and structural
model elements, the 5D QS elemental rate library and the selected project template
that is contained within the 5D BIM authoring tool such as CostX.
It is understood that not everything is modeled and the 5D QS ensures that all of
the work is estimated by supplementing with 2D on screen measurement where
necessary. Trust and transparency is supported by providing a fully functioning and
executable CostX reader version of the sketch design cost plan that is easily
interrogated because of the dynamic links between the models, elemental areas
and rate library. This executable file becomes the basis for the living cost plan which
can be recompiled to consider alternative designs, different construction methods,
materials and generic engineering systems during development of the schematic
design and any time the model information is revised.ġ
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7.2

Developed Design – LOD 300

Working with the developed design model (AIA LOD 300) in Revit or IFC format, the
5D QS prepares developed design cost plans that are presented on a sub-elemental
and trade basis, stating the specific construction materials, finishes and services
specifications. The final estimate states each sub-elemental unit rate and quantity.
At this stage an extra level of costing detail is added to the model information. This
can be done via an instance parameter and then the model is re-mapped where
necessary to create further dynamic links between the specific model assemblies
(including architectural, structural, civil and MEP), the detailed rate library and the
selected project template that is contained within the 5D BIM authoring tool. Again
the model information is supplemented with 2D on screen measurement and the
executable file continues to be the living cost plan. This detailed information can
factor into the different stages of the design and construction process and helps to
consider in detail the labour, materials, equipment, and subcontractor costs for
each building element.
7.3

Coding

Today there are a number of different coding systems in circulation, but there is not
a published industry code that is suitable for becoming a price code which will
automatically link a rate to a specific system or assembly. UniFormat II is one
example and while it is close to achieving this goal it has insufficient levels to
specifically identify the material and fixing condition. For these reasons the 5D QS
uses its own specific code for the material and fixing conditions which is pushed into
a model as an instance parameter.
8.0

QUANTITY TAKE-OFF AND BIDDING

For design, bid, build procurement the rate library is removed from the executable
file so that what remains is a bill of quantities that is easily interrogated by
contractors and subcontractors because the dynamic links allow each quantity to be
viewed in the model. The file is also recompiled in a trade format so that the
quantities reflect the scope for each subcontract. Often the building information
comprises individual models and the 5D QS uses tools like Navisworks and Solibri to
coordinate visually. MEP forms approximately 30% of the total project cost so
special care is needed during this phase to ensure that quantities for mechanical,
electrical, hydraulic, fire and transportation services are actively coordinated with
the building trades.

8ġ

CONSTRUCTION

9.1

Contractors Priced Bill of Quantities – LOD 300

AUSTRALIAġ

9.0

Working with the construction model (AIA LOD 300) in Revit or IFC format, at the
commencement of construction, the 5D QS attaches the contractor’s offered rates
and prices to the executable file. The contractors priced bill of quantities is
presented on a trade and zone basis and states the description for each item
(including the specific construction materials, finishes and services specifications),
the quantity and the offered rate. In some instances re-mapping of the model is
necessary to create further dynamic links between the model zones and specific
assemblies.
9.2

Change Orders, Variations and Payments

9.3

DAVID MITCHELLġ

The dynamic links mean that variations and change orders can be calculated
reliably, easily and quickly every time a change occurs in the model information.
Progress payments are also calculated from the executable file by isolating the
completed zones by trade and recompiling the quantities to produce a progress
payment calculation that is transparent and easily interrogated. During construction
the model will evolve from LOD 300 to LOD 400 as changes occur on site and shop
drawings are developed. The 5D QS continually coordinates the construction model
with the contractors priced bill of quantities and provides cost updates, budget
performance and variances through each stage of construction.
Cost Integrated Construction Model – LOD 400

As construction progresses the model information is changed to produce the
revised documents that are necessary for the construction process – this
information is stored in the Model software. The 5D QS also changes the cost
information to reflect the actual contract sum and any cost adjustments and
payments that occur during construction – this information is stored in the 5D BIM
authoring tool.
9.4

As-Built Cost Data & Facilities Management – LOD 500
ġ

Once validation and synchronization is completed between the as-built (AIA LOD
400 or 500) Model and the FM system, The 5D QS pushes the project as-built cost
data into the Model instance parameters. The as-built cost data packet usually
comprises several different pieces of information including the replacement cost at
the base date, manufacturers expected life for replacement, effective life for
depreciation and estimated running cost for operating budgets. Care is taken to
omit construction costs that will not be incurred again such as demolition of preexisting buildings.
This as-built cost information is then ready to be integrated into the Facility
Maintenance System and FM database for use throughout the life cycle of the
project.

9ġ
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10.0

CONCLUSION

The 5D QS has developed specialist technology skills which compliment traditional
cost planning techniques that set strategies from preliminary designs when plans
evolve and cost overruns are prevented. 5D BIM provides the ability to generate
savings and efficiencies and to drive costs for buildings, infrastructure, heavy
engineering or land development in the direction that is wanted. When negotiating
with contractors and subcontractors the ability to visualise quantities creates trust
and is relied upon.

DAVID MITCHELLġ

5D BIM is here and finally there is traction to make 5D an integral part of the QS tool
kit and every project to create cost certainty. It is one thing to use the technology
but on its own it will not generate the certainty that customer’s desire.
This requires the wisdom and intelligence of a 5D QS and cost planner. So while it’s
the way of the future and a must for all projects going forward, it is critical to work
with people who know what they are doing and know how to leverage it to get the
best results for the building from initial concept through to procurement and ongoing management of post construction.
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Abstract

SUNNY CHOIġ

The demand for adopting BIM for construction projects has increased in the
construction industry in Hong Kong. The Hong Kong Housing Authority (the HA)
has committed to implement BIM in all new housing projects from design stage
by 2014/15. Quantity take-off (QTO) is a pre-requisite for cost estimating and
especially essential for preparing Bills of Quantities for tender. The journey of
developing BIM QTO in the HA started from a research study of integrated 5D
BIM in 2012 for cashflow simulation and interim payment processing, then
accepting a contractor’s innovation proposal to develop 5D model-based quantity
take-off and programme optimization in a public housing project, and currently
in-house staff collaboratively develop Standard Approach of Modelling (SAM) for
concrete, plumbing and drainage works for trial of BIM measurement. Similar
collaboration among different disciplines in the construction industry is required
to develop BIM QTO and SAM simultaneously to sustain the growth of BIM
applications in the QS profession.
Keywords: BIM Quantity Take-off, 5D BIM, HKSMM, Standard Approach of
Modelling, Integrated 5D BIM, Collaboration.
1.

Introduction

ġ

A virtually-built and object-based model created by Building Information
Modelling (BIM) technology allows a rehearsal of the entire construction process
with dimensions. Every element shares spatial relationship with each other.
Architects, engineers, developers and contractors are enjoying benefits brought
to them by the clash-free 3D models. Information extracted from BIM, in
principle, shall be scientific, consistent, organized and reliable. However, the
potential of extracting data from BIM models for quantity take-off, cost
estimating and cost management has not yet been fully explored in Hong Kong.
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2.

Integrated 5D BIM Research Study in Shui Chuen O Phase 1
Project

The Hong Kong Housing Authority (the HA) has committed to implement BIM in
all new housing projects from design stage by 2014/15. Can quantity surveyors
(QSs) realize the benefits of information brought to them by BIM? The HA
foresees BIM’s potential in providing data for measurement and cost estimating.
In early 2012, the HA’s QS launched a research study entitled “5D BIM” in the
Public Housing Development at Sha Tin Area 52 Phase 1 (known as Shui Chuen
O Phase 1) to discover the possibilities of using BIM for construction project cash
flow simulation and interim payment process. 5D BIM means integrating data
from 3D BIM models (including information such as quantity, elemental location
and method of measurement) with construction schedule (the 4th D: time) and
contract pricing (the 5th D: cost) for QS applications.
The project involves construction of five housing blocks with 3,039 domestic
flats; contract value at HK$1.3 billion and foundation works commenced in May
2011. To fit with the site progress, the research study covers four work sections
which are piling, excavation, concrete works (exclude rebar) and underground
drainage. BIM models were created by a BIM consultant based on 2D contract
drawings.

ġ

Fig. 1
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2.1 Integrated 5D
For most conventional 5D BIM methodologies in the industry, offline 5D cash flow
simulation can still be generated by manually linking the separated construction
data sources together. However, the design of construction projects evolves
every day, bringing along tremendous non-value-adding workload to QSs to
manually link up the updated quantities in revised models with the changed
construction schedule and new cost data.
In the research study, a BIM consultant’s proprietary software was used to
integrate isolated quantities, cost, method of measurement, construction
schedule and elemental location. The linkage relationship enables automation in
update of database arising from design changes. The integrated 5D can be
regarded as a single-source database with organized BIM data extracted,
replacing the scattered and separated sheets of drawings, quantities and
schedules.

SUNNY CHOIġ

2.2 Revolutionary Approach to Quantity Measurement
Extraction of quantities is a prerequisite for carrying out cashflow simulation and
interim payment assessment. In the study at Shui Chuen O Phase 1, labels which
contain the newly drafted HA Construction Electronic Measurement Standard
(HACEMS) code were put on every element in the models. The idea is as simple
as shop keepers sticking price tags onto their goods. Information will then be
automatically extracted according to the measurement rules associated with the
code adhered to individual elements and formed a list of Bills of Quantities items
with quantities. This new approach to quantities take-off aims at boosting
efficiency and productivity by automated quantification, increasing accuracy by
reducing data variability and facilitating sharing of data among stakeholders.

ġ

Fig. 2
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In the research study, the quantities extracted from BIM models abide by the
new approach and the quantities from traditional manual measurement are then
put side-by-side for comparison and counter-checking the accuracy of quantities
generated from BIM models. For concrete works, the initial discrepancies by
value were found to be around 10% and which could be improved to about 5%
with some manual adjustments done to suit the latest traditional measurement
rules i.e. the Hong Kong Standard Method of Measurement of Building Works
Fourth Edition (HKSMM4). The contractor of the project found the BIM Quantity
take-off (QTO) can efficiently help extracting quantities of work progress for
interim payment applications.

SUNNY CHOIġ

2.3 Obstacles and Barriers

ġ

BIM QTO for the purpose of measurement is a visionary idea, but there are a few
problems that need to be resolved to achieve the biggest value. First, design
intent and cost data are often separated and isolated in different digital
environments, making it extremely difficult and time consuming to extract and to
link data among all these fragmented data sources. Second, as BIM modelling
platforms are developed at overseas and programmed mainly for design
purpose, the platform’s capability of exporting quantities to follow rulings of the
HKSMM4 has not been considered. Third, some essential measurement
information in models has not been shared out or even cannot be seen. Fourth,
different methods of building up BIM models will lead to completely different sets
of elemental quantities. The extent of adopting BIM in QS applications depends
on how far these major barriers could be broken through.
2.4 Standard Approach of Modelling
To proceed to a more reliable BIM QTO, it is necessary to have a Standard
Approach of Modelling (SAM) which at least covers:
a.
Consistent modelling approach;
b. Identifiable building elements/components; and
c.
Sufficient object information to fit measurement practice.
Discrepancies between BIM QTO and manual measurement will decrease with
further development on the SAM. This starts the journey for BIM QTO.
3.

Model-based Quantity Take-off in Anderson Road Sites A and B
Phases 1 and 2 Project

Integrated Procurement Approach (IPA) contract, a special type of contract of
the HA, allows tenderers to submit innovation proposals in their tenders through
a three-envelope Tendering Mechanism. Non-price score will be given during
tender evaluation for each innovation proposal accepted by the HA. The
Anderson Road Sites A and B Phases 1 and 2 project is a IPA contract and it was
awarded to a contractor who had proposed, among others, the development of
5D model-based QTO and programme optimization by using a US software.

4ġ

HONG KONGġ
Fig. 3

SUNNY CHOIġ

The Anderson Road project has nine housing blocks providing 7146 domestic
flats, contract value HK$4.7 billion and commenced in February 2013. As part of
the contract requirements, the contractor has employed her own architectural
and structural design team and BIM modeller to do the design and model
creation works. With input from contractor’s own QS staff, models have been
created taking into account the measurement rulings in HKSMM4. The first result
on model-based QTO on foundation works was found satisfactory. Though
measurement of foundation works are relatively simple than superstructure
concrete works, it is evident that collaboration among designers, modellers and
QSs are required in the journey of development of BIM QTO.

ġ
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Fig. 4 (Source from Trimble VICO Office)
Revit Scheduling in Hin Tin Street Home Ownership Scheme
(HOS) Development

SUNNY CHOIġ

4.

ġ

Fig. 5
The HA applied BIM as a value management tool for collaborative design
decisions in the Hin Tin Street HOS Development project which will provide about
248 domestic flats. The site has complex ground conditions which demanded
extra staff and time resources in foundation design. To have fast track flat
production to meet the public demand on housing, the design team and BIM
modeller incorporated material cost and construction time parameters into the
design models. Comparison between different design options then could be
easily and readily obtained in real time, which helped to arrive at a quick solution
with a balance of quality, time and life cycle cost.
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To extend the success of BIM application in the project, the HA further launched
a collaboration between QS and the BIM Services Team to review and prepare a
new standard approach of modelling and component library for concrete,
plumbing and drainage works.
4.1 Revit Scheduling for Quantities Extraction
The HA has an inspiration to identify ways for a consistent modelling approach
that would not involve too much additional work to modellers but could facilitate
QS to extract information for measurement purpose. To avoid any constraints
brought by third party software, the scheduling function of Autodesk Revit, which
is the BIM modelling software currently used by the HA, will be used for
quantities extraction.
4.2 Concrete Works QTO
Those QSs with some understanding of the data provided by Revit BIM models
will know that some measurement items in HKSMM4 are not model object, e.g.
formwork cannot be extracted from models. Concrete elements are model object
but the quantity distribution among elements depends on the jointing approach,
e.g. abutting, “join and overlap” and “unjoin and overlap”. Some dimensions
cannot be extracted directly, e.g. depth and breadth of beam, width of column.
The start point is to determine the jointing method of the basic elements and
create necessary components, and then QS has to identify the gap of extracted
quantities with HKSMM4 measurement rules and make corresponding
adjustments. The latter step is tedious.
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4.3 Plumbing and Drainage Works QTO
The 3D visualization of plumbing and drainage routings helps taker-off a lot in
interpreting the routing of pipework. Length of pipes and number of fittings are
readily available from BIM models. However, there is a demand on naming
consistency of the pipework systems, and a need to measure the short length
engaged by fittings to comply with the HKSMM4 rulings. Pipes fixed to wall,
ceiling or laid on slab will not be separately modelled but QS, if allowed, can add
code to filter out different locations of pipeworks.
4.4 The draft SAM is going to be tested in the Hin Tin Street project which will
be tendered out in early 2014.
5.

The Next Place for the Journey

SUNNY CHOIġ

5.1 What should come first – BIM QTO or SAM?

ġ

Do we need a BIM QTO to pull for a SAM or a SAM to push for a BIM QTO? In
Hong Kong, both are not yet ready at the moment. Individual BIM QTO may
have been developed by contractor(s) to suit the context of their business. It is
not uncommon to find different modelling approaches being applied in the same
BIM model. Both practice and standard have to be developed in parallel.
5.2 Collaboration Comes After BIM
During the previous journey, it has been found that QS input is still required in
the measurement step. Under the BIM environment, QS is not only just doing
extraction of quantities but can input some sort of “QS code” in BIM models to
increase efficiency of extraction. Is QS allowed to do so? It is subject to the
growth of technology, and collaboration with designers and modellers.
As I have advocated in the Autodesk Industry Advisory Board BIM Conference
2012, Collaboration comes after BIM. While modellers are developing their
modelling standard, they can take into account QSs’ requests. QSs need to find
their own way to do necessary adjustments on the extracted quantities from BIM
models. QSs also need to identify rooms for simplification in the measurement
rules. Changes in measurement rules will affect item coverage and contractors’
views have to be sought.
The journey of development of BIM QTO will continue; collaboration among
different disciplines in the construction industry is required to develop BIM QTO
and SAM simultaneously to sustain the growth of BIM applications in the QS
profession.
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David Fung has over 20 years of architectural experience in Australia and Hong
Kong since graduating from University 1993. After obtaining his HKIA and RAIA,
and whilst working in Sydney Australia as an architect, David also completed his
Master degree in Project Management.

DAVID FUNGġ

With Particular interest in the application of I.T. technology in architectural
practice, he has been at the frontier of the latest technological applications. He
has been using Building Information Modelling technology for 14 years and
applied this state-of-the-art technology into the building design, documentation
and co-ordination, construction and Facility Management, establishing the most
efficient way of working practices. David was the Vice President of Hong Kong
Institute of Building Information Modelling (HKIBIM, formed 2008) promoting
BIM in Hong Kong. He was a member of Hong Kong government’s CAD Standard
for Works Projects (CSWP) Working Committee, HKIA’s I.T. Committee, HKIA's
Board of Practices, and the past Chairman of the Autodesk’s Industry Advisory
Board.
His BIM projects include residential towers, houses, offices, shopping centres,
churches, universities, logistic centre, train stations/ depots, internal fitting outs
and even furniture. His BIM team won the Hong Kong BIM and International
Revit Experience Award in 2007 and HK BIM Award 2009. In 2011, he led a team
and won the Singapore's International BIM Competition and was awarded the
Most Outstanding BIM Design.
He teaches BIM technology in different universities in Hong Kong, China and
overseas such as HKU, PolyU, HKUSPACE, Chu Hai College, Tianjin and TsingHua
University. He led internal BIM training to architects and designers. He was also
speaker for various BIM forums and conferences to different professional
institutions in Hong Kong, Shanghai, Tianjin, Shenzhen, Beijing, Guangzhou,
Tokyo and Seoul.
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Background
The awareness of using building information modeling (BIM) for quantity surveying
(QS), i.e., 5D-BIM (QS and Estimation) has been rapidly increasing in Hong Kong.
With reference to QSD Chairman’s message published in the Surveyors Times, BIM
has emerged in the last few years as an ever-hotter topic around the world. The
Hong Kong Institute of Surveyors (HKIS) has already set up a BIM sub-committee
to foster knowledge exchange between its members.
Application of BIM is a definite trend that QS professionals should start to learn and
use now in order to gain the best benefit out of it. It would move on to focus on how
to actually use and tap the greatest potential out of BIM.
To promote the use of BIM by Hong Kong QS professionals, it is necessary to gain
a better understanding of BIM use in QS through studying actual experience of 5D
-BIM implementations on projects. In this way, past experience can be learned and
passed on to 5D-BIM implementations on future projects. ġ
Objectives
Through case studies and interviews with professionals engaged in 5D-BIM, this
paper attempts to:
(1) To illustrate qualitatively why, when, for whom, at what level of detail, with
which tools, and how a BIM implementation for quantity surveying was done
on a project;
(2) To explore the important drivers and obstacles that shape BIM implementations for quantity surveying;
(3) To compare the current use of 5D-BIM in Hong with that in the Mainland
China.
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A

1.0 Case 1: 5D-BIM (QS and estimation) from the Perspective of Client
The Hong Kong Housing Authority (HA) is the main provider of public housing in
Hong Kong. HA has adopted BIM since 2006. Up to now, BIM has been used for 3D
visualization, clash detection, and 4D simulation. The success and future plans
prompted the Housing Authority’s Quantity Surveying Section to investigate using
BIM to generate detailed quantity takeoff.
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1.1

ġ

5D-BIM Implementations in Hong Kong

Why (Modeling Purpose)

Housing Authority’s QS Section started the experiment of 5D-BIM in a new public
rental housing development in Shui Chuen O Phase 1 in Shatin of Hong Kong. On
this project, one team was working on BIM related issues; the other team was the
project QS team. For the BIM team, the major scope of study was to use BIM for
cash flow forecast and payment simulation. The bi-product during the process of
study was the identification of problems with the current modeling approach.
1.2

When (Timing of Modeling)

In this R&D project, the BIM consultant created the building information model
during the construction stage.
1.3

Whom (Stakeholder Involvement)

The Housing Authority decided to undertake 5D-BIM R&D project in partnership
with the general contractor (GC) China State Construction Engineering (Hong
Kong) Ltd. and the BIM consultant isBIM Limited. The BIM consultant for the project was employed by the GC. HA issued a variation order (VO) to the GC to carry
out cash flow forecast and payment simulation by using BIM model data.ġ
Within the Housing Authority’s QS Section, there were five people involved in the
5D-BIM R&D project, including one senior QS, one QS, and three technical staff. For
the BIM consultant, there were three people involved – two responsible for creating
models, and one for quantity takeoff and cost estimation.
1.4

What (Modeled Scope and Level of Detail)

The BIM model covered four work trades that are piling, excavation, concrete
works and underground drainage. ġ The reason is that the four trades are the first
few steps of the construction process even though concrete works are difficult to
model and measure through BIM.ġ
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1.5 Which Tools (Modeling Software)
Although 5D-BIM software companies such as Exactal, Vico, and RIB provide good
functions with feasibility study, tender preparation, QTO module, etc, one
challenge is how to be localized and consistent with the Hong Kong Standard
Method of Measurement of Building Works (HKSMM).
The BIM consultant developed a plug-in. The BIM consultant just created material
takeoffs in Revit and then handed it off to the cost estimator.
1.6 How (Workflow)
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Firstly, when the BIM consultant received the 2D drawings, they subsequently built
BIM in Revit. When building the Revit 3D model, the BIM consultant put down their
methodology of creating the model for the four work trades, coupled with
standardized guidelines based on the HKSMM, to assist quantity surveyors to
extract quantities data from BIM models. One of the challenges in extracting
quantities is the requirement to follow the measurement rules in HKSMM. Part of
the integration includes a reconstitution of the building data within the costing
solution – linking cost geometry, attributes, and pricing. Another challenge is that
different methods of building up BIM models will give out different quantities.
The BIM team in HA QS section had to find out the discrepancies between BIM
measurement and manual measurement and identify ways to minimize the
discrepancies as far as possible. The BIM team found this task was the most painful
during the whole process.
Due to the lack of experience, the BIM team was not checking the model. They
were just checking the quantities from BIM measurement. The adjustments made
to fit HKSMM are still being pursued and no perfectness can be achieved at the
moment.
2.0 Case 2: 5D-BIM (QS and estimation) from the Perspective of a
Contractor
ġ

2.1 Why (Modeling Purpose)
The contractor started to implement BIM initially because of the client requirement.
Another reason was that the complicated steel structure on their project could not
be built without BIM.
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2.2 When (Timing of Modeling)
The contractor first thought that BIM could be built before the stage of construction
drawings, but later found that what they expected was hard to be realized on an
IPA project since the design was changing all the time.
2.3 Whom (Stakeholder Involvement)
The basic BIM requirement in the contract was to have 1 BIM manager and 4
Modelers. The modeling work was outsourced to a BIM consultant. For 5D BIM,
there was no specific requirement. 2 QS, bunches of engineers, and a BIM adviser
were involved in using BIM for cost estimating.

JU GAO, RONG ZHANG, YUANYUAN HUAġ

2.4 What (Modeled Scope and Level of Detail)
The level of detail (LOD) of model evolved as the project progressed. For example,
during the tender stage, BIM was built on LOD 100 (a mass and form concept
model for the purpose of pricing); and between tendering and construction stage,
BIM was built on LOD 200 with all the major systems modeled.
2.5 Which Tools (Modeling Software)
The contractor chose Vico as the 5D BIM software because Vico provides both
quantity takeoff and scheduling functions. The contractor also expected to take
advantage of quantity takeoff from BIM for the purpose of project schedule planning so that GC and subs could work together to evaluate what-if scenarios and
determine the best solution.
On this project, the way of getting quantities and material definitions out of a
building information model into a cost estimating system was through “Application
Programming Interface” (API) to estimating program. This approach uses a direct
link between the costing system and Revit. From within Revit, the BIM consultant
exported the building model using the costing program’s data format and sent it to
the estimator, who then opened it with the costing solution to begin the costing
process.

ġ
2.6 How (Workflow)
To facilitate faster and more accurate cost estimation, the QS from the contractor
has developed standard modeling guidelines based on AIA. The standard modeling
guidelines specifies how the model should be built so as to suit for the cost
breakdown structure. The BIM consultant built BIM in Revit following the contractor’s standard modeling guidelines and then published Revit models to Vico
Office. Vico Office Takeoff Manager generated construction-caliber quantities.
By combining model-derived quantities with the Vico Standard 5D Library (a
standard collection of values such as average productivity rates by trade and
standard formulas for deriving labor and material resource requirements), the
contractor was able to automatically calculate costs for project estimates.
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3.0 Motivators and Obstacles of 5D-BIM Implementations in Hong
Kong
3.1 Motivators
5D-BIM implementations can take many approaches but AEC professionals’
motivation is key to how successful the implementation is. One motivator is that
AEC professionals are trying to keep up or respond to a mandate requiring BIM
(client’s requirements). Besides that, some AEC professionals are self-motivated.
They are implementing 5D-BIM because they want to get rough and quick cost
estimations from BIM as well as quickly update cost variations
3.2 Obstacles
Inconsistency with current HKSMM
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(a)

Often architects and structural engineers will not consider the requirement of
HKSMM when they design in BIM. The differences between the way of creating BIM
and the way of calculating quantities lead to data discrepancy.
(b)

Lack of Standard Approach to Modeling (SAM)

Often different modelers will create BIM in their own way. Only after BIM is created
with a standard modeling approach that is consistent with the requirements of
HKSMM, contractors can use BIM for quantity takeoff and sub-contracting and
clients can use the same BIM for measurement and tendering.
(c)

Interest conflicts between QS and its upstream partners

Due to the current industry practice, architects and engineers (or modelers) seldom
take into account of the advice and comments from QS professionals when they
start BIM. The reason is that architects and engineers (modelers) think it would
take more time and effort to build BIM if following the standard approach to
modeling (SAM). Hence, the development of SAM should avoid adding workload to
upstream partners.
ġ
(d)

Human resource problem

It is rare to find people who could master both BIM and QS in Hong Kong. QS
professionals often do not have experiences in modeling and feel difficult to
understand BIM software. Meanwhile, architects who can design with BIM are few
in Hong Kong. Most architects produce 2D drawing instead of BIM. In addition,
architects know little about QTO. Hence, they have difficulties to take HKSMM’s
requirements into consideration when creating BIM.
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B

5D-BIM Implementations in Mainland China

Only until recently, foreign software companies have little market share in the area
of cost estimation in Mainland China. The difficulty lies in localization. In Mainland
China, different provinces have different standards for construction cost estimation. In January 2013, a new standard was announced by the Ministry of Housing
and Urban-Rural Development of People’s Republic of China (MOHURD).
Around 50% of quantity surveyors in Mainland China use specialized QS software to
do quantity takeoff. As early as 2000, 3D model based quantity takeoff has come
out. With the development of BIM technology, R&D construction projects trying
BIM based cost management have emerged in Mainland China.

JU GAO, RONG ZHANG, YUANYUAN HUAġ

1.1 When (Timing of Modeling)

ġ

Most of the projects in Mainland China use the traditional design-bid-build contract.
BIM is often built after the tender is awarded. BIM is built not only for quantity
takeoff but also for 4D simulation and other purposes.
1.2 Whom (Stakeholder Involvement)
Unlike Hong Kong, government is not the initiator in implementing BIM. Often it is
those major general contractors who initiate the experiments with 5D-BIM. They
carry out 5D-BIM R&D on their own projects, such as residential projects and institutional buildings.
There are two different kinds of parties taking the role of BIM modelers. One is
called general BIM consultants including independent BIM consultants, design
firms, and software companies. Often BIM consultants will create BIM and software
companies give advice on how to build the model for the purpose of 5D-BIM. The
second kind is in-house BIM team inside of a client’s or a contractor’s organization.
1.3 What (Modeled Scope and Level of Detail)
Most of the architecture models and structural models are built with BIM platform.
90% of quantity takeoff for architecture and structure can be realized by the approach of 5D-BIM. However, only 20%-30% of MEP components needed for
quantity takeoff can be reflected in current models. This is because many small
MEP components such as certain pipelines are not modeled.
1.4 Which Tools (Modeling Software)
Glodon and Luban are the two primary domestic 5D-BIM software companies in
Mainland China. Glodon have developed 5D-BIM software such as architecture and
structure software GAS2011 as well as mechanical and electrical software
GME2011. Luban has developed Project Data Providing Services (PDPS) based on
BIM technology.
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1.5 How (Workflow)
(a)

Traditional workflow

Traditional QTO software will recognize 2D CAD drawings and provide one-stop
solution from quantity takeoff to cost estimation. The outcome of quantity takeoff
is presented in Excel format. There are different QS standards in different province
in Mainland China. Software companies have localized their QTO software so as to
suit the QS standards at the provincial level.
(b)

5D-BIM workflow
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There are two approaches to BIM-based QS. The first is to add required information
for cost estimation into the model; the second is to extract cost-related data from
BIM to existing cost management system. Table 2 compares the advantages and
disadvantages of the two approaches.
Currently, BIM-based QS will not get started until the construction stage. Models
built before the construction stage often will not take the requirements of QS into
consideration. Due to this constraint, BIM consultants have to rely on the second
approach. Take Glodon for example, they first converted a Revit model into Glodon
QS software and then revised the model within their software. The following
process for quantity takeoff and cost estimation is the same as the traditional
workflow.
Table 1: Pros and cons of two approaches to BIM-based cost management
Approach

Advantages
Information highly

Cost will automatically
Adding required information change after design is
for cost estimation into the changed
model
ġ
Extracting cost-related data
relating to cost management
Easy to realize
from BIM model to existing
cost management system

Disadvantages
Large size of BIM
High hardware
requirements
High coordination
requirements among
designer, contractor, and
quantity surveyor

ġ

Cost cannot be
automatically changed
following design changes.
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2.0 Obstacles of 5D-BIM Implementations in Mainland China
Besides quantity and unit price, other factors (e.g., construction method,
construction procedure, site constrains, etc.) also affect cost estimation. At the
current stage, BIM is created without reflecting the appropriate information related
to these factors. Moreover, many AEC professionals in Mainland China have not
gained sufficient insights into how to implement 5D-BIM beyond using it merely for
fancy presentation. The last but not least, a standard on material coding has not
been in place yet.

JU GAO, RONG ZHANG, YUANYUAN HUAġ

3.0 The Way forward for 5D-BIM Implementations in Mainland China

ġ

AEC practitioners in Mainland China have identified the need to integrate BIM with
corporate ERP system. So far three companies (i.e., Beijing Jianyi Group, Luban
Software, and Yongyou Enterprise Management Software) have made an alliance
to develop a whole lifecycle BIM-based project data services system. They are
developing data exchange standards to convert data from Luban QS software into
Yongyou ERP system. They will test the system on pilot projects provided by Beijing
Jianyi Group. In addition, the alliance plans to develop cloud-based database in the
coming 2014.
C

Conclusions

Comparing 5D-BIM implementations in Hong Kong and Mainland China, we found
out that both HK and Mainland China are in the early stage of using BIM for QS. Not
many projects have experimented with 5D-BIM. The early adopters in Hong Kong
are the HA and contractors working for the government client. The early adopters
in Mainland China are major general contractors.
5D-BIM implementations in both Hong Kong and Mainland China are technologydriven. That is to say, 5D-BIM tools are customized to the needs of the local
projects without little disruption of existing work practices. Without the need to
implement cumbersome work process changes, resistance to change, can be
circumvented (Hartmann 2012).
On the other hand, the current 5D-BIM implementations seem not very effective.
Implementing 5D-BIM effectively does not only require learning new software
applications, but also how to reinvent the workflow, how to train staff and assign
responsibilities, and changing the way of modeling the construction (Bernstein and
Pittman 2004, Eastman et al. 2008). Arayici suggests that project teams need to
align their work processes to the new “collaborative and integrated ways of
working” that BIM based tools require (Arayici et al. 2011).
5D-BIM implementations in both Hong Kong and Mainland China have much
depended on the BIM consultants who are good at modeling but lack experience in
constructability and coordination, quantity takeoff and estimating, and scheduling
planning and production control. Clients, contractors, and QS professionals need to
control the quality of the effort and cannot push much of the BIM contract
requirements down to the BIM consultants.
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D

Recommendations for 5D-BIM Implementations in Hong Kong

1.0 Standard Approach to Modeling (SAM)
QS and their upstream partners such as architects and engineers need to reach an
agreement on what standards to follow so as to creating a model consistent with
HKSMM. HKIS, clients, architects, contactors, and modelers should be involved into
the formulation of SAM. Rules in SAM should not increase too much workload for
architects (modelers).
2.0 BIM design
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The ideal approach is to create BIM and directly produce 2D drawings based on
BIM. In this way, 2D drawings are consistent with BIM and there will be no
discrepancy. This requires architects to develop the capacity to design in BIM
environment.
3.0 BIM at early stage
The earlier BIM is implemented, the more benefits will a project receive. If BIM is
implemented during early design stage, it will definitely help improve the quanlity of
design.
E

Recommendations for 5D-BIM Implementations in Mainland China

If QS professionals would participate in the process of creating BIM models,
defining component properties, the time needed for adjusting models to suit
quantity takeoff will be largely reduced.

ġ
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ABSTRACT
Building Information Modelling (BIM) is a well-known concept throughout the
AEC industries and its potential benefits are enormous throughout the whole
project stage. BIM can automatically generate necessary take-offs,
measurement and counts from the object itself. More accurate quantity of
models will give a much better result in cost estimating. However, the reliability
of BIM measurement still depends on the accuracy and completeness of 3D BIM
model which is often characterized with the minimal data. Therefore, it is crucial
for QS to understand the methodology of extracting data or information from
BIM models for providing more accurate quantities and subsequent the cost
reports.
This paper presents an overview of 5D BIM estimating software – CostX® and an
investigation of different methods for pulling out the information from 3D BIM
models. In addition, it presents the procedure of adding more information to BIM
models for better cost analysis.
To conduct the research, we use CostX ® software to demonstrate the QTO and
costing process: (1) How the QS adds extra parameters (ie. User-Defined
Properties) within the CostX® to store information for generation of cost reports,
(2) How the QS can utilize the information stored in the Revit Model, (3) How the
QS can conduct quick cross-check such that the information is correct and
accurate enough for cost estimating or measurement purposes.
Keywords: BIM – Building Information Modelling, Estimating Software,
QTO – Quantity Take-Off, QS – Quantity Surveyor, SMM –
Standard Method of Measurement
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1.

Introduction

The measurement process – taking off – in the traditional Quantity Surveying
practice is very time-consuming and a large amount of human errors is always
experienced. In the past, many software applications have developed various
kinds of methods and tools to automate the taking off procedures to increase the
productivity and competition for quantity surveyors and estimators in the
industry.
The evolution of Building Information Modelling (BIM) is not only to revolute the
architects or designers in the architectural profession and the construction
industry. It is also to do the same for other key players including quantity
surveyors. BIM contains valuable information (for example, dimension, type,
constraint and so on) which can provide ability to generate quantities
automatically from the model and data captured within the model. Therefore,
QS’s awareness of this new technology is important for adapting themselves to
the changing circumstances.
As mentioned by Lovegrove (2013), cost estimating is yet another aspect of the
building process that can benefit from computable building information.
Traditionally, architects are responsible for the design of buildings whereas QS or
estimators are to assess the cost to build after the initial design is completed by
the architect. By utilizing the information from BIM, most of the measured
quantities can be generated directly the underlying model.
Although BIM can bring many benefits to QS, there are still many obstacles that
need to be considered and overcome. Efficient production of cost reports often
hinges on relevant codings to be inserted into the 3D BIM models beforehand. As
mentioned by Mitchell (2012), this process normally requires the wisdom and
intelligence of a 5D QS and cost planner.
This technical paper firstly presents the potential benefits and advantages in BIM
-based measurement. Secondly, it describes the methodology of utilizing the
existing BIM data for both the measurement and estimating purposes. Thirdly, it
proposes the workflow for QS to insert additional information or criteria (for
example, User-Defined Properties, QSID, SMM adjustment and so on) into BIM
models for enhancing the overall productivity of cost report generation.

2.

New Estimating Approach for BIMġ

Design a building is the traditional role of architects whereas assessing the cost
to build remains on QS or estimators. Quantity Surveyor is responsible for the
management of costs through the whole of the project and is involved from the
feasibility and design stage up to the completion of project and can have
responsibilities such as calculating replacement cost or estimation for facility
management after construction.ġġ
ġ
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In the 21st Century, we have seen a paradigm shift toward to use BIM technology
for building design, construction and operation. However, 3D modelling software
which supports BIM is commonly used for design but not for estimating and
measurement purposes. Therefore, it is important to develop 5D software that
is compatible to BIM technology and can be used in an interoperable
environment where different file formats and data are shared seamlessly
amongst the construction team. In addition, the BIM quantities can import as
much data from building components as possible into a user-friendly
environment interface. Furthermore, the quantities can be revised as the
revision happens. Thus the additional costs can readily be found and the
difference in terms of scope of works can be viewed in a short time.

KEN LEUNGġ

As BIM gains more and more importance in the construction industry, the cost
estimating and measurement process will need to integrate with the
collaborative model based working environment. CostX® is one of 5D BIM
estimating software and has many abilities and features to support the BIM
measurement and estimating for the future. At the pivotal point for QS
profession, it supports and promotes cost management as an integral part of the
BIM process because professional advice is always asked to analyze and
interpret cost data in preference to the raw output from any software program,
no matter how sophisticated. The sequential nature of design will always mean
that early models will lack details and definition.
Those “design intent” models provide opportunities for collaboration and
analysis, testing and validation but are insufficient for construction, forming the
basis of a comprehensive costing exercise. Hence, as with traditional costing
procedures, the skill and experience of the estimator will be required to fill in the
gaps (Lovegrove 2013).
The application of BIM in the measurement or estimating process is called “5D
BIM”. Automated generation of quantities provides a faster and more accurate
tool to analyse data and provides better advice. This enables real-time option
modelling and facilitates scenario testing to explore ways to improve building
design, efficiency, performance and cost (Lovegrove 2013). 5D estimating
software allows clients, designers, cost planners and estimators to collaborate
and explore opportunities with the aim of eliminating risk, reducing costs and
producing better buildings.
Exactal provides CostX® as part of a range of powerful CAD and BIM enabled
estimating tools. Based on fast and extremely simple extraction of cost geometry
and building dimensions from CAD files by non-CAD users, with optional linkage
to rate libraries, CostX® allows users to provide instant itemized budgets or
valuations for proposed buildings at any stage of the design process and,
crucially, allow the user to easily identify changes and re-calculate when
revisions are made.

3ġ
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QSID Parameter

All the objects in the BIM model can be assigned with QSID parameter. Values
for the QSID parameter can be based on the Standard Method of Measurement
or Elemental Standard Form of Cost Analysis from the local countries.
In order to sort and categorize the elements that are suitable for use by Quantity
Surveyors in production of costing reports, an appropriate coding system should
be properly assigned at the beginning stage for each project. One of the
examples is from Architectural Services Department of Hong Kong.
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3.0

Table 1: Standard Coding for Building Elements and Sub-Elements from ASD

With the User-Defined properties, function has successfully built into CostX®
software, after which QS should be able to insert and to sort the QSID coding for
each object inside the BIM drawing.
ġ
This powerful feature enables QS to put additional data into the BIM Properties
Schedule, which will attach to the corresponding object within the model. The
data can then be used for measurement purposes as part of the normal CostX®
BIM workflow via CostX® BIM Templates, Model Maps and object-based
Dimension Groups etc.
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Example shared parameter called QSID to categorize quantities into building elements

4.0 Shared Parameters in DWF™ or DWFX™ Model
It is discovered that not all parameters can be written into the DWF file.
Therefore, it is recommended to export the information via Instance Type of
parameters.
When exporting extra parameters to DWF ™ or DWFx ™, dimension parameters
(eg. Beam Depth, Beam Width, Slab thickness, Reo Rates) and text format
parameters (eg. QSID, Level/Zone, Concrete Strength) can be added into the
model.
1.
2.
3.
4.
5.
6.
7.

QSID
Level/Zone
Concrete Strength
Reo Rates
Beam Depth
Beam Width
Slab thickness
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Figure 2
The QSID parameter contains coding based on Standard Method of
Measurement for Building Elements from Architectural Services Department or
BQ item descriptions from the Standard Method of Measurement of local
countries.

5.0 Other Shared Parameters Examples
The following examples are all taken from the BIM model in which the designer
has added the following Shared Parameters based on advice from the QS:
ġ

˗ġ
˗ġ
˗

˗ġ
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A building level or zoning can be categorized by location.
A concrete strength can be categorized by concrete strength
A reinforcement ratio (Reo Rate) can be added into BIM model for
calculation of approximate reinforcement tonnage.
Additional estimate items such as formwork can be worked out by using the
Model Map of CostX ®.

HONG KONGġ

ġ
ġ
ġ

Figure 3
Objective Properties viewed in CostX ®
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Figure 4
Column Formwork derived from length
dimension in Cost®

ġ

ġ
ġ
Figure 5
3D View of 800 x 200mm Column

Figure 6
Volume of concrete and weight of
reinforcement steel grouped by CostX®
into the Elemental format
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Furthermore, it is possible for QS to use CostX®’s User-Defined Properties
function in combination with the Rate Library to automatically generate a priced
estimate complete with the necessary item descriptions.
Simply by adding the relevant cost codes as User-Defined Properties into the BIM
model, CostX® is able to co-ordinate the Rate Libraries with model object
libraries to achieve a high level of automation to the process of generating
comprehensive and fully priced Bills of Quantities or Cost Estimates from the BIM
models.
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6.0 Cost Coding a BIM Model

Figure 7
Cost Codes from the Rate Library to locate the BIM Schedule against the relevant objects in
the 3D BIM model.
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Figure 8
Example of inserting Cost Code and QSID parameters in Excel®
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Figure 9
Examples of User-Defined Properties data might include elemental or trade coding, additional
dimensions, formula calculations, life-cycle data etc.

Figure 9
Using the Rate Description for
automatic pricing in Workbook

Figure 10
Example of Rate Library’s buildup in CostX®

ġ

Figure 10 - Example of CostX’s Cost Report – 3D Cost Plan (Final)
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7.0 Conclusion
The intention of this paper is to demonstrate the method of efficiently using 3D
BIM model to produce the necessary cost reports for QS. It is generally accepted
that the automation of Bills of Quantities can significantly reduce errors and
misunderstanding evolved in the design changes. This can leave QS with more
time for better and more important tasks, eg. analysis, interpretation and
organization of data into a logical, consistent and cognizant format, shifting the
traditional role of costing a design to designing to a cost.
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In the past, some of QS firms implemented new technology for improvement of
their workflow and productivity. However, one of the major obstacles is the
organizational change from the introduction of new technology. The transition
period from traditional method to new BIM technology will not come without the
necessary challenges and commitments.

ġ

It is indicated by Lovegrove (2013) that the key opportunities only exist to exploit
new technology to up-skill staff, re-engineer workflows to improve the
effectiveness of existing services, and create additional service offerings etc. The
first mover advantage lies in commercial positioning. Being first to the leverage,
the BIM advantage to enhance the range and effectiveness of client services will
differentiate the CostX® users from their competitors and provide a platform for
a new phase of growth.
From a cost efficient point of view, central to any BIM strategy is an emphasis on
value for money, standards, cost benchmarking and sustainability (Lovegrove
2013). 5D BIM solution doesn’t mean that it can generate automatic cost reports
but can offer significant advantages over traditional drawing-based manual
taking-off process.
From the above examples, CostX® demonstrates the capabilities of improving
the workflow by generating cost reports and the process of extracting BIM
quantities in different methods. Therefore, addition of extra information (eg.
QSID or User-defined Properties) into BIM models is an important technique and
very critical to QS for successful implementation of BIM into their workflow. As a
result, it can improve the efficiency of producing the cost reports either in the
Bills of Quantities or Cost Planning formats.
The estimating software examples shown in this paper are of a product called
CostX ® produced by a company called Exactal. For further information please
refer to the website www.exactal.com.
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A shared parameter file in Revit® is set up, enabling extra parameters to be
added into the BIM model.

KEN LEUNGġ

HONG KONGġ

APPENDIX I - CASE STUDY OF STRUCTURAL BIM MODEL

Figure 11
3D View of Structural Model (Dwfx format)

ġ

Figure 12

Object Properties display information of “Beam Width, Beam Height and Slab
thickness in CostX ®
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Figure 13
Beam Side and Soffit Formwork derived from Beam Width, Beam Height, Slab
thickness and Cut length dimensions in CostX ®

Figure 14
Quantities in CostX ® by SMM format

Figure 15
Breakdown for “Quantity of
Formwork”
ġ
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Figure 16
Display of “Formwork Area” for M_Concrete-Rectangular Beam size of
400x800mm under the transparent view.

ġ

Figure 17
Standard SMM Descriptions in CostX®’s Phraseologies Library
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Figure 18
Drag and Drop the SMM standard description into Workbook

Figure 19
Associated costs built-into the SMM Workbook
ġ
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Abstract

FRANCIS LEUNGġ

Building Information Modelling technology has been rapidly developing in the
past decade. In the recent years, BIM is widely adopted in design, construction
and project management. Details of BIM reach the level that it is basically a
replicate of the building in the computer. Although the primary objective of BIM
is to assist in the design and coordination, the completeness of BIM model can
give out quantities. However, quantities from BIM are rarely taken as the key
output from BIM although technically it is feasible.
To give out trustworthy quantities, BIM models must be complete and credible in
terms of the agreement with the design and drawings. BIM modelling method
should follow a standard that can produce accurate results in quantities. BIM
quantities output should be traceable such that results can be checked. The
relation of BIM quantities in accordance with SMM should be clearly stated such
that the user and the industry know the implication of the results. Under the
current BIM environment in Hong Kong, are there any challenges that the
requirements cannot be achieved?
For the latest development of BIM and based on a correct modelling method,
most BIM quantities can be taken out with high accuracy. The paper will
elaborate the process, results and limitation of simple BIM quantities take-off
without using proprietary software.

1ġ
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Building Information Modelling (BIM) is getting
popular in building projects. More projects go
BIM by clients, consultants or contractors'
initiatives. Although there are various BIM
objectives, Quantity Take-off (QTO) from BIM is
rarely the objective expected. Instead, Spatial
Management, Design Coordination and the
ultimate
goal
of Building Information
Management are the primary objectives chosen.ġġ

3D Geometry
of buildings

Design /
Drawing Audit

Design /
Scheme Study

FRANCIS LEUNGġ

Typical BIM Objectivesġġ

ġ

BIM is a data-rich computer model. Quantity
from BIM model is by default given. It can be
detailed enough to give area, volume, length,
height and whatever it is added in the
parameters. As such, BIM QTO is marketed as
a benefit of BIM to promote BIM application.
This makes the market to doubt whether it is
really true. In reality, although it is believed
that BIM QTO is possible, it is always a concern
whether the quantities are in compliance with
SMM. In case if it is not, BIM QTO is considered
not useful or at least not so straight forward to
be used.ġġ
Before SMM compliance, our professionals also
have concerns about the credibility of results.
Would the quantities from BIM represent the
same from drawings? Or how could BIM QTO
be credible? To answer all these, there are
some basic considerations to achieve credible
quantities in particular if SMM compliance is
expected.ġ
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Source of Information

Originator

QuanƟty
Surveyor

Drawings …

QuanƟƟes

FRANCIS LEUNGġ

QTO is based on information produced by the originators such as consultants or
contractors. The information produced is presented on drawings, schedules or
other formats in the contract document. Information Originators are liable for the
information they produced, therefore, theoretically, including quantity although it is
not measured by the originators.ġġ

In the current contractual environment, this system should not be changed as the
format of contract document is not changed no matter whether BIM is used in the
project. ġ
Originator

QuanƟty
Surveyor

Drawings …

QuanƟƟes

?
BIM
ġ
When BIM is not part of the contract document and when BIM is just a downstream
product after drawings, the traditional workflow will always be the mainstream of
workflow for quantities. No matter how credible the BIM is, BIM quantities are hard
to be treated equal as the traditional one.
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INFO

Drawings

QTO

т

т

BIM

BIM QTO

What if the workflow is changed after BIM? In case if the originators store their
information in BIM, then, produce drawings from BIM, following the same
workflow of giving drawings to QS for measurement, the quantities measured by
QS would be credible. However, as in this case the drawings are presenting the
same information as BIM, the quantities from BIM should be the same as those
from drawings and, therefore, should be credible.
Originator

QuanƟty
Surveyor

Drawings …

QuanƟƟes

BIM

Credible?

The first key consideration of whether BIM QTO is credible is therefore the
Source of Information for producing the model and the drawings. The source
must be the same as those produced for the contract document in order to
ensure the model content is the same as that in the contract document. The
workflow should also be changed such that BIM QTO is produced and passed on
to QS to use. Quantities should still be produced by QS.

4ġ
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Originator

BIM QTO

FRANCIS LEUNGġ

Even if the drawings are not produced from BIM, as long as the BIM is honestly
produced from the same source of information of drawings, it would achieve the basic
requirements for achieving credibility. Quantities obtained from BIM are then
considered meaningful as, theoretically, it should have the same output as obtained
from traditional format.

Model Accuracy
QTO is measured from traditional contract document. BIM, although it is used in
projects, could be just a separate set of document from the contract set. BIM QTO is
therefore a separate set of quantity output. Unless the model is accurately produced
as that presented in the contract document, BIM quantities cannot be treated as
accurate and agreeable with the traditional set.

Drawings

INFO

QTO

=
BIM

BIM QTO

ġ

In order to ensure model accuracy, BIM model must be checked and checked.
However, due to the pace of project development, somehow it is hard to be perfectly
sure that BIM model is accurate. The other way to ensure model accuracy is to
produce drawings from BIM. As the drawings are honestly generated from BIM, the
model and the drawings are not separate sets. Quantities obtained from drawings and
BIM are always the same.
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Modelling Methodology
BIM is a system and can do a lot of things. As QTO is not the only objective of BIM,
special modelling method must be in place to enable proper output of quantities. In
projects, BIM model is rarely produced by Quantity Surveyors. BIM models may be
produced by designers such that they do not have a BIM objective of QTO. Or they
may not want to put extra effort to produce a model for QTO purpose. ġ
Take a simple example. To model
structural floor and structural
column,
two
ways
of
modelling can be adopted.
Method 1 produces correct
presentation in structural
drawings in which column
under is shown as hidden
lines. Method 2 produces
correct quantities as the
column / slab intersection is
column.
As a structural
engineer, Method 1 is
preferable as it is easier in
modelling.
SE has no
incentive to model in Method
2 just for the purpose of
producing quantities.ġġ

1

2

In order to meet certain BIM objective in particular with producing quantities,
“Standard Method of Modelling” must be in-place. The "Standard Method of
Modelling" should also define a modelling method that would not change or create
much extra workload from the modelling practice for other objectives.
Is it possible? The answer is 'yes'. ġ

ġ
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BIM systems allow settings and parameters to store and export information. These
settings can be created in element or project templates for the use of model
creators. BIM models can be basically built in the same way with or without the
need for QTO. So, in case if BIM QTO is chosen as one of the BIM objective,
"Standard Method of Modelling" is needed in advance of the commencement of a
BIM project.
BIM systems allow settings and parameters to store and export information. These
settings can be created in element or project templates for the use of model
creators. BIM models can be basically built in the same way with or without the
need for QTO. So, in case if BIM QTO is chosen as one of the BIM objective,
"Standard Method of Modelling" is needed in advance of the commencement of a
BIM project.

Limitation of BIM QTO

FRANCIS LEUNGġ

Although BIM QTO is possible, it is not perfect like Human QTO as professionals has
their intelligence in it. Users must understand the limitation to see if it is applicable
to their project. Theoretically, BIM can be modelled to an extent that perfect QTO
can be produced.

Beam side formwork?

Column side formwork?

ġ

7ġ

HONG KONGġ

However, in some cases, it would cause too much effort that makes it impossible.
Take the simple example of rebar quantities. It is possible to model the rebar in
details that quantities can be scheduled out. Unfortunately, it may take too much
effort to model. Structural engineers are reluctant to put this extra effort for QTO
which should be the job of QS. Without modelling the rebars, BIM QTO may go for
a simplified approach by storing the rebar information in the elements. Same as
required in "Drawing Standard" in China, rebar details are shown on plan with
numbers (without detailed elevation). If QTO can be based on these numbers,
those numbers can be stored in parameters for BIM QTO.

FRANCIS LEUNGġ

Having said that, BIM QTO for structural elements in general complies with SMM.
Most of the numbers are worked out correctly from BIM. It is then touched up in a
spreadsheet.

ġ
There are always limitations for BIM QTO no matter whether it is a compromise to
balance the workload and output quality. Users need to know the assumptions
made in the model and limitation for the quantities to use before it can be really
used.

Conclusion
As a summary, BIM QTO is possible. It is only a matter of how to make it "credible"
and "useful" by the professionals. Again, the above factors leading to the success
of BIM QTO are not rocket science. BIM QTO is definitely achievable in the current
market. ġ
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Gammon Construction Limited, being one of the largest
contracting and engineering companies in HK, believes in the
importance of being a technology-enabled, learning
organization, with a visible talent for problem-solving. It set up
its in-house BIM and Innovation Department since 2008,
assisting various projects and the company as a whole to
implement BIM solutions.
From a project-based perspective, Gammon recognizes the trend of using
computerized method to streamline the process and decision making for
construction works, and also sees BIM as an opportunity which could be used as an
integrated platform for construction project management process.
BIM helps to improve design coordination and work planning resulting in reduction
of construction time and cost. This technology also enables the project team to
rehearse the construction process with a clash detection report to identify potential
clashes, in space and time, between different trades (structure, architectural
finishes and E&M works) prior to construction and would help to minimize abortive
work and waste. Other BIM related functions include material quantities extraction,
work sequence simulation, site layout planning verification and collaborating with
FM solution providers in developing BIM-integrated FM solution platforms.
Gammon has applied BIM technologies successfully in its Civil and Building projects
to achieve particular project goals such as E/M coordination, design option studies,
virtual construction simulation, etc.. With some other market-available and
affordable construction IT technologies nowadays, Gammon further extends BIM
potentials in enhancing project efficiency and efficacy, through the application of
laser scanning and positioning, 3D-printing, testing and commissioning database
management, etc. for customizable solutions for real-life construction projects.
Keywords : Gammon; Building Information Modelling (BIM); Construction Project
Management; BIM applications.
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Introduction
Gammon Construction Limited is one of the largest contracting and engineering
companies in HK which is jointly owned by the UK construction giant Balfour Beatty
and the conglomerate Jardine Matheson. Its construction business covers
foundation, infrastructure, building and mechanical and electrical works. Gammon
believes in the importance of being a technology-enabled, learning organization,
with a visible talent for problem-solving in its construction business so as to
maintain its leading position in such competitive business environment. It has set
up its in-house BIM and Innovation Department since 2008 to assist various
projects and the company as a whole to provide and implement innovative
solutions.

TONY TONG, WELIE NGġ

From a project-based perspective, Gammon also recognized the trend of
computerized method to streamline the process and decision making for
construction works.
The aim of the BIM team is to aid project teams with BIM-related technologies to
achieve particular project goals such as E/M coordination, design option studies,
virtual construction simulation, etc. Civil projects and building projects alike
benefited from the technology including North Satellite Concourse, One Island East,
iSquare, Hennessy Centre and MTR Shatin-Central Link projects.
Gammon’s BIM team is not only keen to capitalize upon its experience with BIM in
enhancing coordination and efficiency at works but also seeks for exploring
opportunities in the BIM technology that could extend, for example, work quantity
extraction / evaluation, work sequence / site layout planning verification and
collaborating with FM solution providers in developing BIM-integrated FM solution
platforms. BIM becomes a fully integrated platform for construction professionals to
use through the whole project life cycle.
BIM – A New Formation of Project Management Tool
Gammon has a long history in utilizing computerized solution in project delivery,
starting from CAD almost 3 decades ago to very recent ERP solutions.
ġ
CAD - originated from Computer-aided Design, now is more popularly quoted as
"Computer-aided Drafting". Its concept and actual uses are well known and will not
be delineated here.
Building Information Modelling (BIM), in essence, is a technology platform upon
which professional from AEC (architecture, engineering and construction) industry
could work and share data collaboratively and efficiently.
It starts with a computerized 3D model of the subject building itself. Throwing away
the legacy concept of 2D paper drawings, designers will no longer "draw" plans and
elevations, but to build up a 3D model straight away in computer. 2D drawings are
only flattened representation of the 3D model automatically generated by
computers.
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There are many advantages of using 3D model right from the start. Architects and
building owners could appreciate the design visually in computer to foster
confidence of the final outcome. Engineers can do analysis and design using
computerized methods that usually require 3D models to base on. Last but not
least, adding attributes to the 3D model, quantity sheets of building materials can
be generated by computer to assist QS in tender preparation. With BIM as the
common language, various design team consultants can fulfill their specific task
coherently and consistently.
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Design tasks will not stop when building projects enter construction stage.
Contractor's proposal, design-and-build items, provisional items, detail design of
specific building component, choice of propriety products, to name just a few, are
the reasons why BIM is useful to contractors in the way designers do during design
stages. Moreover, adding time and resource data into BIM, contractors can simulate
construction activities inside computers to testify the workability and/or streamline
the production processes. By shifting the trial-and-error process from construction
site to virtual environment, project risks, and hence a lot of money, could be saved
which at the same time, help save our environment by reducing unnecessary waste.
When the building is ready for handover to its owner/operators, the BIM will
become a total digital replicate of the building itself. Today's technology allows us to
link any intelligent contents (interoperability), say maintenance log-book or
manufacturer's web-site, into BIM to facilitate the operation of the building. It
enhances facility managers to retrieve building information effectively and at the
same time migrates their practices to a computerized and integrated platform.
While fulfilling its functions in design, construction and operation stages of a
building, BIM could be cited as a building-life-cycle management tool. This is the
vision that today's AEC professionals opt for in the coming information-intelligent
era.
BIM – Essence of Usage in Project Management
As explained in the last session, BIM comes with many advantages over our
traditional methods of management - from inception, design, contracting,
construction and even facility management.
People used to describe the capabilities of BIM by explaining the features of BIM coherent database, parametric modeling, collaborative client-server strategies,
bundled libraries, popular data formats, allied partner software/solutions, work
scheduling tools, seamless diagnosis applications ... etc.
Another dimension to be introduced here is to look into the nature of these
improvements if they are of business concerns, in terms of cost saving and quality
assurance:
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1. Automation
What is the value generated if particular human process was replaced/improved by
putting it into machines? Is there any balance you will strike for Quality vs. Time vs.
Cost? What and where is the learning curve? Is there any new loopholes generated
by eliminating the old loopholes?
2. Collaboration
Is quality collaboration crucial to your business? Differentiate them from in-house
collaboration to external collaboration and treat them separately. One will probably
get a 100% "yes" from his/her boss to both streams because it's a standard PR
answer. It may not be quite so if one puts this issue in different functional sectors
of the organization concerned.
3. Consistency
Practically we never get 100 out of 100 marks offering our services. One of the
major reasons is work consistency - drawings, specification, illustrations and even
site works. Is "consistency" giving you a competitive edge of your service? Give it
a measure and balance it with the input to achieve it.
4. Solver
Works could be very complex that a manager have to put more people, and hence,
money to work it out. In extremity he/she may report to boss that it's just not
feasible at all to place tender on certain works. Today's tools open new
opportunities to tackle complex jobs and render them "feasible”.
Once we categorize the improvements in these 4 fields of evaluation, we could
review it easily with the same language without making matrix tables of comparison
for sake of global understanding.
Innovative Methods with BIM
i720 - Gammon in-house Online BIM Collaboration Platform
To speed up the clash detection/resolution process, and project cost monitoring
Gammon is developing its in-house Online BIM Management System (Web-based)
for projects, which we coined i720. i720 provides a platform for all parties including
client, consultants, site engineers, sub-contractors and site workers to resolve clash
detected in a 7/24 and collaborative way. i720 could also be seen as a good
integrated platform to place the use of information and communication
technologies (ICTs) for the construction project management process. In Gammon,
i720 links the engineering information management systems (EIMS) together with
the enterprise resource planning systems (ERP) (Winch, 2010). EIMS relate to
those oriented toward information about the construction projects, like PM Tools,
PDMS (project document management system), GEMS (Gammon engineering
management systems), BIMs, QTO (quantity take-off), safety modules, etc. And,
ERP, which was implemented by Gammon in early 2000s, covers company-wide
management systems, including finance/accounting, human resources, estimating,
quantity surveying, etc.. The launch of i720 enables project teams to have a
powerful project-based management information system which interfaces both
externally and internally.
4ġ
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Gammon partnered with the world’s leading interactive 3D solution provider - EON
Reality Inc. to provide an immersive solution to navigate the data rich 3D BIM built
for the project intuitively. Again the BIM model can also be utilized to illustrate the
sequence of work to the site worker for better communication and safety. Our
Immersive 3D visualization system will be used to:
Briefing tool for plant / equipment operation for workers
Train workers to get familiar with specific site construction procedure.

ġ
Gammon Quantity-take-off
The quantity surveying field has long been looking for automated quantity taking
off solution and bills of quantities production since the use of CAD (Davis Landgon
& Everest, 1990). Gammon has used quite a number of few market available QTO
(quantity take-off) solutions with digital methodologies (since BIM vendor
softwares have their own built-in QTO functions). Very often different tools have
their own limitations, for example, non-compliance with standard method of
measurement and manual adjustments.
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To enable to obtain meaningful quantities from BIMs for various functions and to
minimize the manual input in QTO, Gammon developed an in-house Revit-based
plugin “Gammon QTO” to automate the Quantity Take-Off process for the
superstructure carcass. One of the objectives of this QTO is to have speedy
quantities extraction from the BIMs as long as the BIMs are developed. This QTO
requires input by BIM modellers on improving the BIMs in order to conform with the
standard method of measurement requirement, like HKSMM3 or 4.
With Gammon QTO, estimators/quantity surveyors will save their time in manual
measurement, plus allowing them to provide in-time cost implication to all design
changes.

BIM Facility Management Integration
It has been practiced for some time that BIM benefited the design and construction
industry, and FM software to building system management. Values were generated
by streamlining the manual and tedious coordination work using intelligent and
handy software, or in general, information technology.
Further synergy was considered possible by merging the advance technology from
both sides, so that the property owner, in addition to enjoying the physical building,
can run and maintain the building in a systematic and efficient way with a handy
and powerful tool, both offered by the service provider – the contractor.
As a proof of concept, in 2008, a task force was formed by Gammon to explore the
possibility of software interface between BIM database and existing available FM
platforms. Together with a business partner, Lexco, a prototype was achieved on
2009 with a solution module well tested.
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Building Energy Simulation Using BIM and IES Integration
During the construction of building works, besides clash detection and engineering
review, all modification to the design will be analyzed using BIM technology to make
sure such modifications will not degrade the original building performance.
Below are some examples drawn from our pilot project in adopting the technology
in various fields.

ġ

Annual heating and cooling loads analysis
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Radiance image identifying interior luminance (cd/m2)

ġ

Radiance image identifying luminance (cd/m2) from building exteriorġ

BIM in Mobile Field Application
Mobile computing technologies grew tremendously during the past few years and
Gammon saw the potential to harnessing these hardware to bring the BIM model
into site fields. So no more bulky (even digitally) screen shots to be pasted onto
concrete walls, frontline workers can view the design model interactively. These
mobile computing technologies allow on-line viewing and updating.
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E&M modularization using BIM digital prototyping
BIM will also be used to verify the design of pre-cast elements such they the size
and shape of the elements will fit right in.
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E&M Modularization for Hennessey Centre Redevelopment

Pre-cast element in Revit. It is being fitted into BIM model to make sure it’ll
actually fit right in on site, during manoeuvring and at it’s final location.
RC Precast Component Fabrication
In 53 Stubbs Road project (“OPUS”), a large number of RC precast façades were
proposed to be delivered by the main contractor, and the design profiles of the
facades were highly non-standardized. By selecting a façade sub-contractor with
ample 3D coordination and fabrication experience, Gammon was able to coordinate
the fabricate components with the in-situ RC works all in a single BIM platform. The
whole design -> drawing -> fabrication process was achieved smoothly, with
additional value added to facilitate rapid design variation checking and validation.
Discrete RC Precast Façade fabrication drawing generated from 3D
BIM model
ġ

Joint detail of RC Precast Façade coordinated using BIM master modelġ
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4D BIM simulation will also be used to demonstrate and verify the proposed method
of the transfer plate at Wing C, means to mitigate opertional difficulties arising
opertional difficulties arising from unsymmetrical floor layout.
BIM model will be used to illustrate and verify the logic and feasibility of the tower
crane, material hoist location(s), temporary storage location, site access, bending
yard to make sure the optimal arrangement will be used on site.
3D-printing

TONY TONG, WELIE NGġ

Rapid prototyping (RP) methods have long been used in manufacturing industries.
It allows designers to review final product in miniature in order to increase
communication efficacy and ensure client satisfaction.

ġ

With the emerging and diversifying use of BIM model for construction industries,
real-life rapid prototyping is made feasible with a minimal time to be spent in
reforming the BIM into a digital model to be used by CNC machines. In recent years
3D printing technologies had so advanced and been made economical to be applied
to one-off design industry – building construction.

Gammon owns its in-house steel fabrication facilities with dedicated design team
for high quality exposed building components. 3D printing technologies help out
project team leader to ensure our steel project, especially in joint-detail designs,
comply and be acceptable to our clients. Incremental design iteration can also be
examined using RP method, since the cost of 3D printing is very economical using
today’s resin-based 3D printers.
One of Gammon pilot projects using such technology is the steel roof truss system
for Midfield Concourse, Hong Kong International (Apple Daily 13 Aug 2013). The
team’s well thought solution to joint design and prefabrication methods was heavily
visualized and examined using 3D printing.
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3D Laser-scanning
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3D Scanning is a technology using laser to analyze and record 3D geometric data of
a physical object or environment. The recorded data can be used to construct a 3D
model of the object in digital format. Nowadays, 3D scanning is known as the most
effective way of populating highly accurate data for the BIM industry compared with
the traditional surveying method using total station. The technology can be applied
to assist construction design processes particularly in E&M design finalization,
builder’s work and temporary works design. Benefits of such application are to
make it easier for engineers to identify design errors and conflicts in early stage as
well as to reduce the chance of rework.

In a recent Shatin-Central-Link project, Gammon has applied the use of 3D
scanning of the topography of the existing slope which is in close proximity to the
existing MTR East Rail Line track work. The survey data from 3D scanning can be
obtained faster and safer and can speed up the progress for Gammon to submit its
proposals for the slope improvement work as well as for the Engineer to consider
any value engineering or alternative schemes.

ġ
Alignment
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CASE SHARING
One Island East - The Project
Located at the shoreline of Taikoo Place at Quarry Bay, the tower consists of 60
office floors, 2 refuge floors, 4 mechanical floors plus 2 level of basement consisting
of loading carpark and building service plant rooms. The tower is constructed of
reinforced concrete structure with post-tensioned outside-core slab for office areas;
and it is enclosed fully with energy-efficient curtain walling.

TONY TONG, WELIE NGġ

The client, Swire Properties Limited, initiated the implementation of BIM from
design-development stage of the project. The database was later handed over to
Gammon for construction stage implementation where the usage of it was further
exploited.

ġ

Detail Design Coordination
ġ
Engineers get used to resolving detail
design problems at the work which
they tackle on site, especially those
involving E&M systems, simply
because there’s just no effective way
to express their ideas on paper.
3D model of BIM helps exploit the
capability of human eye and brain
interaction to fully understand the
engineering problems. In addition,
prototyping with BIM software allows
engineers to verify their ideas in a fast
way without any abortive work.
In One Island East, 3D models were
often used for engineering in
congested areas: M/E services above
office ceiling in general; B1 chiller plant
rooms; outrigger floors including
detailed design of outrigger trusses for
fabrication use; M/E and smoke vents
below G/F soffits; curtain wall pelmet
details.
Clash Detection
BIM software enables its user to conduct “virtual construction”. Constructability of
work are verified using “clash detection” which is automated in computers. These
avoid traditional errors tremendously and improve the accuracy of the 2D drafting
and guess work by building engineers.

12 ġ
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In addition to sharpening our traditional tool, the “clash analysis” result helps site
staff coordination by distributing the “clash report” to concerned parties and
eliminate the issues in an organized fashion.
In One Island East coordination of MEP works heavily relied upon the clash
detection report from the BIM team. Most of the clash detections were used to
verify combined builder’s work drawing and other shop drawings prepared by
various sub-contractors. Some of its applications were allocated for engineering
and option studies.
2D Shop Drawing Coordination
ġ
Traditional 2D shop drawings are ‘flattened’ representation of the real life. That
means problems occurring in one domain may not be 100% reflected in the other
and vise-versa.
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With BIM software like “Digital Project”, 2D drawings can be generated from the 3D
model. Producing drawings directly from the 3D model ensures better coordination and consistency between multiple services and trades, which minimizes
discrepancies.
In One Island East, individual trade of M&E shop drawing, CSD, together with
CBWD were verified using BIM.
Except some difficult sections to be cut using the 3D model, generally 2D shop
drawing were generated and modified in traditional 2D ACAD.
3D Combined Building Service (CSD) Model also served as submittal to consultants
for approval.

ġ
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4D Construction Simulation
Time element can be introduced in the BIM. A companion software, Delmia, was
mastered by researchers of Polytechnic University (PolyU) to make use of the BIM
to replicate the construction sequencing in “4-dimensions”ġġ
Non-clashing building elements
can clash with each other when
they are maneuvered during
construction. PolyU researchers
identify this time-space clashes
according to main contractor’s
planning proposal to ensure the
smooth
and
problem-free
construction sequencing.
Documented space-time clash
checking of construction work
was not possible prior to virtual
proto-typing (VP).ġ
4-day Cycle Study
In One Island East, 4D visual study is useful to particular highlighted areas for 4day-cycle simulation. Overall program review with real-time Gantt chart, tables or
work schedule sheets is not viable currently.
˗ġ

Outrigger Floors Study
Outrigger floors at One Island East involved 4 non-typical floors with mega-trusses
integrated into the major concrete framework of the building itself. VP was used
to simulate the process in order to optimize the program contingency allowed in
the original master program.
˗ġ

Powerful and in-depth visual study and time-space clash checking were conducted
to ensure a smooth construction sequence.
ġ
Program verification served as the main purpose in One Island East. Unfortunately
there is no interactive tool to modify the program logic from the BIM model
currently. Further studies with PolyU should be conducted for a more user-friendly
environment.
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OPUS - The Project
It is a residential redevelopment project on a site at 53 Stubbs Road, which
formerly accommodated a prestige house of the Swire’s Tai-pan.
OPUS Hong Kong is the first residential project of Frank Gehry’s work in China. The
building is unique in its design, unconventional use of materials and relentless
pursuit to push the boundaries of architecture.
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The tower spirals gently upward, anchored against the steep slope of the Peak by
stone clad blocks that are reminiscent of rough cut blocks in a stone quarry. The
curved glass facades are supported by thin glass enclosed steel columns that bend
like stalks of bamboo. Quarry blocks retaining the slope behind the tower act as
planters for the lush landscape that blends seamlessly into the natural vegetation
of the hillside. The project aims to establish a new landmark building for Hong
Kong.
The challenge for Gammon was to bring this creative and innovative design to
reality. The building envelope is highly complex both spatially and geometrically.
Challenging features included the reinforced concrete structure with external
inclined steel columns, precast façade, shingle glass wall, stone cladding, glass
balustrade and curved glass sliding door. Building Information Modeling (BIM) was
employed throughout the construction period by Gammon, together with selected
sub-contractors, to coordinate their specific work aspects on the same platform.
In addition, the use of BIM went beyond the design phase of the project and took
an important role during the construction phase of the project as well as the post
construction phases and facility management.

Design Management – clash checking and resolving
As BIM formed part of the coordination service in the main contract, both
hardware and software were allocated appropriately from the start, this motivated
the team at all levels to extensively use BIM to conduct installation space clash
detection and management. In the example shown below, E&M services and
related builder’s work were coordinated well before site work started. The time
and cost losses resulting from abortive work that were avoided using clash
management were significant.
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Re-engineering Study - Thickening of Retaining Wall
A retaining wall at the rear side of the site formed part of the main contract work.
The original design did not allow reasonable working space for the construction of
a drainage layer at the back of the structure, which posed severe safety problem
to the workers.
Having addressed the concern and illustrated the reality to the consultants with
BIM technology, alternative schemes were proposed such that the working space
was widened and the original design profile was maintained unchanged, resulting
in some local weakness to the overall thickness of the retaining wall, highlighted in
yellow shown in the illustration below. BIM was used to demonstrate the
incompatibility of the original design with the reality of construction.
In order to solve the situation, finally
the team agreed to a contractor’s
proposal to deploy self-stable nofines concrete as the drainage layer
to be erected prior to the retaining
wall construction, thus removing the
need for working space to lay the
drainage layer after the retaining
wall was completed. The overall
performance in term of buildability,
hazard mitigation as well as material
consumption was greatly improved
by this Gammon’s proposal.
Re-engineering Study - Smoothing Ramp-down Stone Pattern
Construction drawings received after main tender award did not reflect the latest
design intent of the architect to introduce a reduced curbstone height at the end of
the disabled ramp. The BIM team took the lead to coordinate with the stone subcontractor to make up the profile, making use of the 40mm thick stone slab, while
keeping the basic module of 900x600 on plan and above a minimum thickness for
structural integrity.
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BIM-integrated Contractual Submittal

TONY
TONG,
WELIE NGġ
DAVID
MITCHELLġ

A large number of reinforced concrete (RC) precast façades were used to form the
building skeleton. The design profile of each single precast facade was often
unique with very few repetitions, in sharp contrast to other normal construction
projects. By selecting a façade sub-contractor with ample 3D coordination and
fabrication experience, Gammon was able to coordinate the fabrication of
components with due concerns to the joint details with in-situ RC works on a single
BIM platform. The whole design coordination process from shop drawing to
fabrication was expedited smoothly, enhancing the efficiency of design variation
checking and validation.

ġ
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Bulk Quantity Taking-off and Estimationġ
During the process of material selection
and examination, the designer invoked
a major change of finish material for
the planter boxes on the site. In order
to expedite the re-valuation process,
BIM was used to automate the quantity
take off process for the team’s
estimation and decision making.

TONY TONG, WELIE NGġ

This was a typical example how the construction team could employ BIM to
manage change effectively and efficiently.ġġ
ġ
Curtain Wall Fast-prototyping Geometrical Study
The glazing work of the project accounted for more than half of the geometric
complexities found on this project. The glazing work sub-contractor, while being
BIM proficient, was not efficient enough to coordinate the interface details with the
RC work via 3D media. Gammon took the lead to reveal critical anchor plate
positions by introducing rapid modeling methods out of the 2D shop drawings
submitted by the sub-contractors. By doing this, the fast-track concreting program
was achieved on time, mitigating overall project risks.

ġ
Temporary Support Work Coordination
Owing to the complexity of the tower profile,
temporary support work for prefabricated
components posed challenges to the
construction team. As illustrated in the
example, contractors found out, through
harnessing the BIM clash-detection capability,
that many temporary work contact points
clashing with the prefabricated steel columns or
other permanent works e.g. precast RC panels.
Gammon was able to use this information to
propose solutions, avoiding unnecessary costs
and delays.ġ
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Site Setting-out Conformity Checking against Design Model
In addition to the up-side coordination works, BIM was also adopted to facilitate
the accuracy of front-line site work. The drawings of formwork carpenters and
steel benders were in 2D fabrication drawings, with the majority of them not
generated out of the 3D models directly. Nevertheless, BIM was capable to
validate that these base-line drawings conformed to the final design profile.
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The
production
team
accomplished this task by putting
back the legacy execution
drawings into the 3D environment
and verifying all the setting out
lines both visually and digitally.

External Scaffolding Coordinationġ
Due to the complexity of the tower profile, which included dimensional and
geometrical changes at every floor, erection of external metal scaffolding
demonstrated the same difficulty in the design and construction phase. By using
simulation together with the clash-detection capability, critical locations between
scaffold and building profile were identified with pictures and 3D models. These
benefited the design of external scaffolding and estimates for the quantity of
material usage before delivery. Our engineer, based on the BIM results, proceeded
to design and develop the most cost and time effective methods for construction.ġ

ġ
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Tower Crane Dismantling Simulation
Tower crane dismantling involved a prolonged work sequence due to the limited
site space and the impracticality of deploying a Derrick boom on the roof top due
to limitation of work space and concern about integrity of permanent
waterproofing works there. As an unconventional alternative, a climbing down
method was considered as a safe and viable solution (reverse sequence of
erection) so as to ensure the whole dismantling process was executed in a safe and
systematic manner. By generating a computerized simulation, making use of the
existing BIM model, our Plant Specialist, worked closely with BIM department to
take accurate measurements, both in time and space, of the limiting state of the
tower crane lowering process. During the process of making up the simulation, the
specialist was able to ensure the program assumptions and setup were accurate
and correct, while the product, the simulation movie, fostered the understanding
of the operation team working on site.

Mobile Device for Site Work Coordination
Mobile communication expedites and boosts the quality of collaboration, especially
for graphical information, which cannot be easily represented by writing or through
explanation. Today’s mobile devices are so
advanced that they enable our front line staff to
bring the BIM to the field. The advantages are
significant: to verify design intention with site
works at different stages; as a reminder to
workers and supervisors alike; a diary to record
field-discussion;
paper-free
field
communications, etc. The BIM and site team
worked together to source highly affordable,
and market available, hardware and software
compatible with the existing BIM workflow. The
re-usability of the BIM, and hence the efficiency
regarding the site team communication, was highly increased by harnessing the up
-to-date mobile technologies.ġġ
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Hysan Place (Hennessy Centre Redevelopment) – The Project
The project includes the superstructure, E&M and fitting out of a prime
commercial/office building in Causeway Bay. Its scope covers:
1.
4-level R.C. Concrete Structure Carpark/Retail Basement
2.
16-level R.C. Concrete Structure Retail Podium
3.
20-level Steel Beam & Deck System Structure Office Tower
The structure comprised composite columns throughout the whole building,
formation of 4 basement-level, raft footing foundation with anchor piles and
excavation & lateral support system, opening at basement 1 for MTRC connection,
provisions for future tower extension, and complete with associated finishing and
E&M installation.
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This project Gammon worked cooperatively with a BIM consultancy, InteliBuild,
who provided a design BIM model and technology transfer of Revit and Navisworks
System from Autodesk.

ġ
Screenshot of Hennessy Center basement under Navisworks environment

A team of 4 modellers and 2 BIM managers were deployed for BIM contents
updating for this traditional fast-track project to accommodating design change
and interface coordination.
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Detail Design Coordination
BIM was widely adopted for coordination process. RFI incorporating 2D & 3D
extracted view, together with a free-to-walk 3D BIM model in Navisworks Freedom
were used as a major instrument for design coordination purposes.

A sample RFI prepared using BIM and 2D drawing snapshots

Comprehensive clash analysis reports were being generated for project-team wide
coordination using Navisworks Manage. Clash reports in HTML format and a free
-to-browse 3D model in Navisworks Freedom format, with all viewpoints saved at
the position of each clash case, were dispatched for all team members’ easy
reference and actions.

ġ

An illustration of clash submittal in HTML and free-to-browse 3D contentsġġ
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4D Construction Program Simulation
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By further making use of the BIM model in Navisworks format, 4D simulation were
being produced from time to time to review the critical milestone activities of site
work. The output could be in common digital movie format (e.g. avi, mpeg) or in
Naviswork Freedom, with which the end-user can walk through the model while
the simulation was being played.

ġA snapshot of 4D simulation using for basement constructionġ

Conclusion
The foregoing has exhibited the vast applications of BIM by Gammon in its
construction projects. Gammon sees BIM as an opportunity with great potentials in
construction project management process. The momentum of using BIM in Hong
Kong (as well as internationally) in the coming time will be increased as driving
forces come from various interested parties, including Government (Development
Bureau and Works Departments), regulatory or quasi-public organizations (like
HKHA, MTRC and AA), private developers, professional bodies (like HKIA, HKIE,
HKIS, HKIBIM, BuildingSmart Hong Kong, etc.), general contractors, specialist
contractors, etc.. It is foreseen that a more collaborative, common and concentric
approach will be adopted in the construction industry. The word “BIM” is no longer
a buzzword now and researches also compare the BIM maturity of BIM of countries
signifying that we are moving into a new era of construction industry – BIM and
construction informatics (Kassem et al, 2013). With the speedy implementation of
cloud computing, the next move of BIM will definitely be “BIM in the Cloud”. All
construction professionals must gear up for the successful use of BIM in the future.
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Abstract
“The Philosophy behind the Integrated Optimal Virtual Design & Construction
(VDC) Approach” will focus on why a holistic approach is ideal for lean
construction. By sharing Yau Lee’s adaptation journey of Virtual Design &
Construction (VDC) in two case studies (commercial building and residential
building), the essential elements of a successful VDC such as highlight in 3D/
Revit™ Model, 5D/ Vico™ Building Information Modeling (BIM) with Optimization of
Schedule, costing in NRM & HKSMM 4, BIM manufacturing and Facility
Management of a whole life cycle, will be introduced.
Virtual Design & Construction is the way forward to entire construction industry and
it enables architects, engineers, contractors, and building owners to improve
operational efficiency and reduce risk in construction projects. Yau Lee is bringing
this concept one step further by adding product manufacturing to Virtual Design,
Construction & Manufacturing achieving towards a holistic approach for lean
construction.
ġ
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What is 5D BIM
If BIM is a digital representation of the physical and functional characteristics of a
facility, then 5D BIM will be the next generation to incorporate scope, cost,
schedule and the whole life cycle data spatially.
5D BIM is 3D + 4thD (Time) + 5thD (Cost). By putting together these five
dimensions into a 5D BIM Management tool, the power of integration can
drastically improve productivity in manpower; reduce the usage of plant and
equipment against time and cost allocation as well as the budget cost control and
project delivery, not to mention all the way from facility management to the whole
project life cycle.

By advancing this breakthrough technology by adding manufacturing to the
process, Yau Lee has transformed the 5D BIM into a truly integrated Virtual Design,
Construction & Manufacturing system which drives to achieve a holistic approach
for lean construction.
The incorporation of scope, cost and schedule has already been proven in
manufacturing industries with explicit savings in money, shortening timeframes
and mitigating risks. Yau Lee has experienced this paradigm advantages by having
adopted this breakthrough technology and work processes in several projects
including one of our own hotel developments namely, Holiday Inn Express Hong
Kong SoHo.

2ġ

HONG KONGġ
ROSANA WONGġ

Why 5D BIM

Yau Lee has been using BIM technology since 2006. However the technologies
implemented were limited to clash detection, virtual rendering images, and safety
procedure and construction sequence animation during the design stage.
Notwithstanding the limitation, BIM did help us minimize abortive work. However,
the overall benefits were less than the additional costs and resources we have put
in towards implementing BIM: the turnaround time to generate a result was slow,
BIM modellers were always playing catch up when it came to the ever changing
project design details. Despite such frustration we have experienced, we have not
given up and have even gone further to research, investigate and eventually
introduce and develop a VDC&M system which is satisfactory by project standards.
As early as 2010, Yau Lee has rolled out the 5D BIM and Virtual Design,
Construction and manufacturing system within the company. Built on top of the 4D
BIM, the 5D BIM makes our construction programme more correlated to real life
situation which definitely is also more accurate. Resources can now be well planned
and allocated. Programme forecast and optimization can now be done in minutes in
order to enhance the construction progress. 5D BIM offers the capability to
generate takeoffs, counts and measurements directly from a model. This provides a
process whereby information stays consistent throughout the project construction
and changes can be easily accommodated and recorded.
Our ultimate goal is to excel BIM to a higher level, so that 5D BIM can be used,
reused and rejuvenated in the entire life cycle of any projects. From Planning to
Conceptual Scheme; from Design Concept to Construction Process, and all the way
to Facility Management; we hope all the data can be kept and developed
sustainably.
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5D BIM Workflow
Depending on the requirement by the users, work process customization can be
made to suit any special workflow. A 5D BIM workflow is driven from a 3D model,
cost break down structure and suitable 5D BIM software to generate 4D and 5D
process results. For Yau Lee, we have adopted Vico Office™ as our main 5D BIM
Management tool.
BIM Execution Plan (BEP) is fundamental to the success of 5D BIM implementation.
It functions as a well structured reference to the knowledge base which is vital from
the planning stage through execution by dealing with questions and providing
answers to protocol, procedure, and technical details. It also provides goals,
guidance, and rationale behind requirements to the entire direct project team in
completing assigned works. More importantly, this document is conceived as a
foundation for an ever changing and expanding knowledge base of a corporation.
BEP also provides a framework to facilitate BIM implementation and Virtual Design,
Construction and manufacturing (VDC&D) throughout the project lifecycle. It
provides holistic guidance for people, processes, tools, and products that support
BIM and VDC&C implementation.
Apart from BEP, Modelling Guideline also plays an important part within the 5D BIM
workflow. It is a reference guide that will be used to develop a model. How a model
is developed among its family and nested family is grouped under the Model
Division. Element Description, on the other hand, is to define the graphical
presentation of each element; the naming principle and more importantly the
linkage of quantity take off in relation to HKSMM principles.
With all key drivers in place and developed within the work process, 4D and 5D
product results can be generated automatically from Vico Office™ platform.
4D - Location Based Scheduling

ġ

The 4thD refers to “time”. The ability to link the individual 3D models with the
project delivery timeline helps in the scheduling and rescheduling of resources and
quantities, and modular prefabrication to assist tracking and project phasing as well
as the optimization of workflow in manpower, time, cost, plant and equipment.
VICOTM Flow Line concept
The Flow Line concept is a 5D BIM’s location based management system (LBS). LBS
defines the progress of work in helping crews as they migrate (or flow) through a
building during the construction cycle. The goal is to preserve the work crew's
productivity rate as they move from location to location so much so that the number
of starts and stops would be minimized and accordingly gaps between different
tasks would be reduced, resulting in improved productivity. The timeline now
becomes lean and extremely accurate. The chart below shows a typical work
progress that denotes when and where the tasks are carried out and resources
assigned to it. All Flow Line chart is a formula-driven forecast. A change of
parameter will automatically reshuffle timeline or resources accordingly.
4ġ
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5D-Model-based Quantity Take off and Cost Estimation
Modelling
BIM Modellers need to strictly follow Modelling Guideline in developing each model.
Communication and collaboration among Engineer, Quantity Surveyor and
Modeller are the keys to develop accurate model for Quantity Take Off.
The details of Model element Joins between objects, degree of preciseness and
level of details need to be considered before modelling. Model naming standard is
to facilitate the HKSMM classification of materials for Quantity Surveyor to generate
formulas for model based quantity take off. This refined 3D-model will then be
imported into Vico office™ to perform the automatic Quantity Take Off process.
Model-based Quantity Take off
Model based Quantity Take off is to link each individual 3D model element with cost
breakdown structure database. This database is a crossover product between New
Rules of Measurement (NRM) and HKSMM3, HKSMM4 or any HKSMM methodology
in that matter. Quantity, cost and specification are all linked and formulated in this
customized cost breakdown database.
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NRM is an elemental-based standard method of measurement for building works,
as all elements will be modelled, using elementary method for model-based QTO.
The visualization and ease of understanding each elementary model will greatly
reduce the chance of missing items during QTO process. Each model element
contains information such as material, size, number, length, width, height, area,
and volume that can be linked to cost data for the purpose of interpreting project
costs. These quantities can be measured automatically according to HKSMM4
methodology in Vico Office™. Cost estimation can also be generated more
effectively and accurately as compared to traditional measurement method.
Beyond 5D – BIM Data for Facility Management

ġ

Presently most Facility Managers are still relying on 2D drawings to carry out
renovation and repair services although the outdated or inaccurate information
which is not uncommon with 2D drawings are always blamed for contributing to
slow response to repairs and maintenance.
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5D BIM data library can now create a new way of facility management process. Facility
Manager can input additional relevant building facilities information to the BIM data
library such as Operations Manual, Manufacturer Specifications, and Equipment
Catalogues, etc. Together with 5D BIM information, Facility Manager can precisely
estimate maintenance cost and at the same time lowering the project risks. For
example, if a maintenance officer notices a faulty lighting fixture within the building,
the officer can access the facility information from the BIM model library with his hand
held device and issue a repair works order. The maintenance engineer can retrieve
exact location of lighting fixture and the relevant lighting fixture catalogues,
manufacturer specification and model images which enable the engineer to use the
right tools and resources to respond to service needs in a more speedy and accurate
manner.
Virtual Design & Manufacturing

ROSANA WONGġ

The virtual design approach of using BIM can be extended to manufacturing for the
purpose of enhancing precast element production processes; design alternatives,
mock-ups, mould prefabrication, production, delivery and installation as well as all
materials and products that are needed for the entire development project. The table
as shown below illustrates the benefits of virtual design approach:

ġ

7ġ

HONG KONGġ
ROSANA WONGġ

Precast Manufacturing
Processes

Conventional Approach

Virtual Design Approach

Design Alternatives

Hand Sketched Design
Alternatives

BIM Design
Optimization with
calculated savings
ġ

Mock-ups and
Constructability
Confirmation

More time and material
usages for physical Mockups and constructability
testing

3D Visualization for
mock-ups,
Constructability through
4D Simulation

Mould Prefabrication

Mould prefabrications are
based on 2D design,
tolerance between joints
varied

Integrated BIM data for
precision mould
prefabrication

Production

Production quality depends
on labour experiences and
Productivity relies on the
assemblies logistics

Integrated BIM Data to
CAM-enabled machines
and robotics to improve
accuracy and quality on
production assemblies
ġ

Delivery Schedule and
Installation Sequence

Delivery Schedule is
associated with the
production schedule. It
requires human
justifications to associate
with the installation
sequence

Production schedule is
tied with BIM Flow-line
sequence to ensure the
Just-in-time delivery
schedule to minimize
the installation errors

Table 1: Conventional and Virtual Design Approaches for Precast Manufacturing

Roadmap Towards Lean and Sustainable approach
Strengthening Softpower Resources

ġ

Institution or organization can strengthen the skills of its workforce through the BIM
Education Program. Through the learning of lean principles and modelling practice,
simulation to maximize productivity and reduction of waste throughout the project life
cycle could be achieved making the 5D BIM a sustainable tool and full of life.
Reduce, Reuse, Recycle and Rejuvenate all tested and best kept
Knowledge
All valuable design and cost information created and collected during the BIM
development process can now be transformed into BIM data library for future project
developments. By leveraging various project data, it can greatly reduce the time for
cost estimation. Different construction designs and constructability analysis can be re
-used for future tender submission and verification. The construction simulation and
installation sequences are converted into construction knowledge to create a
sustainable life cycle for carrying forward to facility management.
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Philosophy in Action
By sharing Yau Lee’s adaptation journey of VDC&M, we believe the true
philosophy behind the Integrated Optimal Virtual Design, Construction and
Manufacturing Approach focusing on a holistic life cycle is the only way to lean
construction.
Virtual Design, Construction and Manufacturing VDC&M is simply the way
forward for the entire civil and building construction industry and it enables
architects, engineers, contractors, building owners and developers to improve
operation efficiency, boost high precision and mitigate risk and cost in
development projects.

ROSANA WONGġ

- END -
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Abstract
Malaysia is still at its infancy when it comes to the implementation of 5D BIM. 5D
BIM is very much dependent on what happens in the 3D BIM front. Like most
countries in the Asia Pacific region, 3D BIM is still bogged down by the lack of
standards, e.g., a standardized digital object library (whether in Revit, Archicad,
Bentley, etc.), naming conventions, standardized coding, etc. There is no standard
even for 2D CAD for use on symbols, layers, colours, etc. in Malaysia. Unlike
Singapore, there is no statutory requirement for submission of architectural,
structural and MEP designs in BIM for buildable design assessment. This is a major
reason why BIM in Malaysia has not caught on as fast. While Singapore has come to
an agreement on the use of the BCIS format for structuring of Building Elements
and the Standard Method of Measurement for the structuring of Work Sections
(Trades) for BIM, RISM is in the process of modifying the tabulated SMM2 to meet
current BIM requirements and is considering a simplified version of the New Rules
of Measurement (NRM) for future BIM requirements. This is to ensure that the
SMM2 format for 5D BIM will continue to be usable even if the NRM format for 5D
BIM becomes popular in future. This paper will examine the approach adopted by
RISM and a private developer in modifying the SMM2 and the conceptual
framework for using the NRM to augment SMM2 for 5D BIM use.
Keywords:

5D BIM, Standard Method of Measurement, SMM2, New Rules of
Measurement, BIM Standards
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1.0

Introduction

1.1

BIM Steering Committee

At the recent meeting of the BIM Steering Committee in July 2013 facilitated by the
Construction Industry Development Board (CIDB) and chaired by the Public Works
Department (JKR), representatives of the Royal Institution of Surveyors Malaysia
(RISM) stated their focus on 5D BIM, encompassing the standard method of
measurement, quantification, estimating and costing for BIM.
1.2

Collaboration with Private Developer

QUEK JIN KEATġ

Contemporaneously with RISM's involvement in the above Steering Committee,
RISM had started collaborating with individuals from a private development
company with 9 years of BIM implementation experience to modify the tabulated
version of the Standard Method of Measurement 2 (SMM2) for BIM.

ġ

This is to ensure that the SMM2 will still be relevant for BIM use after the required
modifications are made. However, it is recognized that the building industry should
have the necessary standards in place to ensure that downstream BIM adoption is
on the right track and stake-holders do not work at cross purposes with one
another. Otherwise, there will be a great deal of confusion leading to disorderly and
unstructured use of BIM which will also impact 5D BIM development.
1.3

Categories of Standards

Overall, the standards that need to be in place can be broadly categorized as follows
[1]:
1. Standard for data/information exchange or interoperability
2. Standard for design object library (the Malaysian Institute of Architects calls it
the e-library) - e.g. Revit standard library, Archicad standard library, Bentley
standard library, etc.
3. Standardized naming convention for Project identification, building types, etc.
4. Standardization of classes or elements for spatial, functional, cost analysis, etc.
5. Standardization of Method of Measurement and Description of work items for
BIM
6. Standardized Schedule of Rates for work items for tender pricing
7. Standard format for embedding life cycle costs for operations and maintenance
8. Standards to enable design modelling, whether BIM or CAD, and 5D BIM, that
are software neutral (e.g., CP 83 Part 1-5: 2001, CP 97 Part 1-2: 2002, 2004)
The above list is not exhaustive.
The consequences of a lack of standards can be illustrated by a few examples under
2.0 - 4.0 below:
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2.0 The problem of differing parameters within libraries from the same
source
This can be illustrated in Figure 1 using the Door libraries from Revit. When these
libraries are used, the parameters are different although they are from the same
Revit source. Archicad lacks a lot of commonly used objects, e.g. 4 panel sliding
doors. It is not possible to do BIM practically without such standards sorted out [2].
It would be difficult to get the right selection of doors based on type, configuration,
material, etc. if the parameters are not organized properly.

QUEK JIN KEATġ

Figure 1: An Example of Door Libraries from Revit

ġ
3.0 The problem of non-standardization and poor structuring of naming
conventions
Figure 2 illustrates an example of a design submitted by a large foreign firm for
buildability assessment. The model had lots of problems in repeated elements, etc.
[3].
Redundancies within the elements can result in similar items being named
differently and listed separately. This will have implications on 5D BIM applications.
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Figure 2: An example of an e-submission with repeated elements

4.0 Anomalies in BIM interoperability
ġ

Figures 3 – 6 illustrates actual anomalies in interoperability, especially when
exporting from one format to another. In the examples shown, doors and windows
may go missing, surfaces are altered, plans & elevations get changed, names get
changed and conventions get changed, i.e., no swings, slides, etc. are
subsequently shown [4].
The implications on quantities and descriptions of work will be serious especially
where bills of quantities are required to be prepared from the BIM model.
The brief outline above of the consequences of the lack of standards is sufficient to
show that it will be difficult to come up with a standard method of measurement for
BIM if problems persist because of the way 3D BIM is being modelled haphazardly.
Therefore, proper standards for 3D BIM must be in place before we can embark on
further developments for 5D BIM.

4ġ

MALAYSIAġ

Figure 3: The Base Model to illustrate Anomalies in BIM Interoperability
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ArchiCAD_OriginalElevation.JPG was exported to Revit to became RevitElevation.JPG

Figure 4: Anomalies in BIM Interoperability

ġ

In RevitElevation.JPG, Doors & windows were missing. But the schedule lists them all with
completely different names.
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Figure 5: Anomalies in BIM Interoperability

Exported IFC from Revit & re-import to ArchiCAD as ArchiCAD_RoundTripElevation.JPG 3D surfaces
triangulated. Plans have different conventions (no swings, slides, etc.). Names have changed.

Figure 6: Anomalies in BIM Interoperability

ġ

Imported the original IFC exported from ArchiCAD (the untouched IFC was imported back into
ArchiCAD as OriginalArchiCADIFC_ImportedBackIntoArchiCAD.JPG). Doors & windows names
changed again. Plan & elevations are different too. A case of the same software not talking to itself.
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5.0 Why the focus on BIM SMM?
Items 5.-7. mentioned in Para. 1.3 above are part of 5D BIM but the focus of the
collaboration between RISM and the Private Developer currently is only on the SMM
for BIM. The reason being, quantification is the starting point for all costing
exercises and the mainstay of the quantity surveying profession.
However, this does not mean that resolving the SMM issue for BIM will also resolve
the issues of BIM for standardizing the Schedule of Rates and the life-cycle costs for
operations and maintenance (also known as Facilities Management (FM)). The
three are distinct systems in themselves and may require different approaches from
one another.

QUEK JIN KEATġ

For instance, the SMM for BIM track is closely related to 3D BIM produced by
architects and engineers for design & procurement. If the project is a design and
build procurement type, the contractor will further develop the design to greater
detail. The authoring (design) software is likely to be Revit, Archicad, Bentley,
Tekla, etc. with their own native formats. For users who may just need to view the
BIM model to extract quantities or perform quantity take-offs, they just need to use
a BIM viewer instead of the full-blown BIM software. But a full-blown BIM software
is certainly required to link the SMM library to the object-oriented library. As
highlighted in Para. 2.0-4.0, there are problems associated with standardization
and interoperability. The IFC (Industry Foundation Class) format is not popular with
designers because of its large file size and sluggishness.
In FM BIM, the de facto standard seems to be IFC for graphical objects and COBIE
(Construction Operations Building Information Exchange) for text-based
information. COBIE is actually a stripped down version of IFC for embedding text
information. It is of course compatible with IFC. Due to problems of standardization
and interoperability issues cropping up when exchanging between different
authoring software, IFC has found a niche in FM BIM. There are also software
available that optimizes the speed of the IFC model.
In terms of priority, implementing the SMM for BIM would rank higher than FM BIM
as the design, procurement and construction stages requires the contribution of
quantity surveyors most. The contribution of quantity surveyors in FM is still not
that widespread currently.
Concerning the Schedule of Rates for BIM, the complexity of coding and linking
more than 30,000 line items to say the Revit model and the associated middleware
and hardware costs involved make this an expensive undertaking and beyond the
reach of most professional consultancy firms. Perhaps, only the larger construction
firms are really able to afford the capital investment required for this undertaking.
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6.0 The Approach for Collaboration
6.1 General Approach
As RISM is the custodian of the Standard Method of Measurement in the country
and the Private Developer concerned has solid experience in both 3D and 5D BIM,
the collaboration between both parties would bring about mutual benefits.
As mentioned earlier, the tabulated SMM2 has been used as the source reference
for development of a SMM for BIM. Although there have been comments that the
SMM2 is dated and not formatted to facilitate BIM use, the fact that our collaborator
had met with some success in re-formatting sections of the SMM2 for BIM shows
that it can be done. Accordingly, we have proceeded to go full swing in modifying
the SMM2 for BIM use.
Altogether there are 19 Sections in the SMM2. Each month, 3 or 4 Sections will be
allotted to team members to go through for their proposals to make them BIMfriendly. Our collaborator will provide feedback and suggestions to improve these
proposals and how to structure the Sections to enable coding of the SMM Library.
Once the tabulated SMM2 has been re-formatted with simpler measurement rules
for BIM and structured & coded, it will be linked to the design object library in say,
Revit. The Revit design object library will have to be linked to Uniformat or
Omniclass Elemental structure before the SMM Library is also linked to Uniformat or
Omniclass. As the SMM Library basically comprises of Work Sections or Trades, it
must be grouped by the Elements in Uniformat or Omniclass to ensure that it can be
presented in a Bill of Quantities format. The Revit object-oriented design library
should be similarly organized in Uniformat or Omniclass as the Elemental Grouping
is still the best way of organizing design objects in a structured manner.
The foregoing can be represented as shown in Figure 7 herein.
Within Uniformat, you have "families" and "types", e.g., under the Floor family, you
may have the structure: Floor; concrete; grade; thickness; suspended floor slab.
You can't change the family and type for the Revit object but you can change its
functional, material and thickness attributes. Loadable design objects may be used
but they do not form part of the family. Uniformat provides a "box" for inputting the
Assembly Code to match the Revit object. Each Assembly Code is linked to a unique
description in the BQ and has a specific reference to one cost item only. Our
collaborator makes use of a 28 digit numerical coding system for their Coded
Standard Measurement Library and hires 16 QSs who are trained in Revit to link the
coding to Uniformat. There are 7 levels of BQ description used by our collaborator
as opposed to NRM2's 6 levels only.
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There are 2 aspects of coding:
1. Manual coding of the Revit object by collaborator's QSs in Uniformat's
Assembly Code using the Coded Standard Measurement Library
2. Coding the Standard Measurement Library for BQ production to be used in
automated Quantity Take-off (QTO) or as exportable text file for nonautomated QTO.
The Level of Detail (LOD) for the BIM model should be at least 400 for BQ
production and not LOD 300 which is sufficient only for coordination purposes. Our
collaborator overcomes the LOD problem by using the 2D Autocad models from the
Architect, C&S Engineer & MEP Engineer and combines them into the Revit BIM
model himself and builds the detailing necessary for BQ.
Figure 7: Relationship between Design Object Library and Coded
Standard Measurement Library

Revit, Archicad, Bentley,
etcġġ
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Coded Standard
Measurement Libraryġ

Design Object Libraryġ

Measurement items
arranged by Work sectionsġ

ġġġġLink
ġġġġDOL
ġġġġto
ġġġġUniformat

Consolidate work
secƟons with Uniformat elements ġ

Uniformat
(Elemental Groups)
Resides within BIM authoring
software

ġ

Automated QTOġġ

Non-automated QTO

Middleware

Exported as text file

Auto BQ production

For extraction to produce
BQ
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6.2 Approach in analysing the tabulated SMM2
Some of the comments from initial collaborative meetings are shown in Appendix 1.
These can be broadly divided, as shown, into the following aspects:
˗ġ
General
˗ġ
Methodology
˗ġ
Naming convention & Coding
˗ġ
Non-modelled items
˗ġ
Measurement
˗ġ
Area definition, etc.
˗ġ
Others
As the collaboration is ongoing, it is still early stages yet to come to a conclusive
consensus as to how the Sections in the SMM2 and its sub-sections should be
modified for BIM. We have not even come to the stage where mechanical, electrical
& plumbing elements are being analysed but the Singapore Standard C.P. 97 or
NRM2 are to be used as additional references as measurement rules for these items
may have progressed considerably since the SMM2 was first introduced. Figure 8
shows the Schedule of Priority and Delivery of the various SMM sections to be
analysed.
6.3 Conceptual framework for use of NRM2 to augment SMM2
We understand that steps are being taken in the UK to make the NRM2 BIM
compliant. As such, we are only using the NRM2 to augment and make
improvements on the SMM2 where certain work sections may be lacking in the
latter. We are also using the Singapore Standard C.P. 97: Part 1&2: 2002, 2004
Construction Electronic Measurement Standards for Building Works, and
Mechanical & Electrical Works, respectively, to augment & make improvements on
the SMM2. We are not embarking on BIM-ing the NRM2 but rather our own SMM2.
We believe an adopt and adapt approach of the NRM2 would be more efficient,
considering the limited resources we have. The best party to harmonize any
document for BIM would be the body that created it in the first instance. Thus, our
pre-occupation with BIM-ing the SMM2. Once the NRM2 is harmonized in the UK for
BIM by the RICS, we will have a look at it, as the potential of it being used globally
is there and we have to be prepared. The BIM NRM2 will of course need to be
adapted and simplified for local use.
It will be true to say that we are evolving a Malaysian BIM SMM based on our SMM2
but incorporating certain elements of NRM2 and C.P. 97 as well. We are not
considering to adopt the extensive Preliminaries Section of NRM2 as the Malaysian
practices and requirements for Preliminaries are quite different from the UK.
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7.0 The digital object library and its implications on 5D BIM
The development of a 3D standard library of design objects has been surprisingly
challenging despite BIM's existence of more than 15 years. The so-called standard
"Revit," "Bentley" or "Archicad" software library has a rather limited collection of
design objects. As there is a need for designers to produce their own objects to
extend beyond the limited number of objects available in a standard "Revit"
software, etc., industry-wide standardization becomes illusive as designers become
protective and may not wish to share their object creations.
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The so-called Specie initiative has not made headway despite years of discussion in
the U.S. for standardization of design objects [ 5 ]. In the UK, the Government has
launched the BIM Guide for Revit, Archicad and Bentley users as steps towards
standardizing 3D BIM [ 6 ] but it is still early days.
5D BIM depends very much on the development of 3D BIM. As users of the model
and not the authors (designers), QSs do not have control over the design objects
but we have to somehow get these coded for 5D and linked to the SMM library [ 7 ].
We have to collaborate and sit side-by-side with the design modeller to do this to
get to where we want in 5D BIM [ 8 ]. The BIM protocols do not presently allow QSs
to alter the design model unilaterally for coding purposes without the involvement
of the design modeller. However, as the protocols do allow the Contractor to
develop the BIM design into a higher Level of Detail of 400 for Design & Build
projects, it is not inconceivable in future for the protocols to allow others besides
the designers to embed and link information or code without altering the properties
of the design objects or affecting their integrity.
There are bound to be issues when linking the SMM library to the design object
library. For instance, when modelling a drop ceiling, the vertical surfaces of the drop
cannot be modelled together with the horizontal surfaces as an integrated whole.
This means the vertical surfaces have to be modelled like a wall.
QSs have no problem measuring plastered and painting surfaces but in a BIM
model, the design modeller has to model the plastering and painting separately as
different objects. Scupper drains are measured by QSs as extra over the floor slab
but in a BIM model, they have to be modelled to the required size and shape and is
not just a linear item. The BIM modeller's work is not easy when he has to link or
create new objects to suit the SMM library. But once the object is created, it can be
repetitively used in future. It is a case of pain in the beginning but gain further down
the line. The general reluctance of designers to expand their object library for 5D
BIM stems from the lack of appreciation of how 3D BIM impacts 5D BIM in delivering
better solutions in terms of design and cost. This can be illustrated by an actual
example:
A recent design competition called by a major client in Malaysia invited submissions
from local and overseas designers to be evaluated using Elemental Cost Analysis
(ECA). Feedback through the questionnaire sent to the designers showed a
reluctance to forward submissions in 3D BIM soft-copies and Schedules of areas for
Floor Finishes, Wall Finishes and Ceiling Finishes, etc. to the Client's QS to ease the
preparation work for the ECA. See Figure 9 for parts of that questionnaire.
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Figure 9: Extract of Questionnaire from recent BIM Design Competition

--------------------------------------------------- N-N-N-----------------------------------------------ġ

--------------------------------------------------- N-N-N------------------------------------------------
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For the designer, it is just a matter of exporting the BIM model in dwf, 3D pdf or
whatever. The areas for Floor Finishes, Wall Finishes and Ceiling Finishes, if
properly modelled in BIM, are already embedded in the design objects and it is only
a matter of making the information available to the QS. But the designers were not
willing to do so even though the effort involved is minimal.
This is surprising as some of the designers already have experience in Singapore's
eBDAS (electronic buildable design assessment system) which is in the Building
Construction Authority's (BCA's) CORENET. Despite the fact that BIM is the way
forward, people are still set in the old ways of working, not willing to share
information or collaborate from the beginning even if it does not cost them any
additional effort at all. It has to be re-iterated that BIM is not just about software
technology but the collaborative processes and people-to-people communications
that need to come with it to make it happen!
Standards can be enacted for BIM but how do we effect the cultural change
required amongst the various stake-holders to be more collaborative in the work
processes and be communicative rather than adversarial? We certainly can't
legislate or force people to do more of these. They will only become the "norm" of
doing things once there is gradual acceptance that BIM has to be approached
differently. This will take time.
8.0 Recent developments in the standardization of the object libraries
In July this year, the BCA announced the launch of the Intelligent Design Object
Library (IDOL) using the social media platform for downloading, collaboration,
sharing & creation of design objects in the Cloud. RISM is following this closely as
there is a possibility of using IDOL for modelling design objects to suit the SMM
library where none are available yet. For instance, scupper drains of various
dimensions & cross-sections may be available as design objects in the IDOL
platform and be used for measurement instead of describing these as extra over
items. Bearing in mind, BIM 3D cannot create extra over items which are creatures
of the SMM library. The social network platform makes it possible to share and
collaborate on ideas and objects almost instantly and allows not only designers but
others like QSs to collaborate in ways not thought possible previously.

ġ
IDOL can potentially augment RISM's 5D BIM collaboration with the private
developer as it can help provide design objects not already in that developer's
repertoire should "new" ones be required to meet the needs of the SMM library.
There is also the possibility of JKR (the Public Works Department) making available
its object library to RISM for 5D BIM collaboration. This possibility was discussed
during a recent BIM Steering Committee in July comprising the public, private and
academic sectors of the building industry. However, no decision has been made yet
pending the formation of the various Working Committees to be proposed by the
BIM Steering Committee.
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RISM does not view its potential/future collaboration with the JKR or IDOL as
running counter to its collaboration with the private developer. There could be 2
different sets of object library, one for the public sector, the other for the private
sector if they cannot be "unified," with IDOL augmenting those objects that may
need to be created anew. There are benefits in the adopt and adapt approach
rather than creating everything from scratch. RISM believes this will give it the
jump start into the 5D BIM world and beyond.
Conclusion

QUEK JIN KEATġ

The experience of early adopters of BIM from other countries shows that the BIM
journey is an arduous one with challenges such as the standardization of naming
conventions, unstructured or incomplete design object library, lack of true
interoperability, non-existent SMM library harmonized for BIM, lack of uniform
coding system for both the design object and SMM library, difficulty in linking
pricing (unit rates) and FM into the BIM model, etc. Malaysia will need to find its
own way forward in 5D BIM as measurement for producing Bills of Quantities is still
considered an important QS activity. Besides the technology issue, other issues
include the processes/systems that must be in place to allow for meaningful
collaboration and a platform that facilitates communications for working with BIM.
A change in mind set or work culture is required to make BIM implementation
possible. In this respect, RISM has been quite pro-active in seeking out
collaboration with others, especially with the private sector, in the BIM-ing of the
SMM.
Although it is still early days to conclude that RISM's collaboration with a private
developer has been successful, a start has been made to streamline and simplify
the SMM2 to make it more BIM compliant. The results achieved so far have been
quite encouraging as we are able to appreciate the problems design modellers
faced, as instanced in Appendix 1, Para. 6.2 above, through our focus on face-toface collaboration and communications and not just looking solely from the
technology perspective for 5D BIM alone.

ġ
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DESCRIPTION

REMARKS

1.0

General

ġ

1.1

Design & Buildġ

Clients still insist on full BQ but will use Contract Sum
Analysis with lump sums for finalizing the Contract
Sum

ġ

ġ

ġ

1.2

Navisworksġ

Used for viewing clash detection, etc. by consolidating
various architectural, structural, MEP modelsġ

1.3

CostX 3Dġ

Has verification against last drawing feature. Less
powerful than Glodon but can still extract quantities
even if model is not so perfect. Glodon requires CAD
drawings to be complete before full 3D can be doneġ

1.4

Collaboration

Revit Modeller and QS must work side by side to
ensure success of 5D BIM modellingġ

2.0

Methodologyġ

ġ

2.1

Working procedure for BIM SC Chair will prioritize the trades and determine the
on BIM SMMġ
particular trades to be analysed for the month by BIM
SC. Comments will be received via email and a followup meeting soon after will be done to determine what
improvements need to be made to harmonize with BIM

3.0

Area definitionġ

ġ

3.1

GFA

Is to external face of wall, contrary to BCIC which is to
internal face

4.0

Modelling detailġ

ġ

4.1

Modelling of items that can be QS would prefer that the designer model wall, plaster,
grouped
paint and opening together but for designer this is a lot
of work to do in BIMġ

4.2

LOD 400ġ

Shop drawings/fabrication drawings are Contractor’s
responsibility under US BIM practice. Designer will not
normally model to this level of detailġ

4.3

Curtain wall and windowġ

Window part of curtain walling work is modelled under
Wallġ

4.4

Lintolsġ

Can be modelled, measured in MR but including
formwork and rebarġ

5.0

Non-modelled itemġ

ġ

5.1

Labor items/Extra over itemsġ

Can’t draw or extract. Revit draws what is measurable
and plugs in code on the drawings. Such items not
reflected in the model are best listed and dealt with in
Preamble Notesġ

5.2

Preambles

Must state clearly the includes and excludes
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Appendix 1: Notes on RISM QS Division BIM Technical Committee’s 5D BIM Initial
Collaboration Meeting
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DESCRIPTION

6.0

Naming
codingġ

6.1

Coding the SMM within Revit It can be doneġ
itselfġ

6.2

Uniformat

6.3

Naming convention and coding The SMM Library will be the naming convention. This
will be tagged to the Library inside Revit for coding of
ġ
BQ measurement. Revit uses Uniformat. Bascially, the
coding task is to tag the SMM Library to Revit
Uniformatġ

6.4

Analogy
ġ

(1) Every piece of Lego is defined before the designer
uses it.
(2) In a Chinese medical hall, there are a number of
drawers to draw from to come up with a concoction of
herbal medicines. Different drawers will be drawn
according to differing needs of clientsġ

7.0

Measurementġ

ġ

7.1

Modelling of measured itemsġ

Up to 80% of measured items can be attained in Revit.
Revit was not created for measurement but more for
visualization and coordination. Using Revit for BQ
measurement is actually “straining” the software.ġ

7.2

Percentage of measurable items 5% of such items may not be picked up from the Revit
not picked up from Revit ġ
modelġ

7.3

E.O. for scupper drainġ

Collaborator actually models the scupper drain and
measures in linearġ

7.4

Voids
ġ

Revit doesn’t care about void sizes and will deduct
areas of all voids, regardless of SMM. Possible to trick
Revit to not deduct a void by inserting an opening light
but the latter will show as a constructable item ġ

7.5

Drop ceiling
ġ

Not a horizontal ceiling but its vertical sides is under
wall categoryġ

7.6

Staging of formwork height
ġ

Possible to categorize formwork in stages for BIM but
this will involve more work for the modeller. One
solution is to deal with staging in Preambles and allow
for pricing in the Preliminariesġ

7.7

Wall girth
ġ

In Revit, the wall girth is the center line of the wall. In
BCIC, building envelope is measured to external face. ġ

7.8

Pitch roofġ

Collaborator does not have experience with a pitch roof
BIM model. BIM SMM could consider measurement of
roof as flat on plan, stating the stages of pitch

8.0

Othersġ

ġ

8.1

CIDB BIM Portalġ

To be launched and monthly subscription based to
lower costs for users

convention

ġ
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REMARKS
& ġ

Revit uses Uniformat for coding of elements. Not all of
Uniformat will correspond with SMMġ

CONFERENCE PAPER

The QS Journey in Singapore - Lessons Learnt
ġ
Seah Hsiu-Min, Eugene

SINGAPOREġ

The QS Journey in Singapore - Lessons Learntġ

Mr. Seah Hsiu-Min, Eugene

EUGENE SEAHġ

MRICS, FSISV, FAIQS, ICIOB, MSIArb, MSPM, MRISM
Bachelor of Science (1st Class Hons) in Quantity Surveying
Bachelor of Science (1st Class Hons) in Technology
Management & Computing
Masters in Construction Law and Arbitration
Masters in Sustainability Building Design
Certified Green Mark Manager
Senior Management Development Program (Harvard)
Assistant Professor (Adjunct), National University of Singapore
Certified Construction Productivity Professional (Honorary),
Building & Construction Authority
Certified Green Mark Professional
Deputy Chairman of Langdon & Seah Singapore Pte Ltd.ġ

Abstract
Singapore has embarked on the BIM journey since 2005 and with projects now
having compulsory authority submissions prior to building plan approvals. Having a
short but relatively interesting history on the usage of BIM, what are the lessons
learnt on using BIM and what are the best practices based on the Singapore
journey? This presentation seeks to look at the lessons learnt based on the
reflections of BIM in the Quantity Surveying Fraternity, experiences during the
Singapore BIM Competition, BIM Conditions , usage of the BIM Guide and BIM
Execution plans as well as quantity take-off using the BIM Models. Is the picture
that using BIM is so rosy for the Quantity Surveyor that at a click of a button, all the
quantities are given? Is it right to say that BIM is only a process and tool hence why
is the industry talking about “BIM Conditions?”. This presentation demystifies these
assumptions and tells the current picture of the Quantity Surveyors’ journey of BIM
in Singapore. ġ
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1.0

INTRODUCTION

BIM acronym represents three separate but consecutive functions; Building
Information Modelling, Building Information Model and Building Information
Management (OPEN BIM Network, 2012). As a whole in this research, the
function of Building Information Modelling is considered as BIM. Eastman (1999)
points out that with the advent of BIM concept, which is believed to manage,
share and exchange information among project team members, the key
collaboration issues can be overcome.

HIMAL SURANGA JAYASENA ġ

The developing number of case studies has highlighted the benefits of BIM
technology, indicating that it will certainly become the standard representation
and practice for construction industry within the next decade (Eastman, 2009).

ġ

2.0

IS COST INFORMATION PROPERLY REPRESENTED IN BIM?

The popular practice of cost estimation in BIM model is where Quantity Surveyor
(QS) extracts quantity information and other required data from the BIM model
and produces a live linked cost estimate using BIM based quantity take off
software.
In this method QS can maintain a cost model outside the BIM model. As and
when the client or the other design team members require any cost information
of the project, QS provides the required information. Since the cost model is
created and maintained outside and the cost information is not written back the
BIM model, cost information of the project is not readily available in the BIM
model for other stake holders to retrieve.
Despite its importance, integration of cost information within the BIM model is
yet to be attempted. Without such integration, real integration of Quantity
Surveying practice in a BIM based project delivery is non-existent, resulting in a
significant loss in project economy. Therefore, it is worth developing an
integrated cost model for BIM to facilitate the stakeholders of the design phase
with cost information in the BIM model.
3.0

DEFINITION OF BIM

In order to device a meaningful integration of cost information, it is important to
clearly define and understand what BIM is, and what it is not.
Figure 3.1 shows a small portion of open standard BIM model when opened in a
Notepad application. It is in plain text (symbols) which human can read and
interpret. For example, #9806 describes a wall element, giving some unique
information about it and refers to some other locations in the model file viz. #13,
#9803 and #9876, where each refers to model ownership, placement of the
building, and geometrical placement of the wall.

2ġ
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A unique feature of a BIM model is that a particular information is recorded only
once in the model and all other instances reference to this information, making it
easy to update information without causing any errors. A BIM model extends to
millions or billions of lines making it impossible for human to interpret them; yet
they are machine readable and the computers can interpret them by using the
predefined syntax and libraries.
...
#9792= IFCDIRECTION((-1.,0.,0.));
#9796= IFCCARTESIANPOINT((12.,0.,0.));
#9800= IFCAXIS2PLACEMENT3D(#9796,#36,#9792);
#9803= IFCLOCALPLACEMENT(#593,#9800);

HIMAL SURANGA JAYASENA ġ

#9806= IFCWALLSTANDARDCASE('16DNNqzfP2thƞaOflvsKA',#13, 'Wand-Ext-ERDG4',$,$,#9803,#9876,'A6C3DE63-3731-4F6A-94-7E-DE8A8295779F');
#9825= IFCCARTESIANPOINT((0.,0.));
#9829= IFCCARTESIANPOINT((12.,0.));
#9833= IFCPOLYLINE((#9825,#9829));
#9837= IFCSHAPEREPRESENTATION(#51,'Axis','Curve2D',(#9833));
...

Figure 3.1: IFC Building Information Model

Similarly, a human cannot create such a large BIM model by manually writing it.
This is where software applications come in handy. Many software applications
have been developed for various building professionals to create and update BIM
models using user-friendly 3D interfaces combined with other information
panels; and for others to view the models in convenient formats (including 3D)
for their unique and particular purposes. Since the BIM models are data rich and
parametric, software vendors could produce advance tools by taking this benefit.
The result was that BIM made a revolutionary change also in the building
delivery process when the building professionals started to make use of this new
technology.
ġ
To better suit the purpose of this paper, and in order to make it possible for a
reader to easily understand BIM concept, the following is proposed as an
alternative BIM definition by slightly modifying the widely referred Snook's
(2010) definition.

A Building Information Model is a digital description of physical and functional
characteristics of a facility creating a shared knowledge resource for information
about it forming a reliable basis for decisions during its life cycle, from earliest
conception to demolition. Building Information Modelling is about creating,
updating and using of this digital description.

3ġ
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The digital description, as before mentioned, is written in a machine readable
language so that the computers can interpret it and use their computation power
to perform multitudes of automated tasks such as generation of 2D and 3D views,
clash detection and quantity take-off. Thus, it should be understood that BIM is
not about 3D modelling; instead 3D modelling has been enabled by BIM because
of its rich data format which supports integration of geometric information. BIM
is in fact a revolution or a paradigm shift in building information documenting.
Conceptually, BIM creates a single information repository for all building
information which is inconveniently scattered in various document formants
(drawings, documents, spreadsheets, printed or digital formats) in the
conventional practice. All BIM processes, methods and tools widely talked about
are enabled as a result of this revolution. The spatial problem, the effective cost
modelling framework, should be investigated from within this contextual
framework.
4.0

OPENBIM

Open BIM is an initiative of the neutral, non-profit making buildingSMART
International and several developers of BIM based software; who are in fact its
members. It is a universal approach to the collaborative design, realization and
operation of buildings based on open standards and workflows. This aims to
accelerate the adoption of BIM in the AEC/FM industry by providing common
definitions, requirements, and branding for building projects, helping to
overcome the challenges that can impede the collaboration among architects,
engineers, builders, and project owners that is so vital to an effective BIM
workflow (buildingSMART, 2013f; Johnson, 2012).
The key issue in open approach was how to achieve interoperability between
multiple software and multiple tools that are used on a projects' lifecycle in AEC/
FM industry (Cerovsek, 2010). To solve this issue, adoption of an industry-wide
open standard like IFC in the AEC/FM industry is already under way (Moor, 2011).
In order to help BIM application developers test and improve IFC compatibility,
buildingSMART has initiated openBIM certification system (buildingSMART,
2013f).
4.1

Industry Foundation Classes (IFC)

Among the various data standards for BIM, Industry Foundation Classes (IFC) is
a non-proprietary standard published by buildingSMART (formerly known as IAI
- International Alliance for Interoperability), to define AEC/FM objects with
properties and/or geometry (Mitchell, 2013). The IFC standard in the BIM
process is significant as it is a standard for sharing of digital construction
information throughout the whole life cycle of a building project, globally, across
the disciplines in the AEC/FM industry (buildingSMART, 2013a).

4ġ
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Until the mid-1980s, the data exchange in AEC industry was based on various file
formats evolved into effective exchange formats for shapes and other geometry.
When using these formats for data exchange of models with complex objects
with their geometry, attributes and relations, the file exchange format generated
became large and complex to handle (Eastman, 2006). To address this issue,
ISO-STEP organization produced the EXPRESS language, developed by Douglas
Schenck and later contributed to by Peter Wilson (Schenck & Wilson, 1994).
EXPRESS language adopts many object-oriented concepts, including multiple
inheritances.

HIMAL SURANGA JAYASENA ġ

IFC, the main buildingSMART data model standard is defined in EXPRESS
language (Eastman, 2006) and IFC can be used to exchange and share BIM data
between applications developed by different software vendors without the
software having to support numerous native formats (buildingSMART, 2013b).
BIM tools by various software vendors had their own data models for
representing building and other design information. These varied from storage
of properties and relations explicitly to computing on demand. Further, their
geometric representations used were different. Thus, BIM tools with good IFC
translators could exchange only very little useful data (Eastman, 2006).
This limitation was caused as there was no agreement between the parties of
information exchange on what information is required by the receiver
(buildingSMART wiki, 2006). In order to address this situation, Information
Delivery Manual (IDM) was introduced.
4.2

Information Delivery Manual (IDM)

IDM defines the information exchanges, which exchanges of information should
occur and identify the data in these exchanges (Stanford University, 2006).
Moreover buildingSMART wiki (2006) highlights the aim of IDM is to be the
specification of which information is to be exchanged in each exchange scenario.
IDM includes three primary components. These are briefly explained in Table 4.1.
Table 4.1: Components of IDM (Source: buildingSMART wiki, 2006)

Process Map

ġ

x Gives an overview of the process, objective and stages
in a project at which the business process is expected to
be relevant

Exchange

x Defines the information to be exchanged

Functional Part

x Gives a description of the technical actions within the
process (applicable for software vendors)

5ġ
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In order to automatically verify the information in an exchange process there
was a need to detail the information further than the general level of the IFC
standard (Bell, 2006). Though IFC allowed different applications to communicate
by defining a way of storing and exchanging BIM data, it did not solve the issue
because in the communication process there was a risk of conflicts in definitions
of terminology (Bjørkhaug, 2010). As a way of providing a solution for this
matter, International Framework for Dictionaries (IFD) Library was introduced to
produce a single object library (IFD Library, 2008).
As defined by buildingSMART (2013c) IFD is a library with terminology and
ontology to assist in identifying the type of information to be exchanged in BIM
environment. IFD standard uniquely describes object types, their properties,
units and values they can have. Moreover, IFD provides definitions of concepts,
relationships between them and the common understanding necessary for the
communication to flow smoothly.
Bjørkhaug and Bell (2007) point out that in IFD one concept can have multiple
names in the same language or one name can refer to multiple concepts.
Additionally, it should be noted that IFD is not one uniformed classification
system though it can store multiple classification systems in its structure.
Moreover IFD is not an alternative to IFC or a meta-ontology even though it can
hold several ontologies in its structure.
4.3

Model View Definition (MVD)

The IFC model is necessarily large and complex, as it includes all common
concepts used in AEC project's lifecycle. Implementing support for all of IFC is
therefore beyond the scope of any one application, with the possible exception of
model servers (See, Karlshoej & Davis, 2012). Hence, a less complex and small
standard to support for IFC was required and Model View Definition (MVD) was
presented to fulfil this need.
buildingSMART (2013d) explains MVD defines a subset of the IFC schema, that is
required to satisfy one or few exchange requirements of the AEC/FM industry.
Further, it provides implementation guidance for IFC concepts used within this
subset. It thereby represents the software requirement specification for the
implementation of an IFC interface to satisfy the exchange requirements.
Grobler (2010) provides another perspective for MVD, in which he declares MVD
to be a software specialist’s way of looking at the user requirements for a specific
business process and is documented in a way that enables the implementation of
the exchange capability in software. The MVD illustrates the software vendor
which IFC elements to use, and specifications of how the implementation should
function. The latter is essential to ensure all software implementing a specific
MVD will behave in the required way.

6ġ
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MVDs include primary deliverables; each using standard formats (See, Karlshoej
& Davis, 2012). These are:
˗ġ
MVD Overview which describes the scope of the MVD and the IDM/s that are
addressed
˗ġ
MVD Diagrams which define the MVD concepts that will be used in the
exchange, the structure and relationships between these concepts
˗ġ
Concept Implementation Guidance which defines the IFC entities used to
exchange each concept and the Implementer agreements

HIMAL SURANGA JAYASENA ġ

Figure 4.1 illustrates how information exchange is conducted in an open BIM
model.

Figure 4.1 Information Exchange in open BIM

Source: Grobler , 2010
According to Grobler (2010), when an architectural firm is designing a
construction project (Process C), for example, it receives information from
Process A, B and D. If IFC compatible computer design tools are used in the
design process, then the results can be incorporated in open BIM to be passed on
to structural engineers (Process E), cost estimators (Process F) and others. If the
downstream receivers of the open BIM are also using software tools that can
extract information from IFC files, then they are able to read the necessary
information directly from BIM to perform their work.
5.0

KEY REQUIREMENTS
ENVIRONMENT

OF

COST

MODELLING

IN

BIM

Through the literature search, the main requirements of cost modelling in the
BIM environment were identified. Since Zhe (2009) has suggested a
comprehensive list of requirements, those were adopted in this research (Table
5.1).

7ġ
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No
1

2
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Table 5.1: Key Requirements of Cost Modelling in BIM Environment (Source: Zhe,
2009)

3

ġ

6.0

Key Requirements

Description

Export the standard Export the standard IFC data file which includes
cost estimating data
building element’s dimensions, construction
process and cost items data so that the downstream
software, such as construction management
software and, information reuse software can
directly use the data.
The estimators can make use of the design result of
IFC data automatically. There is no need to
import
manually identify the drawing and to establish the
model which could eliminate manual reworks,
increase speed, and improve productivity.

Automatically
design result

Intelligent
management

change If the design is changed, the next generation
Construction Cost Estimation software can display
changed, new, and deleted objects, and also
automatically update the quantities. The cost
estimating process can be easily adjusted. This
feature helps the estimators to deal with design
changes efficiently.

4

Intelligent match

5

Interactive
visualization

Building elements can be automatically linked to
cost items through the intelligent judgment of the
building element’s properties. This feature reduces
a great deal of effort of estimators.
3D Users can enjoy the best performance of 3D
building model navigation and object details
examination. The 3D building elements and cost
items are highly interactive and selectable. Support
interactive data modifications.

KEY COST INFORMATION MODELLING REQUIREMENT WITHIN
BIM

Cost Modelling from a BIM is not satisfactory to yield the full benefit of Quantity
Surveying service in a BIM based project delivery. Representation of cost
information within the BIM to facilitate other team members and clients in an
effective and meaningful manner for decision making is crucial to yield the
maximum benefit of BIM implementation.

8ġ
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A Building Cost Information Model (BCIM) is different from a Cost Model. Cost
Information Model in BIM should follow the BIM standard where cost information
is a part of “digital description” of the building which computers can read and
make meaningful interpretation. Thus, a Building Cost Information Model is not
a rigid representation of cost items as found in conventional Cost Models or even
in current BIM based Cost Models; it is only embedded information in the shared
BIM model (shared information repository) for any stakeholder (clients,
designers, builders, etc.) to view in a required format using appropriate software
tools at their end.

˗ġ

Denotation of the price of building elements in the

Requirements to be

model itself

addressed through

HIMAL SURANGA JAYASENA ġ

Through the desk study carried out to find out the cost information requirement
of the design stakeholders of a project during the design stage, major
requirements shown in Figure 6.1 were identified and categorized.
In categorizing the requirements, following assumptions were taken in to
account.
˗ġ
The design team members will follow the defined process in developing the
BIM platform.
˗ġ
The conceptual design is modelled in the BIM platform with the aid of
building elements, spaces or spatial structures.
˗ġ
The detailed design is to be developed by subtracting and filling of
geometric bodies of building elements, spaces or spatial structures.
˗ġ
The cost calculations to be performed by external software which is to be
live-linked with the BIM model.

software live-linking and
exporting IFC readable
data
˗ġ

Capability to develop the cost model with design

ġ

development
˗ġ

Flexibility to incorporate price of each element of
the building

Requirements to be
ġ

addressed through IFC
Schema

˗ġ

Indicate the cost changes due to design changes of ġ
building elements

˗ġ

Inclusion of cost of non-geometric information ġ
(Facilitating works, Project/Design Team Fees And
Other Development/Project, Risk Allowance and

˗ġ

Presentation of the cost data in a schedule format ġ
agreed by the design stakeholders

Figure 6.1: Cost Information Requirement of the Design Stakeholders
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Since, live-linking process is not within the scope of the research, only
"Requirements to be addresses through IFC schema" were considered for the
next stages of the research.
In order to facilitate the above requirements in the integrated cost model in the
BIM environment, the IFC4 schema structure was analysed.
7.0

COST INFORMATION REPRESENTATION CAPABILITY OF IFC4
STANDARD

HIMAL SURANGA JAYASENA ġ

In the viewpoint of an integrated cost model in BIM environment, attention is to
be directed towards the relevant schemas of buildingSMART's IFC4 nonproprietary standard. In the IFC4 standard, cost information can be represented
in layers as illustrated in Table 7.1 below (buildingSMART, 2013e).
Table 7.1: Cost Information Representation in IFC4 (Source: buildingSMART,
2013e)

Layer
Resource layer

Schema
IfcCostResource

Description
˗ġ
˗ġ

Provides the means to identify cost
values
Consists
of
3
entities
as
IfcAppliedValue, IfcCostValue and
IfcCurrencyRelationship.

Core Layer

Process Extension

˗ġ

Captures information that supports
the mapping of processes and the
planning and scheduling of work and
the procedures and resources required
to carry out work

Interoperability
layer

IfcSharedMgmtElements
˗ġ Type IfcCostItemTypeEnum
˗ġ Entities 1. IfcCostItem
2. IfcCostSchedule

˗ġ

Captures information that supports
the control of project scope, cost, and
time
Aims to provide support for exchange
and sharing of minimal information
concerning the subjects in scope; the
extent of the model will not support
the more detailed ideas found in more
specialized management applications
Cost
schedules
supporting
hierarchical rows and columns of
costs and quantities

ġ

˗ġ

˗ġ

Domain Layer

10 ġ

IfcConstructionMgmtDomai
n

˗ġ

The following are within the scope of
this schema
1. Resource cost information to
support earned value calculations
2. Resource quantities to support
derived
costs
within
cost
schedules.
3. Time-phased data to indicate
scheduled and actual work, usage,
and costs at particular periods in
time
4. Resource
type
definitions
describing shared productivity and
cost rates that may be applied to
resource occurrences

IfcCostResource schema

SRI LANKAġ

7.1

Resource Layer is the lowest layer which includes all individual schemas
containing resource definitions, where those definitions neither include a
globally unique identifier nor shall be used independently of a definition declared
at a higher layer. IfcCostResource schema in Resource Layer has two types and
consists of three entities as shown in Table 7.2.
Table 7.2: IfcCostResource Types and Entities (Source: buildingSMART, 2013e)

Types

IfcAppliedValueSelect

Defines the selection of whether a
value (expressed as a ratio) or an
amount should be used as the value
for an IfcAppliedValue

Entities

IfcAppliedValue

An abstract supertype that specifies
the common attributes for cost
values

ġ

IfcCostValue

An amount of money or a value
that affects an amount of money.

ġ

IfcCurrencyRelationship

Defines the rate of exchange that
applies between two designated
currencies at a particular time and
as published by a particular source

HIMAL SURANGA JAYASENA ġ

IfcArithmeticOperatorEnu Specifies the form of arithmetical
m
operation
implied
by
the
relationship

ġ

Figure 7.1 depicts two entities of the schema; IfcAppliedValue and IfcCostValue,
which are crucial to the management of cost information in the BIM environment.
Moreover it emphasizes the other entities to be referenced in order to achieve
the management of cost.
ġ
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Figure 7.1: IfcCostResource Schema Entities

Source: buildingSMART, 2013e
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Figure 7.2: IfcCostResource Schema Entities

Source: buildingSMART, 2013e
7.2

IfcCostItem

The IfcCostItem describes a cost or financial value together with descriptive
information that describes its context in a form that enables it to be used within
a cost schedule. An IfcCostItem can be used to represent the cost of goods and
services, the execution of works by a process, lifecycle cost and more.
Each instance of IfcCostItem may have a name and a description. Depending on
the use for which the cost is intended, these values should be asserted on the
basis of agreement. An IfcCostItem can link one or many IfcCostValue's
representing a unit cost, total cost, or a unit cost with one or many quantities
used to generate the total cost. The quantities can be given as individual
quantities, or those quantities are provided as element quantities by one or many
building elements.
The IfcCostValue.CostType attribute indicates the category of cost, which may
be used to represent the value in a particular column. For nested cost items
(having IfcRelNests relationship), IfcCostValue.CostType is significant such that
IfcCostValue.AppliedValue is calculated as the sum of all nested costs having the
same IfcCostValue.CostType or if set to an asterisk ('*'), then the sum of all
nested costs of all cost types. An IfcCostValue may represent an original value or
a value derived from formulas using IfcAppliedValueRelationship.

13 ġ
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7.3

IfcCostSchedule

An IfcCostSchedule brings together instances of IfcCostItem either for the
purpose of identifying purely cost information as in an estimate for constructions
costs or for including cost information within another presentation form such as
a work order.
Generally, the EXPRESS language – as part of the descriptive methods - defines
information requirements in the application protocols; it has both a lexical,
complete notation intended for implementation, and a graphical, partial notation
which mainly used for presenting information (EPM, 2002). Implementation
methods specify how to access application instance data defined according to an
EXPRESS schema (Wang et al, 2007). Currently there are two implementation
forms: STEP physical file - designed for file-based data exchange, and Standard
Data Access Interface (SDAI) - designed allowing access to a database (EPM,
2002; Tanyer and Aouad, 2005).
8.0

IFC GAP ANALYSIS

The requirements to be addresses through IFC schema listed in Section 6.0 were
considered as the basis for analysing the gaps. The first step was to map the
requirements to the IFC4 data structure as defined in available IFC specifications.
The following Table 8.1 shows the mapping of requirements in Section 6.0.
Table 8.1: Mapping Key Requirements with IFC4 Specification

Requirement

Availability in IFC4 Specification

Flexibility to incorporate price of each Already fulfilled in IFC4 standard under
element of the building
IfcCostResource schema
When assigning cost for the building
element, better to include both parameters;
o Rate (Price per unit of measurement)
o Amount (Rate x Quantity)
Indicate the cost changes due to design Implementation Agreement needed
changes of building elements
Inclusion of cost of non-geometric Implementation Agreement needed
information
(Facilitating
works,
Project/Design Team Fees And Other
Development/Project, Risk Allowance
and Inflation Allowance etc)
Presentation of the cost data in a Already fulfilled in IFC4 standard under
schedule format agreed by the design IfcCostSchedule schema
stakeholders
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As per the gap analysis conducted, most of the major requirements are already
fulfilled by the IFC4 specification. In order to support integrated cost modelling in
the BIM platform, proposals for incorporating the unaddressed requirements
were decided as illustrated in Table 9.1 and Table 9.2.
Table 9.1: Proposal 01

Proposal 1ġ

Assumptions
(Same
as
Section 6.0)

Basis
of
Proposal
Details

in

the

Indicate the cost changes due to design changes of
building elements
˗ġ
The design team members will follow the defined process
in developing the BIM platform.
˗ġ
The conceptual design is modelled in the BIM platform with
the aid of building elements, spaces or spatial structure.
˗ġ
The detail design is to be developed by subtracting and
filling of geometric body of building elements, spaces or
spatial structure.
˗ġ
The cost calculations to be performed by external software
which is to be live-linked with the BIM platform.
IFC4 Schema Examples - E.6.1 Wall with opening and window
˗ġ

˗ġ

˗ġ

˗ġ

˗ġ

˗ġ

˗ġ

˗ġ

The
wall
object
(IfcWall)
and
the opening
(IfcOpeningElement) are connected via the objectified
relation IfcRelVoidsElement
IfcRelVoidsElement in Product Extension of Core Layer is
an objectified relationship between a building element and
one opening element that creates a void in the element,
which implies a Boolean operation of subtraction between
the geometric bodies of the element and the opening.
The IfcRelVoidsElement is connected with the wall via the
relationship RelatingBuildingElement and to the opening
element via the relationship RelatedOpeningElement.
The window objects (IfcWindow) and the opening
(IfcOpeningElement) are connected via the objectified
relation IfcRelFillsElement.
IfcRelFillsElement in Product Extension of Core Layer is an
objectified relationship between an opening element and
an element that fills (or partially fills) the opening element.
The IfcRelFillsElement is connected with the opening
element via the relationship RelatingOpeningElement and
to the window via the relationship RelatedBuildingElement.
Accordingly it is quite clear that BIM platform
accommodates to assign relationship with "Subtracted
geometric body of element" and "Element and an element
that fills (or partially fills) the opening element".
Though Product core facilitates above for geometric
representation, IFC specification yet does not support
these relationships in Process Extension of Core Layer.
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Application

˗ġ

Provide minor changes to the IFC schema to incorporate
relationship with "Subtracted cost of subtracted geometric
body of element" and "Cost of Element and Cost of an

element that fills (or partially fills) the opening
element" (Figure 9.1).
˗ġ

˗ġ

HIMAL SURANGA JAYASENA ġ

˗ġ

It is essential to build up link the above introduced
relationships with existing "Subtracted geometric body of
element" and "Element and an element that fills (or
partially fills) the opening element"
Since in these two relationships, the IfcOpeningElement is
shared, it would be better to assign the cost change to
IfcOpeningElement.
Through these changes to the IFC schema, the cost
change occurring due to design development will be
available in BIM platform

ġ
Figure 9.1: Required Changes in IFC Schema
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Table 9.2: Proposal 02

Proposal 2ġ

Assumptions
(Same
as
Section 6.0)

in

Concerns of the
Proposal

Application

10.0

Inclusion of cost of non-geometric information
(Facilitating works, Project/Design Team Fees And
Other Development/Project, Risk Allowance and
Inflation Allowance)
˗ġ
The design team members will follow the defined process
in developing the BIM platform.
˗ġ
The conceptual design is modelled in the BIM platform with
the aid of building elements, spaces or spatial structure.
˗ġ
The detail design is to be developed by subtracting and
filling of geometric body of building elements, spaces or
spatial structure.
˗ġ
The cost calculations to be performed by external software
which is to be live-linked with the BIM platform.
˗ġ
Representation of non-geometric information in the BIM
platform with the current IFC4 schema leads to several
issues as IFC schema is developed around building
elements, spaces or spatial structure
˗ġ
In order to have visualization of the non-geometric
information, a Graphical User Interface will have to be
developed in which these information can be managed and
interpreted.
˗ġ
It should be noted that live links should be available
between BIM platform and non-geometric information.
˗ġ
In order for management of cost of non-geometric
information, link between these information and external
costing software is essential.
˗ġ
As presentation of the cost data in a schedule format
agreed by the design stakeholders is already fulfilled in
IFC4 standard under IfcCostSchedule schema, calculated
cost information can be included in the cost schedule
through the live link with the external software.

HIMAL SURANGA JAYASENA ġ

Requirement

CONCLUSIONS

It has been identified that in order to achieve the key cost information modelling
requirement within BIM, interoperability through open standards is critical. When
the main motivation of software developers is concerned, it usually does not
involve enabling open interoperability, but concerns on trading software and
assuring of market share. However, the openBIM initiative by buildingSMART
and its members who are software vendors is a clear indication of their
acceptance of the need and commitment for interoperability and open standards.
The latest open standard released by buildingSMART; IFC4 schema specification
provides a reasonable basis for representation of cost information in BIM
platform. Through the gap analysis it was identified that the basic and essential
requirements were already addressed through IFC4 schema.

17 ġ

ġ

SRI LANKAġ

The suggested proposals attempt to address the identified gaps. It should be
noted that for the execution of the implementation agreements proposed,
software applications need to be developed which have the capability
appropriately to export cost information to BIM. But, for software vendors to
venture on developing such applications, they require assurance that the
implementation agreement is practical and acceptable for the industry needs.
This can only be achieved by wider participation of stakeholders. Therefore, this
proposal is extended to a call for all Quantity Surveyors and Cost Modelling
application developers to get together to develop a comprehensive BCIM,
Building Cost Information Modelling, (or BIM Cost Information Modelling)
framework which can make a significant positive change to conventional Cost
Modelling.
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Abstract
BIM has great visualization, digitalization and quantification advantages in
engineering project, especially during the construction process. As a tool, it can
manage the whole life circle of a project more efficiently and more transparently,
BIM will let all interested parties join the project process at any time.
Keywords: BIM,
project
quantification
1.

management,

visualization,

digitalization,

Overview

The architecture engineering construction (AEC) industry faces both
unprecedented opportunities and grim challenges. Now the Western real estate
industry has been restoring since the 2009 crisis, the Asian and African
construction market remains huge space, and people are pursuing green and
zero energy building. These are all opportunities for AEC industry. Meanwhile,
the rapid growth period of construction industry has past, the labor cost is
increasing, and the construction enterprises need to move toward intensive and
delicacy management. As shown in Figure 1, the average salary has reached its
highest peak in history.
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Figure 1: The PayScale Index: Construction Industry by Quarter

The productivity of construction industry affects the social development and
quality of life. This industry, which accounts for 10% of global GDP, 7% of global
labor, 40% of global energy consumption, and 50% of total global resource,
plays such a decisive role in every country. However, it is suffering from very low
productivity. Moreover, in recent decades, all non-farm industries enjoyed a solid
growth of productivity, but the productivity of construction industry is declined.
Figure 2 shows the change of productivity of construction and non-farm
industries.

Figure 2

Tġ

2ġ

ġ

ġ

ġ

GOLD SPONSOR - TECHNICAL PAPER
GLODON SOFTWARE CO., LTD.

The 1983 report of the Business Roundtable entitled More Construction for the
Money (BRT, 1983) identified an array of obstacles hindering productivity:
1. Adversarial relationships between owners and contractors, management
and labor, union and open-shop workers, business and government;
2. The lack of accurate information about the industry, its projects, and its
labor supply;
3. Poor safety performance;
4. Undertrained foremen and poor job-site management;
5. A lack of training and education for the workforce;
6. Disinterest in adopting new technologies and a slow pace of innovation;
7.
The lack of management systems;
8. Government regulations, including building code administration.
The same Business Roundtable report presented 225 recommendations for
overcoming the identified obstacles and for saving at least $10 billion annually
(1983 dollars) (BRT, 1983). The majority of recommendations involved
improving various aspects of project management, including planning,
communications, supervision, and personnel and manpower practices.
BIM, as an innovation technology, is worth significant value for AEC project
management. In Section 2 we will focus on the important value of BIM and the
connection between BIM and project management; in Section 3 we will analyze
how BIM supports project management; and in Section 4 we will summarize.
2.

BIM for project management

CAD, which allowed the engineer getting rid of the drawing board and using
computer to draw, is a great IT innovation in AEC industry. However, CAD only
changed the tool and mode of working, but the thinking behind remains the
same. Also CAD only brought change to the design area, but not the construction
and operation areas.
BIM, in the contrary, has much more impact than CAD. At its birth, BIM aimed at
the whole life circle of a building (as shown in Figure 3), starting from the
programming, all along through the conceptual design, detailed design, analysis,
documentation, fabrication, construction, operation and maintenance, and
demolition. In the life circle, not only the designer, but also all participants of
construction industry are tightly connected by BIM.
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Figure 3

BIM brought new idea, new method and new working habit to construction
industry. But we should also admit that BIM is not a universal solution, and we
need to have a clear understanding of BIM. During the application of BIM we all
realized the importance of 3D model. But modeling itself is not our goal, the most
important is combining business and model.
In the first section we have analyzed that the major obstacles hindering
productivity came from project management, so improving management is our
first priority. During the research and practice we found out that by integrating
BIM with project management, we can solve many problems such as inaccurate
information, shortage of management system, and adversarial relationships
between all parties. The relationship between BIM and project management is
shown in Figure 4.
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Figure 4

BIM not only has 3D model, but also a variety of data and information that closely
related to the 3D model. The data and information provide accurate and timely
data for all parties of the project, and allow 3D visualization. Based on these
models, data and information, all parties are well involved and collaborated.
3.

BIM supports project management

We can analyze how BIM supports project management from multiple
dimensions. A relatively simple dimension is the 8 knowledge areas of project
management, that how BIM supports cost management, schedule management,
subcontract management from project management knowledge. The 8
knowledge areas of project management are very mature, but BIM brings
significant value to make these 8 major areas closer together. That is why I
would prefer to value the project management as a whole when analyzing BIM’s
project management.
BIM brings a large scale of value to project management, but we are going to
analyze only 3 most important values: visualization, digitalization and
quantification.
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3.1 Visualization
In the real world buildings are three-dimensional. In the old way, the architects
should first conceived the 3D shape of a building in mind, then expressed and
communicated based on 2D drawings, and during the construction restored the
2D information into 3D. The process of 3D to 2D to 3D, not only increases the
complexity which is error-prone, but also limits the untrained personnel involved
in the design process because they could not think in the way of 3D-2D-3D. BIM,
in another way, omits this 3D-2D-3D process. It lets every party of the project,
whether government official or ordinary worker, understand the 3D model and
therefore communicate based on the 3D model. Figure 5 shows the relationship
between 2D and 3D.

Figure 5

A construction project is usually initiated by the high-level decision-makers, who
are the most important project stakeholders. In the era of 2D, due to technical
reasons the decision-makers were difficult to participate in the project process.
However, when the project was ending, the decision-makers usually found out
that the outcome deviated from their demands. But at that time, the project was
unable or very hard to be modified.
In our practice of the new Glodon building project, we let our company
executives be deeply involved in project management from the beginning. The
3D model can be not only shown by professional software, but also converted to
a tablet PC and mobile phone, making decision-makers very easy to view, review
and comment on the project . Figure 6 shows the effect of the new Glodon
building on the Tablet PC.
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Figure 6

3.2 Digitalization
In addition to the ability that the 3D building model can be accurately
represented, various kinds of the building properties and details can also be
expressed in our computer. For instance, sunlight in each room will have a great
impact on the comfort level. We can digitize the daylight by computer, and
analyze the sun exposure situations in each room. It allows us to find the sunlight
problem in the design phase and make modifications. Figure 7 shows the light
intensity of each room on July 21, 2011 at 1 pm with different colors.

Figure 7
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Besides sunlight, there are many other properties which can be digitized. The
energy consumption, for example, is possible to be accurately measured and
analyzed. The nearly zero-energy building is designed with deep digital analysis
in order to achieve the green building standards. Room temperature, humidity,
air quality, and other properties also can be accurately quantified.

Figure 8. Energy consumption simulation

Figure 9. Wind flow simulation

3.3 Quantification
Some large Chinese enterprises, especially super construction enterprises, use
project management software system in order to improve their management
level. However in the reality work, the management system hardly acts well. One
of the most important factor, despite the imperfect system function and
unreasonable business processes, is the lack of accurate and timely data. All data
is a summary of each level’s report, and is out of touch with the day-to-day
practical operations. The project management system is reduced to a data
reporting system.
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Enterprise or project decision-makers need to do a lot of important judgments
and decisions based on accurate and timely data. Due to a lack of data, project
management capabilities may vary widely. Experienced project managers,
according to their own experience, can make relatively accurate judgments. But
each project with different personnel cannot exclude the deviation of qualitative
rather than quantitative analysis easily.
For the cost estimation, cost engineers need to spend a lot of time and effort to
calculate the quantity and price of a project. BIM can quickly count the amount
of cost, and let the engineers be free from tedious labor and focus on cost
management.
BIM can also be integrated with Internet of Things to get variety of quantitative
data, as shown in Figure 10.

Figure 10. BIM and Internet of Thing

4.

Summary and prospect

This paper analyzes the relationship between BIM and project management, and
illustrates the importance of BIM for project management especially in the
visualization, digitization and quantification areas. BIM is able to support the
combination of project management and day-to-day operations, and improve
the management level of the construction project.
Project management of the construction industry itself is in constant
development, such as adopting new management methods like IPD (Integrated
Product Delivery) and lean construction. We will also explore the close contact of
BIM and IPD, BIM and lean construction in the future.
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