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ABSTRACT

The adoption rate of BIM (Building information Matleg) in South Africa is substantially
lower than many other countries both developeddawloping, which is surprising given
BIM’s significant advantages particularly in autding clash detection within design
information, which has been a significant challefayedesigners and project managers. Such
clashes betweenter alia different building services and systems are fratjyea major

cause of cost overruns and delays on South Afigoaistruction projects. The benefits of
such BIM functionality may well be the necessaiyidg force behind BIM adoption.
However, in adopting change, the industry is oftlev and often requires clients and end
users to drive change in a fragmented industrip@g are often the parties that stands to

benefit the most, and this is arguably true of BIM.

This study focuses on private sector clients of3bath African construction industry, and
whether they have identified the potential of udill to minimise clashes between building
services on their projects. The study revieweddttgre on the current state of BIM adoption
internationally and in South Africa along with thenefits of using BIM on projects in South
Africa and abroad. The benefits of BIM adoption &summarised and were distributed to
several pre-selected interviewees to read. Inter/iwere conducted based on a questionnaire
that was set up drawn from client organisatiorth@private sector. The data was
represented graphically and the outcomes of tieavii@ws analysed. The interviewees were
generally of the mind that they should not be thery force behind BIM adoption. They all
agreed that their consultants should implementcasy or time saving technology as a value

added service to them.

Keywords: BIM, Building Information Modelling, Class, Clash Detection, Property

developers, Designers, Developers, Variations,
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1 Introduction

1.1 Context of the Study
BIM, or Building Information Modelling, is generglconsidered to be the digital
representation of knowledge pertaining to a coesitva project in which different designing
entities (Structural/Mechanical/Civil Engineers ardhitects etc.) collaborate and merge
their digital designs. BIM can be viewed as a psscer a piece of software (Ahmed,
Damien and Price, 2012).

BIM has the potential to revolutionize the Southiédn construction industry as it is already
doing so in the United States and other countriesral the world. In the United States a
2012 study by McGraw Hill concluded that BIM techogy increased profits and reduced
project costs (McGraw Hill Construction, 2012). Hoxer uptake in SA is slow as indicated
by www.implementbim.com which states that therecameently only four registered BIM

consultants in South Africa As of December 2015.

One of BIM’s key functionalities is the ability tietect clashes between services, such as an
air-conditioning duct that intersects a sprinklgrep Traditionally these clashes may have
only been detected on site despite attempts tadowde designs beforehand. Such clashes
may require remedial or additional work in addittorredesign. If they are only discovered
on site, these non-value adding costs will typicedlsult in variance orders, as they are not
part of the initial scope of works and they do footn part of the basic budget on a project. A
variation order is any modification to the conttedtguidance provided to the contractor by
the client or the client's representative (Araid &meng, 2005) This paper focusses

specifically on variation orders that are causedumh design clashes.

Variance orders can be categorized as being deotdifferent events; an instruction to
vary the design and, an instruction to resolverdg&ncies between contract documents
(Ndihokubwayo, 2008). Discrepancies between conhttacuments including drawings,

specifications, and schedules lead to variancégdimg clashes between services.

Generally the problem of design coordination ofding services has always existed on
building projects. To minimise the problem, manyisoare spent manually integrating

drawings by using techniques such as redlining oirgsv However whilst this reduces the



risk of clashes, it does not eliminates the risklafhes occurring on site. In contrast, the use
of BIM provides the opportunity to make these mamiagrations redundant, by automating

the process.

Direct and indirect non value-adding costs, whiah sclude waste, are associated with
variation orders. Non value-adding costs contritbatligher construction delivery costs due
to wasted materials and the inefficient use of ueses (Ndihokubwayo, 2008). As a result of
non-value adding costs caused by clashes, thelbweshof a project is increased. This may,
in turn, impact on the feasibility of approving theject for construction in the first place
particularly by developers who, along with therdnciers, require a minimum return to be
achieved before projects are allowed or proceeab&ly, the construction industry has been
reluctant to adopt new technologies (Davis, 20@8sh detection in buildings, facilitated by
BIM technology, could reduce the costs relatedaidance orders by detecting the clashes
early and bypassing the need for rework on sites thaking the technology an attractive
value adding service that will need to be offeredltents by consulting firms in order to stay
competitive. The scale of the problem is illustdalby a study done by Sunday (2010) which
indicates that the additional costs on a projeat Were associated to variance orders was
equal to an average of 28.68% of the original btid§éhe project for projects managed by

consultants.

Such additional costs on a building project is eensal problem in the back of every
Quantity Surveyors mind, however using BIM softwduging the process could significantly
decrease the likelihood of such overruns occur(fiazli, Fathi and Enferadi, 2014). This
study focused on overruns incurred by the clientvay of clashes between different building
services that may be designed by different desigisultants. Where clashes occur, such
services need to be re-routed; this leads to unjotoe: work, delays, cost overruns, as well

as redesign.

BIM technology detects clashes early, making coiesitvn projects less risky for

stakeholders by reducing the opportunity for clabpsontractors, improving workflow, and
allowing more accurate planning and program con&adl thus, possibly, a more attractive
investment case. However, before this can hagpengsistance to adopting BIM must be

overcome and evidence shows that the technologyikely have to be demanded by clients



or be mandated by government. It is therefore ptessihat South African clients will need to

demand that their consultants make use of BIM teldgy as a cost saving tool.

Clashes are generally considered a major probldhmeiprivate construction sector of South
Africa, and currently BIM technology may not bemgerequired by clients. Thus, the
opportunity to minimise variance orders due toglesilashes, is currently being lost. A study
on clients is required to find the root cause @ thg behind the international industry

standard and to test the South African privateosestients’ awareness of BIM technology.

1.2 Problem Statement
Variance orders related to clashes between dekgmeats impose a significant cost on
construction projects in South Africa. BIM has fi@ential to minimise this cost by
detecting clashes before construction starts atigwhe problems to be resolved whilst still
in the design stage, as it has been successfoimg do in other countries such as the United
States and Britain. In such cases, the adoptiotéas driven by the pubic sector mandating
its use as clients. However, despite the existehdas functionality South Africa has no
framework in place to implement this technologyopton in South Africa appears to be
limited to specialist areas such as process engingeeather than mainstream commercial
buildings. International adoption of BIM has beeiven by clients, thus the extent of local
client awareness regarding the benefits of usid 8l minimise variance orders, caused by

clashes in design information, needs to be assessed

Thus, there is a need to assess clients’ viewb@slow adoption rate of using BIM
technology to minimise variance orders for the 8dfrican Private Sector, specifically for
the function of clash detection. This study wiB@kim to identify possible reasons why BIM

is not being demanded by clients.

1.3 Research Question

From the above research problem, the following arinresearch question can be drawn:

* Are clients in the private sector of the buildimglustry in South Africa aware of the

functionality of BIM technology, and are they regtieg its use on their projects?
From this, the following secondary research quastarise:

* Do consultants offer BIM as a value added senoc@t an additional cost?
3



* What makes BIM attractive to Clients in the Soufhidan Private Sector?
* Are Clients in the South African Private Sectorlwg to invest in BIM?

* Is alack of demand from clients the reason why BNieing adopted so slowly?

1.4 Aim
The aim of this study will be to assess the sloapéidn rate of BIM technology for the
functionality of the minimisation of variance orden the South African private sector,
specifically for the function of clash detectiorhi§ study will identify whether private sector
clients are aware of the technology, and if theydemanding its use on their projects. The
study will also aim to find out if construction caritants in the private sector are offering

BIM as a value added service or at an additionst.co

1.5 Objectives

The objectives of the research are to identify Wweet

» Private sector clients know of, and understand \Bisl is.

» Private sector clients are aware of the clash tletefunctionality of BIM.

» Private sector clients are aware of savings in bogit and time that BIM produce
internationally.

» Private sector clients demand BIM as a value adédedce, or if it is offered to them
at an additional cost.

» If Property Developers believe BIM Technology hdstare in the Private sector of

the South African Building Industry.

1.6 Methodology
The type of research that will be undertaken ia qtialitative nature and will be conducted
through interviews based on a prepared questiaangire sample size will be small as
companies generally have a singular procedurerttulsple interviews per company is not
necessary. The research is of an exploratory @asinot much is known on the subject. The
study will be aimed at clients in the private secadso known as property developers. A
short description of BIM technology with its bersfwill be given to the interviewees to read
through before the interview begins. Interviewedbkalso be asked to rate the benefits of

BIM usage on an appropriate scale. The data vl the dissected and analysed. The sample



in small and will not be statistically valid, howanas a representation of the more

sophisticated private sector developers, it coaesgnificant part of the market.

1.7 Propositions
Private sector property developers stand to gamtbst of all project stakeholders
from BIM clash detection functionality being usedtbeir projects
2. Thus. private property developers should be thardyiforce around the adoption of
BIM
3. The slow adoption of BIM indicates that privatetse@roperty developers are not

aware of the benefits of BIM to minimise the vadarorders on their projects

1.8 Justification of the Research
This study will be done to analyse the hurdlesroloting BIM integration in the South
African private sector market, with special foche tole of Private Sector developérkis
technology could be (and is internationally) usetessen the cost risk factors related to
construction i.e. clashes. Lower risk investmenitktiws lure investors to the South African

construction industry.

Knowing whether the technology will become essémti@ontractors will place more
pressure on consultants to receive training irfitie of BIM, and also for government to
implement a growth strategy for the technology. Tike of BIM technology has been shown

to reduce wastage on site, which is of benefitltpaties, as well as the environment.

1.9 Delineations
This study will focus on clients in the buildingdumstry. They are also called owners or

property developers.
This study will focus on variance orders that oatue to clashes only.

The Private Sector in this study refers to devat®pé office space, retail, and mixed use

developments.

This study will be limited to the Private Sectortloé South African Building industry, with

specific focus on commercial building projects wug Africa.



1.10 Assumptions
International studies regarding the barriers to Bidlbption are assumed to apply to the

South African built environment.

1.11Limitations
This Study will not be able to survey the entirerkee but rather clients in the private sector
of the south African construction environment wilge turnover, or involvement in

projects over fifty million rand.

This study does not aim to address the role ofletgiry requirements of BIM adoption in the

South African construction sector.

1.12 Structure of the Research Report

The report consists of the following chapters:

Chapter 1: Introduction The Introduction sets out to the reader the ephof Building
information modelling. This includes the definitiohBIM, along with the different levels of
BIM, and its history in the construction industihe introduction will also highlight BIM’s

proven advantages in the international construaimrironment.

Chapter 2: Literature RevievCurrent Literature is used to educate the readehe current
state of BIM adoption internationally and what lpens have been experienced through the
transformational period of BIM adoption. In thattéhe reader will find what benefits of

BIM are currently being enjoyed in the USA as vesllthe United Kingdom.

Chapter 3: Research Methodologhhe use of the research methodology, namely tatiak
with quantitative properties is justified in thisapter. The reasoning behind the choice of the

questions in the questionnaire is also explained.

Chapter 4: Data presentation and AnalygMl information gathered from interviews will be
dissected and tabled. The data will be presentéabies and graphs and the findings will be

tied back to the literature.

Chapter 5: Conclusions and recommendatideased upon the data, conclusions will be

drawn and recommendations for the industry reggr8itM implementation will be given.



2 Literature Review

2.1 Introduction
“Building Information Models (BIMs) can suppamvners, designers, and builders in their
creation and coordination of the design of buildsygtems and planning of construction
work, in their processes for fabrication and buigdiand in their processes for operating and
maintaining, as well as decommissioning their faes.” (Tommelein and Gholami, 2010)
This chapter sets out to educate the reader otetir@tion of BIM, along with its functions,
and the barriers to BIM adoption that have beeresgpced in the construction industry up
to now. The problems that are associated with elgsfamely variances and time overruns

are also investigated.

The same benefits related to BIM internationallyf aiiso apply to the South African market.
The proliferance and effects of variance ordemrirdtionally are assumed to apply locally.
Ibbs, C.W., C.K. Wong and Y.H. Kwak, 2001. Projelsange management system. J.
Manage. Eng. ASCE, 17(3): 159-165.

2.2 What Building Information Modeling is.
Building information modelling or BIM is an integead computer generated n-th dimensional
model that represents a building project and siteslthe coordination, planning, building

and operation of the project (Azhar, Hein and Sk2@®8)

The n-th dimension of the model represents to whktnt building information modelling
has been applied. This ranges from:

« 3D BIM (Includes all three dimensions relating pase)

* 4D BIM (as 3D BIM but with the added dimension iofi¢)

» 5D BIM (as 4D BIM, but with the added dimensionGiist)

* 6D BIM (as 5D BIM, but with the added dimensionfatilities management)

Through BIM, the entire project lifecycle can beppead out, and the benefits of this are

discussed in detail in this review.

According to a document named Industrial stratggyernment and industry in partnership
published by the British Government in 2012, (BimtdInformation Modelling, 2012):

“Building Information Modelling (BIM) is a collabative way of working, underpinned by
7



the digital technologies which unlock more effidiemethods of designing, creating and
maintaining our assets.” BIM in essence then ikintause of digital models to design, build
and manage a building.

2.3 The need for Building Information Modeling

Industries worldwide have adopted integrated teldwies, with the result being near
doubled productivity and competitive gain; howewhe construction industry has not done
the same (Bernstein and Pittman, 2004). Accorthryhmed, Damien and Price (2012)
BIM technology stands poised to solve many of th@teomings of the construction
industry.

Below is a graph from the Stanford University’s @erior Integrated Facility Engineering,
showing that productivity in the construction inttyshas declined throughout the

technological revolution over fifty years:

Productivity Index (1964-1998)

(Constant $ of contracts / workhours of hourly workers)
sources: US Bureau of Labor Statistics, US Dept. of Commerce
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Figure 2.1 The productivity index of the construction industry versus all non-farming Industries (Howard and
Ander sen, 2000)

From Figure 2.1 above, one can deduce that thegegroductivity for all industries has
steadily been increasing over fifty years, the tmesion industry has not followed suite, and
in fact has declined.



Overview of productivity improvement over time Manufaaturing
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Figure2.2b (Changali, S., Mohammed, A., Niewland, M. (2015)
The international construction industry is currgnihdergoing a large scale transformation,
and this is due to Building Information ModellinBI). This study focuses on large scale

property developers, who are generally referreaktthe clients in the construction industry.

2.4 The functionalities of Building Information Mod elling
Figure 2.2 (Sattineni, 2011) shows that after Amattural Modelling, Clash detection is the
most used function of BIM on a project. This speaisimes for the effectiveness of BIM
models. As per the graph below, clash detectiameésof the largest benefits of using a BIM

design approach to a project.
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Figure 2.3 Thefunctionsthat BIM is being used for (Sattineni, 2011)
Apart from clash detection, additional variances lsa picked up in a BIM model, which will
reduce risks relating to budgets. ‘BIM-assisteth&stie demonstrated better performance

over traditional estimating methods for the enayel user’ (Shen and Issa, 2010).

2.5 The benefits of using Building Information Mode ling

The Stanford University Centre for Integrated Raes8 Engineering conducted a study
(CIFE, 2007) on thirty two large scale projects &mehd that BIM has attributed to:

» A decrease of up to forty percent in unbudgetedsoms the projects.

* The accuracy of estimates was within a three péteeange

* A decrease in the amount of time required to do estmates that equated up to a

maximum of eighty percent decrease.
* The contract sum was decreased by an average péteant due to clash detection.

* Project times were decreased by up to seven percent

The significance of this study is paramount, asavere orders due to clashes is a major cost
on construction projects. 5D BIM includes the aogtaspect of a project. BIM technology
has the capability of producing a bill of quansti®y having this information available a
Quantity Surveyor can draw up a more accurate agtimf the total cost of the project, as

well as reducing the risk of unforeseen costs. @Qtyatiata can also assist the appropriate site
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management feature, e.g. site safety, and minim@nsite storage (Arayici, Egbu and
Coates, 2012).

The use of BIM technology is a step away from tiadal methods. Such a paradigm shift in
methods is classically met with resistance in thié Bnvironment. Adopting BIM will

require consultants and contractors to be retranvbih has cost and time implications for
firms. Widespread BIM usage will change the waynestors and Quantity Surveyors work
(Whyte, 2012). BIM is being adopted slowly in th&,Uhe reason being that construction
firms are not familiar enough with the technologyse it, which shows a definite reluctance

to adopt new methods.

Detailed construction cost estimates require a cehgnsive and thorough understanding of
the relationships among building systems. (Shenssal 2010). The use of clash detection
in the preliminary stages of construction of a eebjcan reduce the need for contingencies.
The construction industry is slow to adopt new tebgies, as one of the basic rules of
reducing risk on projects is to avoid innovativehteologies. Ahmad, Demain and Price
(2012) states that clients get a better scope ahaanof the design, whilst mentioning that
BIM helps in construction planning by means of gatash detection (Ahmad, Demain and
Price, 2012)

One of the largest risks to most forms of consiouctontracts is uncertainty, and new
technologies bring with them large amounts of utaeety. This leads us to the question, if a
professional has been working in the industry fangnyears, and has been successful with
methods used over his/her career, why would thaepsional embrace a new technology?
“...constructors must retrain their staff to perfoestimating activities with the help of BIM
technology. The task of training an entire estin@staff is expensive and the question of
‘cost of change’ is an important one that constomctompanies must carefully consider.”
(Sattineni, 2011)

According to Ashcraft (2009) BIM can be implemeniediifferent ways, being split into

three general groups:

* The design team (Architects and Engineers)
* In office (a single firm such as the Structural Eegr)

» The project delivery team (including the contra@od consultants)
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To effectively detect all clashes the BIM model =& be used by the entire design team as
well as constantly being updated by the parties. ddllaboration of all designers of a project
is essential for the optimal utilisation of thelteology. BIM technology allows for a live
model, and as soon as one party updates the ntbealther parties become aware of the

change, and if need be they can adapt their desigvell.

In the USA, many case studies on BIM have beenethaut to track the effect that BIM
technology has on construction costs, includingykelcost overruns, and misinterpretation
of drawings. The average BIM return on investmer@486%, which clearly depicts its
lucrative economic benefits (Azhar, Hein and Sk2@f)9). According to Ahmad, Demain
and Price (2012), the cost of BIM implementatioa isiajor limitation to adoption as no
clear lines are set out to define the roll out €0dtith this knowledge comes the argument

that BIM support needs to form part of the consulgaprofessional fees.

In another study, done on estimators, by Star®8ti 1), Sixty-nine percent selected that BIM
has improved the quality of estimating. Howevesslthan thirty percent of larger general
contractors selected that BIM has improved theityuaf estimating. Ahmad, Demain and
Price (2012), argue that BIM can also help with famncial quantifications of projects. This
in itself saves a client money as more designdeatosted so that an informed decision can

be made on which design will prove the most lugeatienture.

The building industry is fragmented with each maragsing their own methodology, which
inhibits the use of a single, coordinated technplddpe first reason that BIM is slow to be

accepted by all parties privy to its use, is that¢ is no single platform for professionals to
familiarise themselves with. “The array and depl@nt of digital tools is thus considered to

be fragmentary” (Bernstein and Pittman, 2004)

Many software companies have their own BIM packayeslable, and wish to make their
product the industry standard. However, these ggekare not compatible with each other
and as a result many professionals are reluctargda different package on every new
project. “There is a need to standardize the Bibtess and to define the guidelines for its
implementation” (Azhar, Hein and Sketo, 2009).
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2.6 The Causes of Variance orders
According to Memon, Rahman and Hasan (2014) vagiamders can be defined as an
“amendment of the original scope of work as ind¢batract.” Variance orders are thus works

that need to be executed on site that was not pthanbudgeted for.

According to experts in the field of BIM Tommeleand Gholami (2012) there are three

types of clashes, and they include:

1. Hard Clashes: A hard clash occurs when two or more building congnts intersect
each other on the same plane, hence according tesign they occupy the same
space. As this is physically impossible, varianaeos come about. Such as when an
air conditioning duct has been designed to occhpysame space as a waste pipe.

2. Soft Clashes: These clashes are also referred to as clearaasiges. These clashes
come about when certain components are closercto@her than what is allowed by
building regulations or standards. An example wdaddvhen a power cable nearly
touches a warm water pipe.

3. Time Clashes. These clashes occur when two items occupy the spate at the
same point in time, for instance two doors tharsgct when opened at the same

time.

Engineering and Architectural drawings need to sbpenings for services, and once a slab
is cast or a wall is built, the contractor needmtike use of a coring machine to allow
services such as drainage pipes to be installdésigned. The problem originated from a
lack of coordination between designers. When ckableéween trades are predetermined,
Engineers will be able to optimally design thefustures without the need to use extra
reinforcing to allow for additional core drilling accommodate clashes between slabs,
surface beds, columns, and services. The cliergfitresaves on the cost of coring as well as

reinforcing.

Variance orders can come about in a wide varietyafs. This study will focus on variance
orders that occur due to clashes only. Accordinfammelein and Gholami (2012) the

causes ohard clashes include:
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Design uncertainty: When a designer has not concluded a final compg@petification, a
placeholder for that item is inserted into the gesirhe specific component thus potentially
has the incorrect dimensions which can lead tord ¢tlash when the design is completed.
Design rulesfailure: Designers do not pre determine which service @adupy what spaces
on the project, designers thus optimally desigrttieir trade only, and clashes are bound to
occur.

Design Complexity: Areas of great complexity may be left for clasteesccur with prior
knowledge that the design may change. This is campnactice and may have to be resolved
during construction.

Deadlines: Designers may leave clashes knowingly, as theg daadlines to meet. This
costs the client money, due to a lack of planninghle consultant.

Design errors. This occurs when incorrect dimensions or locatimmstransferred to

drawings that are for construction.

BIM’s ability to instantly detect clashes and norgia of error make it more efficient in
mitigaring and eliminating hard clashes (Fazliffrand Enferadi, 2014).In regards to soft
clashes Tommelein and Gholami (2012) observedmisdirily Place holder items: When
two place holder items are used, i.e. blacked pates, they sometimes collide without an
actual clash occurring. Items may also not alloaugih space for access by conventional
planning thus an alternative method could be usel as a cherry picker in lieu of
scaffolding. The researcher believes that thialge an avoidable error that is caused by

human errors like time constraints or laziness.

2.7 The Effect of BIM on variance orders due to Cla  shes
Clash detection in BIM models can be used to miséntiost overruns due to variance orders.
Reise (2011) states that BIM can improve workflomotigh clash detection and coordination

as well as automated quantity take-offs.

According to Suermann and Issa (2007), 70% of nedpits agreed that BIM is a potent tool
for avoiding errors and minimizing omissions on stoaction projects. BIM thus can be used

to reduce clashes, which in part reduces variances.
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2.8 The Value of Design Coordination
Riley and Horman (2001) state that improving desigordination between design
consultants project uncertainty can be decreasetkbyeasing disruption and reducing waste
in the construction processes. Hegaszy (2001) arthae detailed design of building projects
is a complex multidisciplinary process that needgroduce the required final design

documents, and he further states that changes oftearand will need proper management.

Staub-French and Khanzode (2007) states that GErgIM as well as 4D BIM for design
Coordination has a positive effect on construcRoojects and can lead to decreased rework,

fewer requests for information, as well as fewearagde orders or variances.

2.9 The use of BIM for Design Coordination
From literature it is clear that BIM leads to impeal design coordination and can “minimize
project uncertainty by decreasing disruption amtiiceng waste in the construction
processes” (Riley and Horman, 2001). According iteyrRand Horman (2001) architectural
and structural designs are completed before MERKisigical, Electrical, Plumbing) services

are designed, leaving only tight spaces for atheke services to utilise.

Design coordination is implemented so that allgéevices can fit into the required space and
traditionally this has been done through manuadiyparing shop drawings in coordination
meetings (Riley and Horman, 2001) and more recegiged by (Fazli, Fathi and Enferadi,
2014). . To have the entire design team meet amgbace drawings takes an immense
amount of work and man-hours. With the advent &l Béchnology, this can be averted as

the model is shared in the cloud and all possilalehes are pre-determined by the program.

2.10Barriers to the adoption of BIM
There have been many studies on the reasons whyt&livhology is not being used, these
reasons transcend an unwillingness to try the wolyy, and delves into problems that are

encountered by those willing to test the technology
The problems encountered by these parties are g@a@nrand Pittman, 2004):

» Data interoperability issues: There are many sofvgalutions available for professionals
working on a project. The environmental engineeghihuse one platform for design

whilst the electrical engineer uses an incompapld¢form. The data is inoperable and
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BIM cannot readily be used to detect clashes. Atgwl such as a standard format or
inter-operable platforms is required.

* Non computable digital design data: Computers asble to interpret data as humans do,
thus manual capture of certain interpretationsessary. This requires a trained
professional to do tedious work. The researcheewes that as the technology becomes

more sophisticated, this barrier will fall away.

"... the need for well-developed practical strategier the purposeful exchange and
integration of meaningful information among the Bivbdel components.” (Bernstein and
Pittman, 2004) The parties might all have data dim&t party requires, but it might not be
readily available to that party. This is where da@omputing comes into play. Cloud
computing with relation to BIM is the use of a dangnodel that is loaded on a server and is
accessible to all the consultants and other staétet®o The model is constantly updated and

a complete record of changes is kept.
Additionally, Succar (2009) argues that:

» There is a lack of unified implementation planswdod and Bjork (2008) claim that
parties that have had success with BIM are relt¢tashare their process. “Many
standards relevant to BIM exist but it was suggkthat there is a lack of framework”
(Howard and Bjork, 2008) The reason they are unvglto share their solutions is a
testament to how well BIM works, and how competttiie market is.

» There are legal and contractual liabilities to basidered (agreed by London, 2008). The
legal issues include the liabilities that go witle tate issue of information, and being able

to track exactly who did what and the exact tinedlsign was changed.
According to London, et al (2008) the following bars have also been observed:

» Cultural and existing work practices. This tieslbathe fact that the construction
industry is slow to adopt any new technology (whihgreed by Howard and Andersen,
2000), as well as that any new innovations are @éetisky within the industry. Profit
margins in building are generally small and anrecauld make or break a project.

* There is an existent grey area with regards tola¢igns and ownership of intellectual
property. The regulations with regards to BIM néztde accepted and implemented by
the relevant governing bodies to negate this risk.
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There are also data security fears, due to thehiefiog available to many parties or
stakeholders involved in the project. However tiferimation is not valuable to most.
The only rational concern is that consultants Bresbased on copywrited information
they produce.

Total cost of implementing BIM for consultants. $tpoint will be one of the main focus
points in the analysis of the data gathered fralerinewees.

Client support and business process limitations.

2.11 Shortcomings of BIM
The roll out and usage of BIM technology has narbeithout disappointments. BIM
technology is not a risk free endeavour. An impletagon plan and training is required.
Furthermore, from Londoet al (2008), the main reasons attributed to BIM faituhave

been;

» The set up phase was not done correctly, leadingatzuracies, conflicts, and client
disappointment.

* The actual benefits of BIM were not clear, it wéanot clear on how BIM was to be
implemented on said project.

» There seems to be a common misconception thantire gork practice needs to
change. No standards are in place for the BIM enwirent, and from this
information, it is clear to see that there is adhie a BIM manager or coordinator

that has the relevant knowledge to steer the projear of these proverbial pitfalls.

A record of changes to the model might exposeitdtgmation and open up the
consultant to delay claims. “The architects anel ¢éingineers may not want to share their
models due to risks, liability concerns, unauthedizeuse of intellectual properties and
misinterpretation of the information included iretimodel” (Hergunsel, 2011). This may

be a reason as to why consultants are reluctarggd®IM technology.

2.12Design Consultants in the SA Construction Sect  or
Consultants in the South African construction iniduare varied, and include designers,
project managers, and quantity surveyors. Thisystocses on designers as their
services are the ones that clash. According togbesy Buildings(2016) designers in the

construction sector include:
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Structural engineers (e.g. WSP and Aurecon): Siratengineers design the frame
of the building, ensuring that it can carry theigesveights as well as ensuring that
openings are in the correct areas.

Architects (e.g. Paragon, Boogertman, GLH ArchggdArchitects are responsible
for the aesthetics of the building, including thell design and take ergonomics
and anthropometrics into account to create a livegiiace that is functional.

HVAC Engineers: HVAC Engineers are responsiblettierheating, cooling and
circulation in a building. They require ducts wéin conditioners to do this efficiently
and correctly. Ductwork often clashes with otheviees.

Electrical Engineers: Electrical engineers are mgdocussed on lighting and cabling.
To transport their cables they require galvanisdalectrays. These can clash with
other services.

Plumbing/Services Engineers: These Engineers aponsible for water reticulation
as well as waste water removal from the buildinigeiT services often require coring

due to a lack of planning or oversights.

2.13The current state of BIM adoption in South Afr  ica

According to a 2014 Study completed by Kiprotidie use of BIM has increased in

structu

ral and civil industries in South Africaolse and Shakantu (2013) concluded in a

study of the South African level of BIM adoptioratiitwenty one percent of South African

Architects were not aware of what BIM technologyswanhilst only fifty eight percent were

familiar with its use”. See Figure 2.3 below froneir research:
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Figure 2.4: BIM Adoption ratein South Africa, Europe, and the USA (Froise and Shakantu, 2013)
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The chart above shows the adoption rate of BIM amex with Europe and the United
States, one can deduce that South Africa is ntlh@tevel of these countries, however recent
data from Europe is not presented, and one camasthat the rate of adoption has remained

on its trajectory.

2.14 Summary of Key Findings from Literature Review

In conclusion:

* BIMis a digital model of a construction projectdasimulates the completed design.
* BIM is required on projects to minimise variancasged by clashes.
* The construction industry has historically beemsio adopt change.

* BIM benefits of BIM include better estimates, csilhn detection, schedule

improvements, and better visualisation.
* Variance orders occur due to hard, soft, and tilashes

» Reasons for hard clashes include: Design unceytddasign rules failures, Design
complexity, deadlines, and design errors. Hardhelagan also occur due to designers

using place holder items.
* BIM can be used for design coordination.

» Bariers to BIM adoption include: Data inoperabiiiggues, non-computable digital

designs, unavailability of data from other consuta
* There is no unified BIM adoption plan

« Other BIM adoption probems include : Existing waiactices, copyright worries,
data security fears, costs associated with BIM adopand Client support and

business limitations.

These findings form the basis of the researchuns#nt utilised in the empirical study. From
the review it is clear that a study is requiredintify the disposition of BIM adoption
amongst clients for the minimisation of variancdess relevant to the South African building

industry.
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3 Research Methodology

3.1 Introduction
The researcher made use of existing literaturétaim a detailed understanding of the
current status of BIM technology globally and iruBoAfrica. The literature also tested the

need for BIM adoption in South Africa

3.2 Research objectives
The researcher’s primary objective is to revealtivbeclients are aware of the cost saving
benefits related to the clash detection functidyali building information modelling. The
secondary objective is to find out if designersaifering clash detection as a value added
service or as an additional cost item. The sanipéeis small and interviews will need to be
conducted to ensure the interviewees understanguigstions and their context, and so that
they can expand on their answers when needed. Hovaeprepared list of questions is
required to so that data can be presented andsauhily a visual manner, hence in tables and

graphs.

3.3 Research philosophy and approach
The researcher aims to identify quantifiable obatons and thus the research is of a
positivist nature, and is somewhat exploratory. fidsearch approach will be qualitative
nature that allows for in depth interviews with keye-players in the industry but with a
guestionnaire that is prepared. A short introdurctmBIM (Appendix 1) will be given to the
interviewees before the interview starts to famite them with what BIM is as well as its

benefits.

3.4 Research methodology (Qualitative with Quantita  tive
properties)
The first step will be to identify the sample oéthopulation that is to be interviewed, which
in this case is will be a collection of propertyd®pers as well as a small amount of
designers. A set of questions relevant to BIM awess will then be drawn up. The
researcher will take care not to ask any leadirgstions. They questions will then be tested

on the researchers report mentor for comment.
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3.5 Research method and research strategy
The short introduction to BIM as per Appendix 1lveié given to the interviewees as to
familiarise them with the topic. A questionnairep@s Appendix 2 will then be handed to
them around which the interview will be based. Equéstion will be followed by a brief
discussion in which the interviewee’s personalisesrts will be recorded in excess to the
answer to the question. Lastly the interviewee hallable to rank what about BIM appeals to

them the most.
3.6 Research Population and Sampling

3.6.1 Population:

The target population is private sector clientthim South African construction industry, also
known as property developers. “Property developroeatirs across many sectors of
property which have their own distinct naturesi¢testial, commercial, industrial, hospitality
and so on). In addition to this, property developtme not of itself ‘real estate’ but is seen by
the author as a particular state of transitionnange in the form of real estate toward a

different state with an associated change in piatiemt real value.” (Drane, 2013)

The Property developers that are selected will nedst involved with private sector
developments that exceed fifty million rand for ttenstruction phase only. At least five such

developers will be interviewed and asked to conepleé questionnaire.

The clients in the South African Private sectorramestly property developers and these

include:

» Eris Property Group: Eris property group was forreti998 after RMB Investment
Holdings was restructured. They specialise in corsrakproperty and are one of the

largest property developers in South Africa.

« Atterbury: Atterbury Property Holdings has a thtieeed business model. They are
involved in development of property, corporate sappas well as asset management.
They have been in the business for over twentysyaad are developing such
prestigious areas as the Waterfall area in Midraradiiding the largest mall in

Africa, aptly named the Mall of Africa.
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Menlyn Maine: Menlyn Maine are based in Pretorid are building Africa’s first
“Green City”. They are developing a precinct basedirbanisation principles. The
development will consist of hotels, a mall nameditd Square, as well as office

buildings and a casino.

» Abland’; Abland specialises in developing propaggets. Their portfolio includes
commercial and retail developments. They also agv&hotor cities” as well as

warehousing.

» Growthpoint: Growthpoint is one of South Africaad¢est all round property
developers. With such projects as the V&A WaterfiarCape town as well as 100

Grayston Drive Sandton, their knowledge in the@eistunparalleled.

* Zenprop: Zenprop is a large scale property develatd a multitude of iconic
buildings in Sandton such as the Alexander Forlgeutheir belt. They were formed
in 1998 and are primarily in the retail, commereiatl warehousing centre of the

market.

3.6.2 Sampling:

For this study to be successful it is essentidlitit the correct parties within each company
are reached. The target population within eachd@tgpevelopment company will be the
person that procures the professional teams let@eRroject manager. Hence the
interviewees will be business and project managétsn a property development firm. This
is not to be confused with the project managerithpart of the professional team of
consultants.. Ideally the interviewee will have lexgerience with BIM, however this is not
essential. All interviewees will need to have aisleten years’ experience in property

development.

3.6.3 Contacting the Research Target Population:

Each interviewee will be contacted individuallysiet up a meeting lasting approximately
fifteen minutes. The interviewees will be identifiby the researcher due to his industry

experience. The interviewers criteria will be enygles at large property developers with
projects over 50 million rand, and the interviewedsbe in the role of manager for the

property developer. All interviewees will need tdfif all criteria mentioned in the sampling

22



summary. The researcher will need to travel tohallinterviewees place of work as to make

the interview convenient for said interviewees.

3.7 Research data analysis
The researcher will interpret the interviews indivally and draw conclusions that will then
be related to the possible lack of demand frormtdiés responsible for the slow rate of BIM
adoption in the Private sector of the South Afribailding industry. The researcher will also

assess whether designers are capable of offernglitmt clash detection.

3.8 Role of the Researcher:
In order to carry out the research a thorough wgtdeding of the literature was required. The
researcher had to rely on the validity of the reseaf others but was ultimately solely
responsible for its validity within this text. Thesearcher does not see any possible ethical
concerns with conducting this research. The rekeaight have a positive effect. This is due
to the interviewees being exposed to the findinghé information sheet they are given. As
from the literature review Howard and Bjork (20@8im that parties that have had success
with BIM are reluctant to share their process. €iemo risk of harming or damaging any

individual or company, unless the names of theniggvees is made public.

3.9 Conclusion:
The need for qualitative research mixed with quatgidata capturing and analysis has been
made apparent through the literature. It is cleat turther investigation is required to
identify if BIM is being adopted in South Africd,Clients are aware of the technology, and

if clients are driving the adoption or if they expé to be a value added service.
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4 Data Presentation and Analysis

4.1 4.1 Summary of Research Findings
The interviews were carried out based on a templas¢éandard questions which have been
tabled below, however the interviewees were askedaborate on their answers if they felt it
necessary. These answers will be analyzed andaisueback to the literature. The majority
of the private sector role players that developprty have been interviewed, as the
researcher set out to interview five of the largesperty development companies in South
Africa, and a total of eight interviews were conguat The researcher feels that the market

has been successfully surveyed.

One interviewee was unable to complete the interdee to other pressing matters, however

| have still tabled the questions answered

4.2 BIM familiarity amongst SA Property Developers

Q1. Before reading the BIM (Building Information 8sling) information sheet, were you
aware of the technology?

This question was used to determine if the sulbjadtany previous knowledge of Building
information Modelling. This question ties in withet slow BIM adoption rate as discovered

in the literature review, and aims to show whatdbgent status is of BIM in South Africa

The interviewees had a choice of either yes, najready use BIM on projects. The
responses are tabled below:

Table 4.1 Awareness of BIM

Before reading the BIM (Building Information

Modelling) information sheet, were you awar e of the

technology? Responses | Percentage
Yes 3 37.50%
No 3 37.50%
Yes and | already use BIM on projects 2 25.00%
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Before reading the BIM (Building Information
Modelling) information sheet, were you
aware of the technology?
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on projects

Figure4.1.1: BIM awareness beforereading info sheet

A total of 62.5% of respondents were aware that BiM clash detection technology existed
before reading the information sheet, and 25% adalrespondents are already using BIM
technology on their projects. 37.5% of respondeatsno previous knowledge that the

technology existed.

There was a 35% adoption rate for BIM in 2013 (&and Shakantu, 2013), and from my
findings there is only a 25% adoption rate, howdkier may be due to the sampling method
the researcher used, namely projects over 50 mithod in the private sector. The fact that
37.5% of clients in the private sector are unavedtbe technology only accentuates the
problem. There was one respondent that was alssaredhat clash detection is a function of
BIM, as seen in the response in question 2.

4.3 Awareness of benefits of clash detection

Q2. Before reading the information sheet were ywara of the benefits of clash detection?

This question was asked to find out firstly if resgents were aware that BIM technology
entails the use of clash detection, and secondheif knew what the benefits of clash

detection were. The responses are tabled below:
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Table 4.2: Awareness of clash detection

Before reading the infor mation sheet were you aware
of the benefits of clash detection?

Yes 6 75.00%

No 2 25.00%

Before reading the information sheet were you aware of the
benefits of clash detection?

6

5_
2
S 4 -
e Yes
2
$3' No
(3

2_

1_

0

Yes No

Figure 4.2: Awareness of BIM
The majority (75%) of the subjects knew that cldstection provides a benefit to projects.
One respondent was aware of the benefits of clasttton but has never heard of BIM,
which shows a disconnect between the clients amdahsultants. This may be one of the

factors that contribute to the slow rate of BIM ption in the private sector in South Africa.

The respondents were thus generally aware of cesdttion, but not as a function of BIM,
but rather clash detection in different forms, lec&ronic, on site, or via drawing integration.
From the literature it was found that design camaition using BIM has a positive effect on
construction projects by decreasing rework and ghamders (Staub-French and Khanzode,
2007)

4.4 Awareness of the costs associated with clashes.
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Q3. Are you aware of the costs associated withhela®n your projects, and what
percentage of the total cost can be attributechent?

The interviewees were asked this question so lieainterviewer could get a clear
understanding of how much of their costs are aasediwith changes due to clashes on their
projects. Please note that one respondent skipieduestion.

Table 4.3: Awareness of the effect of clashes

Areyou awar e of the costs associated with clashes on
your projects?

Yes 6 85.71%
No 1 14.29%

All respondents except one claim they are awatbetosts associated with clashes
occurring on their projects, however only four lné six positive respondents could estimate
a percentage of their costs that are attributabétaishes. The fact that there is a detachment
between what the client is aware of, and the actosts incurred on site, may also be one of

the reasons BIM is not being adopted in South Afric

Are you aware of the costs associated with clashes on your projects?

Yes

3 4 B No

Respondents

L I

Yes No

Figure 4.3: Awareness of the effects of clashes
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The individual responses relating to the percentdg®sts associated with clashes are tabled

below:
Table 4.4: Percentage of costs on projectsrelated to clashes
Response Individual BIM?
Yes 10-15% Not a BIM User
Yes 10.00% Not a BIM User
Yes 5-10% Not a BIM User
Yes 2.50% Already uses BIM

From the table it is clear that the BIM user hamiicantly lower costs associated with
clashes on their projects. This is backed up bg&E&011) who states that BIM models can
be used to minimize cost overruns due to clashes.aVerage cost is about 8% however the
BIM user has a 2.5% of project cost expenditurateel to clashes. This finding also
reinforces the finding from the literature in whiséventy percent of respondents agreed that

BIM is a potent tool to eliminate errors (Suermad éssa, 2007).

4.5 The state of clash detection offered as a value ad  ded (cost

free) service by consultants.

Q4. Is clash detection offered to you as a valudeddcost free) service by consultants?

In order for the interviewer to obtain a clear pretof the barriers to adoption, the cost
element of BIM needed to be looked at, with consitien to the initial input costs for all

parties involved. The results of thaestion are tabled below:

Table 4.5: Clash detection as a value added service

I's clash detection offered to you as a value added (cost

free) service by consultants? Result Percentage

Yes 2 28.57%
No 4 57.14%
Unsure 1 14.29%
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The respondents that do use BIM both stated tieatiske of BIM is a value added service and
they do not pay anything extra. The remaindersi@frespondents do not use BIM, and thus
their responses are as to be expected. One resgamde unsure of whether BIM was
provided, which, as in question 2 highlights thecdnnect between the client and the

consultants.

Is clash detection offered to you as a value added (cost free)
service by consultants?
4.5
4
35
o 3
g Y
- 2.5 es
c
8 2 No
3
e 15 +— —] H Unsure
1 4 _—
os | — | :E
0
Yes No Unsure

Figure 4.4: Clash detection as a value added service

4.6 Clash detection as a value added service provid ed by
engineers and architects

The reason this question was asked was so tha@égbarcher could gauge whether clients
feel like they should be paying for the technologyyif they should receive it on all projects

at no extra cost.

Table 4.6: Clash detection as a value added service

Do you believe clash detection should be a value added service
provided by engineersand ar chitects?

Yes 7

No 0
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All respondents believe that it is not up to themh fiather the consultants to ensure that they
are using BIM technology to detect clashes on thejects. All clients believe that it is up to

the people they hire to lower costs on their prsielcondon et al (2008) found that one of the
barriers to BIM adoption was the total cost for satants to implement BIM on their

projects.

Do you believe clash detection should be a value added service
provided by engineers and architects?

Seriesl

Respondents
S

Yes No

Figure 4.5: Property developers view on clash detection being a value added service.

4.7 Property Developers’ willingness to adopt BIM
The researcher asked this question to see whdibetsan the private sector would be
interested in using the technology on future prsjelnterviewees who already use BIM were

not asked this question

Table4.7 Willingnesstotry BIM by property developers

If you are not implementing BIM on your projects,
would you consider using it on a future project?

Yes 6| 100%

No 0] 0%
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100% of respondents would like to use BIM on tipeajects in future however 0% of them
are willing to pay an additional fee for the seevitondon et al (2008) stated that one of the
barriers to BIM adoption is a lack of client suppaevhich is contrary to what has been found

in this study.

If you are not implementing BIM on your projects, would
you consider using it on a future project?

Seriesl

Respondents

Yes No

Figure 4.6: Possibility of using BIM on future projects

The interviewer also asked why the intervieweesld/tike to use BIM. The reasons are

stated below:

Four respondents agreed that they would benefit frost and time savings on their projects,
while one respondent stated that the benefit afyjdesoordination would minimise
arguments between consultants. One responded statdae was only interested in cost
saving as the form of contract used puts the ohasrapletion on the contractor. A further
study into what benefits BIM holds for contractorsSouth Africa would be interesting.

4.8 Do you believe that Property Developers should be the
driving force behind BIM adoption?

This question was asked to find out if clients fided they have the responsibility of ensuring

that their projects are using BIM to minimize coserruns.
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Table 4.8: Property developersasthe driving force behind BIM

Do you believe that Property Developers should be

the driving for ce behind BIM adoption? Responses | Percentage
Yes 2 28.57%
No 5 71.43%

Do you believe that Property Developers should be the driving force
behind BIM adoption?

N

Respondents
w

N

Yes

No

Yes

HNo

Figure 4.7: Property developersasthe driving force behind BIM

All respondents were asked to elaborate on why tielythey should or shouldn’t be the

driving force behind BIM adoption. The responsesamralyzed below.

One respondent, who answered no, feels that BIMldHme a standard service offered by

consultants.

Two negative respondents feel that BIM “should beesh by the professionals/consultants”

and that they pay a premium so that the consultas their best interests at heart.
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Two respondents agreed that the Principal AgeRroject Manager that they appoint should
drive BIM on their projects

One respondent who said yes stated that becauspeiy developers would reap the
maximum benefit in terms of Managing Contractorgs@ies will be reduced; hence changes

to the Contract will be kept to a minimum.”

4.9 The willingness of Property developersto pay f  or BIM and

clash detection training for the engineers and arch itects.
This question was asked to determine whether slieould be willing to invest in the
technology if it meant they would benefit furth@wveh the line.

Table 4.9: Willingness of property developersto pay for BIM training

Would you be willing to pay for BIM and clash
detection training for the engineersand ar chitects on

your projects? Response | Percentage
Yes 1 14.29%
No 6 85.71%

One respondent saido, the technology is already adopted by our kegsultants”. The
researcher then asked if this was not the casddwioely pay for the training, to which the

interviewee replied that they would not as it {gra requisite for his company.

One respondent said no, engineers & architects hav& knowledge of BIM.I"would look

for an Engineer or Architect who is fully capableusing BIM Software.”

One respondent said no, BIM is in the realm ofgtfadessionals. The interviewee stated

“They also get other benefits from the modeling.”

One respondent said no, professionals must papifotraining as this should be part of the

service they offer.
One respondent said no, training should be at ash c
One respondent said no, they (the consultants)dhkoow as they are professionals.

One respondent said yes, they would pay if it effies return on investment.
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Would you be willing to pay for BIM and clash detection training
for the engineers and architects on your projects?

7

6

5
2
§ 4
c Yes
o
Y
a3 HNo
o

2

1

0

Yes No

Figure 4.8: Willingness of property developersto pay for training
Only one interviewee was willing to pay for the Blkining, however from a study
conducted by Azhar, Hein, and Sketo (2009) fourad tiose that invested in BIM had an
average return on investment of 9486%. The lackwillingness to pay roll out costs for
BIM seems to be a large barrier as also found by#dy Damien,and price (2012) , where

they list the roll out cost of BIM to be a majonitation.

The future of BIM has a future in the South Afriganivate sectoas seen by Property

Developers

This question was asked second to last as thevienezes had now understood the subject
matter, namely BIM. The reason for the question teasee if based on the limited
information they had been given on the info shéégnts in the private sector believed that

BIM had a future in the South African Private Secto
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Table 4.10 Future of BIM in South Africa

Do you believethat BIM has a futurein the South
African private sector ?

Yes 7 100%

No 0 0%

100% of respondents agreed that if BIM did offer #ame benefits as seen globally, it did in
fact have a place in the South African constructimustry. Their opinions are based on the
information that was available on the info shegegito them, however several respondents

seem to doubt the data in the info sheet.

Do you believe that BIM has a future in the South African
private sector?

Seriesl

Respondents
N

Yes No

Figure 4.9: Future of BIM in South Africa

All respondents were then asked why they belietiat BIM does have a future in South

Africa.

Three respondents said that it was due to the pakeost and time savings.
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One of the respondents that already uses BIM st&iest world countries are already
implementing BIM which in turn will draw attentidnrom countries who are not using this
software.”

One respondent stated “Any saving would be welcdrhe.economy is going through a
difficult time and returns are tight. If implemetitan can save as much as is contested by
Stanford then it definitely has a place going fava

4.10Benefit rating Matrix

All respondents were asked to rank how appealich eBIM’s benefits are to them on a

scale of no appeal to extremely appealing.

Table 4.11: Benefit rating Matrix

No Barely Moderately | Very Extremely
Benefit appeal | appealing | appealing | appealing | appealing
Reduced projectost: 1 4 2
Reduced time t
complete projects 1 3 3
More accuratt
estimates of project
costs 1 4 2
Reduced conflic
between consultants 1 3 3
Less coordination
meetings 4 1 2
Table4.12: BIM Average appeal of Benefits
Weighted
Benefit Average
Reduced project costs 4.14
Reduced time to complete projects 4.29
More accurate estimates of project costs 4.14
Reduced conflict between consultants 4.29
Less coordination meetings 3.71
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Figure 4.10: Weighted Averageratings

4.10.1 Reduced Project Costs
This benefit scored an average of 4.14 / 5 aniédsfor second most appealing.

Reduced project costs

4.5

3.5

2.5

Reduced project costs
15 —

O T T T T 1
No appeal Barely Moderately Very Extremely
appealing appealing appealing appealing

Figure 4.11: Reduced project cost

4.10.2 Reduced time to Complete
This benefit scored an average of 4.29 / 5 aniédsfor most appealing.
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Reduced time to complete projects
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2.5 —

Reduced time to complete
projects

1.5 —

0.5 —

0 T T T T 1
No appeal Barely Moderately Very Extremely
appealing  appealing  appealing  appealing

Figure 4.12: Reduced project durations

4.10.3 More accurate estimates of project costs

This benefit scored an average of 4.14 / 5 aniédsfor second most appealing.

More accurate estimates of project costs

4.5

3.5

2.5

2 More accurate estimates of
project costs

15 —

1 L

0.5 —

0 T T T T 1
No appeal Barely = Moderately Very Extremely
appealing appealing appealing appealing

Figure 4.13: Accuracy of estimates
4.10.4 Reduced conflict between consultants
This benefit scored an average of 4.29 / 5 andrisimgly is tied for most appealing
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Figure 4.14: Reduced conflict between consultants

4.10.5 Less coordination Meetings
This benefit scored an average of 3.71 / 5 anldeiddast appealing.

Less coordination meetlngs
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Figure 4.15: Less Coordination Meetings

4.10.6 Summary of Key findings

From the analysis of the data above the key firglthgt came from the research are:
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37.5% of respondents had no idea what BIM was.

The adoption rate of BIM in the target populatier26%

75% of respondents knew what clash detection was.

There is a disconnect between clash detection #vid B

Costs associated with clashes are an average of &8 total contract value.

Two respondents already use BIM clash detectiodh benth are given BIM as a value
added service.

All respondents believe BIM should be given to tHeee of charge.
All respondents who do not use BIM said they wdagdwilling to try it.

Only one respondent is willing to drive BIM, thestdelieve it should be consultant
driven.

Only one respondent is willing to pay the starcopts for BIM

All respondents believe that if BIM is all it makest to be, it definitely has a future
in South Africa

Reduced project durations and less conflicts betveeasultants were ranked as the
most attractive qualities of BIM.

More accurate estimates and reduced project casts tred for second most
attractive

Less coordination meetings was seen as the |¢esttate quality of BIM
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5 Conclusions and Recommendations

5.1 Introduction and Purpose
The primary goal of this research study was to Gotlif BIM technology, and specifically
its clash detection function, is being utilizedlayge property development companies in the

private sector of the South African market.

A literature review was undertaken to find out wtegt current state of BIM adoption in
South Africa was. The literature review also idiged the benefits of BIM adoption along
with the roadblocks that needed to be overcoméharaountries before BIM was accepted

as a viable method to manage a project.

To achieve this objective, companies that weretified in the research proposal were
approached, and their elected agents were quedtidhe questions centered on whether the
property developers were aware of BIM technologyl & they were willing to be the driving
force behind implementation. A questionnaire wasatxd using knowledge gained in the

literature review and this was the primary resesmohused in this study.

5.2 Objectives
The first objective the researcher set out to iflentas if private sector clients know of, and

understands what BIM is

The second objective was to identify whether pewsdctor clients were aware of the clash

detection functionality of BIM.

The third objective was to identify whether privattor clients are aware of the savings in

both cost and time that BIM yields on the interoasil market.

The fourth objective was to identify whether prizatctor clients demand BIM as a value

added service, or if it is offered to them at aditwoihal cost.

The final objective was to identify whether progedtevelopers believe BIM Technology has

a future in the Private sector of the South Afri@anlding Industry.
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5.3 Findings
From all the property developers or “clients” tiaare surveyed, thirty seven point five
percent were unaware of BIM technology and its BeneéA further thirty seven point five
percent were aware of the technology and do nottuSaly twenty five percent of the
clients were using BIM on their projects. Thus sgydive percent of those interviewed do
not make use of BIM or clash detection on theijguots. This shows that specifically
amongst the larger property development compaBids,is not making any headway.
Previous studies that were undertaken showed Bidptaah in South Africa to be at thirty
five percent (Froise and Shakantu, 2013), howéwetarget population in this study was

narrower.

Only a small percentage of interviewees were narawf the benefits of clash detection,
and clash detection seems to be marketed sepafrael\BIM. The reason for this could

form part of a future study.

Almost all respondents claimed that they knew vthatextent of costs overruns due to
clashes on their projects were, yet only half cadtimate a percentage of the total project
cost. The average percentage was just over eigbemeand the one respondent that already
uses BIM placed his cost at two and a half perd¢bog there is a significant reduction in
overruns on the projects with clash detection, Wigiquates to a four and a half percent
saving in total cost of the building. This is indiwith the Stanford study that estimated ten

percent reduction in costs due to clash detec@dRE, 2007).

It was found that clients that already make usBIbf on their projects do not pay any
additional fees for the service. The service iglusetheir consultants to stay competitive in
the market. Over seventy percent of respondentsiéaer been made aware of BIM
technology by their consultants, and do not culyaeteive the service or have access to that

functionality.

All of the respondents agreed that BIM and clagked®n should be a value added service
that is provided to them by consultants. All regiemts who do not currently use BIM said
that they would be willing to use it on future gois. This is most likely the root cause of the
slow adoption of BIM in the private sector in Sodttiica. It may be that consultants do not
want spend money on training and software, as\hkyot be compensated for it by the
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clients. Clients do not drive BIM adoption as tlaeg not truly aware of the benefits it holds,

because consultants do not make them aware.

Eighty percent of clients believe that they shawt be the driving force behind BIM
adoption. This is another reason for the slow adaopttes of BIM in South Africa. It seems
that no one wants to be the ones to put their natland try the technology. A future study

on why consultants are not implementing BIM andleldetection would be beneficial.

Eighty five percent of clients are not willing tayfor training for consultants. The
consensus is that it is the duty of the consulimptovide the best possible service to the
client. This highlights once again the fact thamis do not see themselves as the driving

force behind the adoption of new ideas and teclywesoin general.

The most positive outcome of the study was thetfaattall respondents, after reading the
information leaflet, believe that BIM and clashetdton has a future in South Africa. This is

due to the cost and time saving benefits thateea sn BIM enhanced projects.

The respondents were asked to rate the benefdbhdoption and the outcome from most

desirable to least were as follows:

Reduced time to complete projects
Reduced conflict between consultants
Reduced project costs

More accurate estimates of project costs

o M w NP

Less coordination meetings

It was interesting to see that the time to compbetgects was more beneficial to the clients
than reduced project costs. This may be due toppertunity costs of opening their

stores/offices earlier to generate revenue faster.

Less coordination meetings was last on the listiaats generally do not have to attend

these, and do not know the extent of frustrati@t ih generated.

The reduction of conflict between consultants sddrigh on the list. This was surprising as it

scored higher than total project cost. A futuredgtan this would be highly beneficial.
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5.4 Research question answered
Are clients in the private sector of the buildimglistry in South Africa aware of the
functionality of BIM technology, and are they reqtieg its use on their projects? From the
study, it can be deduced that less than forty peraieproperty developers know about BIM.
The other property developers are aware of BIMisterce, but their knowledge is limited.
This in part is due to the fact that most propeeyelopers felt that consultants should be
driving the technology because the designer shioaNg his clients’ best interests at heart. A
common point on all interviews was that propertyedepers refuse to be held responsible for
rolling out BIM on their projects and that they awa& willing to pay for the service. They are
not requesting BIM, because they do not want thddd liable for the costs, as they believe
the costs should be borne by the designers.

5.5 Recommendations
Through the course of this study it has becomer thedt BIM and clash detection is of great
benefit to any project, and that all consultaneyn§ and property developers should invest in

the technology to save time and money.

The researcher recommends that consultants makeéhees familiar with BIM and train
their staff to work with the technology before ttients start calling for BIM

implementation, because other firms will start fi@ioclash detection as a value added
service. As seen in the United States as well &urope, BIM is here to stay, and those that

refuse to adapt will find themselves irrelevanttia very near future.

With regard to the current slow adoption rate,Sl@th African government might have to
implement legislation as has been done in the Uis Will increase exposure to the
technology by consultants and contractor. Clieotaat believe that they should be involved
in the adoption process and a South African caslysin the effectiveness of BIM and clash

detection on a project in the private sector warkehtly benefit the cause.

Companies that sell the software will also needegtanore aggressive in their marketing, as
such a small percentage of clients are aware di¢hefits of BIM. If the products were
marketed directly to clients, they could insistisnuse on their projects, which would force
consultants to adopt.
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Building information modelling still has a long wéy go before it becomes the south African
standard, and will require the collaborative eBat government, clients, consultants, and

software developers.

5.6 Reflection
This study has enriched the researcher’s knowlefigdM technology. The reason this topic
was chosen at the beginning was because the rhseéett his knowledge of the subject
matter was lacking. Through all the weekends arididngs that were sacrificed to complete
this research, the researcher feels he achievetdhstset out to do, which was to gain
knowledge in the field, and contribute in the smadly that he has.

Thinking back at the person that started writing first research proposal and the person that
has completed this document, the experience hasdreehing. The researcher truly

believes that BIM will change the way buildings &relt in South Africa and is satisfied that
the findings in this paper, or the contact that ad with clients, may convince someone to
try BIM on one of their projects or for anothereascher to create a case study on BIM in the

South African building environment.

5.7 Possible future studies
1. A case study on BIM usage on a project in the peig@ctor of the South African
building environment. This would also benefit franotal outlay for BIM versus the

total saving.
2. Why clash detection is marketed separately from BIM

3. Who is considered to be the driving force behindBlorldwide (clients,

government, consultants), and is the same tru8dath Africa.
4. Why consultants in South Africa do not offer BIM@astandard value added service.

5. A study on BIM legislation in the UK and how thabwd translate to the South

African Market.
6. A further study on the benefits BIM could hold foontractors in South Africa

7. A study on the proliferance and effects of variaoaders internationally and if the
same applies locally.
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Questionnaire

Title of Study :
The proliferance of BIM adoption amongst Clierds the minimization variance orders

relevant to the South African Building Industry

I ntroduction:

Thank you for taking the time to participate inststudy. We greatly appreciate that you have
taken a few minutes of time from your busy schednleomplete this questionnaire. The goal
of this study will be to determine why BIM adoptionSouth Africa is so slow and if

Property Developers are requesting this serviam ftonsultants.

The study is structured as a questionnaire withuestions and should not take longer than
10 minutes to complete. The study focusses solelyroperty developers in Gauteng, South
Africa.



All participants will have the option to remain awyonous and no company or individual
names will be mentioned in the analysis of the dataered. Further all raw data will be
disposed of after the study is complete. The rebeamwill only reveal sources if required to
do so by law.

Please contact Tian Weitz on 078 9602 645 if yoretany further questions.

Consent Form:

By signing below the participant agrees to partitgpn the study and that all information
gathered from the participant be used in the arsaly$e participant further agrees to answer

all questions truthfully.

Signature of representative:

Please read through the short introduction of Blbtr and then answer all questions:

Summary of Building infor mation modelling for distribution to interviewees:



BIM or building information modelling is a digitahodel that is shared by all the consultants

and designers, as well as the contractor. One Mf$Bkey features is the ability to detect

clashes between services, such as an air-condijehict that intersects a sprinkler pipe.

Traditionally these clashes are only detected tn si
A 2007 study at Stanford in the United States aghedl that BIM was attributed to:

A decrease of up to forty percent in unbudgetedsoms the projects.

The accuracy of estimates was within a three péleeange

A decrease in the amount of time required to do estimates that equated up to a
maximum of eighty percent decrease.

The contract sum was decreased by an average péteant due to clash detection.

Project times were decreased by up to seven percent

BIM is being adopted worldwide, and it is enfordéeglaces like the UK for all projects over

one million pounds. Adoption in South Africa hagbeslow thus far. A chart below shows

the rate of adoption in South Africa compared wither countries:
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Figure 1: BIM Adoption ratein South Africa, Europe, and the USA (Froise and Shakantu,
2013)
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Questionnaire

1. Before you read the summary you were given, weteagare of what BIM is?

2. Are you aware of clash detection and its benefits?

3. What is the percentage of your project cost thattisbutable to variances

4. Are you aware of the cost of clashes on your ptsjec

5. Is clash detection offered to you as a value adédedce?

6. Do you believe it should be a value added service?

7. If you are not implementing BIM on your projectspmd you consider using it on a

future project and why or why not?

8. Do you believe that Property Developers shouldneeliriving Force behind BIM
adoption?

9. Would you be willing to pay for training for the slgners?

10.Do you believe that BIM has a future in the Southican private sector?
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What would you find most appealing about BIM tediogy on a scale of 1to 5 (1 =
negligible and 5 = extremely appealing).

i.  Reduced project costs

ii. Reduced time to complete projects

iii.  More accurate estimates of project costs

iv. Reduced conflict between consultants

v. Less coordination meetings
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