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Abstract

The paper discuseas tha davalppment of an integrated ool for teaching and lsaming budding
measuramant, A 30 CAD IFC-compliant budding information moded of a small fwo-sloney
retadantial bullding was crealsd complele with electricel gnd hydraubc sorvices and all
specifcaton mformation wsing Archicad, A complete bill of quantitias was measured from the BI
using Buildsolt, and exporied 1o Microsal Oflice. The exporied dimensions and quanilies wens
used b producs a hully annctated version of the BO.

The aulcome is & package comgrising a CO-ROM and a conventional book, The GD comamning
me Bk, the Busdsott fias, a 30 modal viewar and & complate set of drawings extracted from tha
moded and saved in POF format. Tha book contains a camplels 80 in corvantiona larmal plus a
vergan of e BO with each Bem shown with g leke-off and some noles explaining tha
measuramant process and the ralevant clausas from the Australian Methed of Measurement.
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Introduction

Thiz paper deacibes both & new teaching and leeming tool and the retionale babend fs
davalppment, The tool has been developad in response o a variety of factors thal are affecling
he way constucton siudens are responding b teacheng and leaming In the universiy
envirgnmant. It = intended 1o better engage students with learning generally, and spacifically to
davalop thair skills in building mansu rément.

Measuramant is a fundamardal skill nol cnly for quantity sunmeyors and estimadons b for ampane
imvalved in the conslruction industey, Having the capabdity 1o measure bullding work guickly and
apcurately to an agread standard a5 wel as possessing a good understanding of bow
measuramant is done by othars is necessary in many facets of work in ihe indusiry. Cosl
managaman is a com concem n vetually all projecis and quantificaton of work is the foundaticn
of cos1 managament, Measuremant can ba tedicus and it is work that students, cadats and junior
graduates are gonarally not keen 10 cary oul, i slgo an area that employers oflen idenlify ag
the =kill most lecking among cadets and recem graduates (Best and Smith, 2007).This is
unfgrtunate as the detailed measurement of a building provides fthe measuner with & great depth
ol understanding o how the building goes togethes and ofien uncovers significant discregancees
In the documardation,

Changing Methods and Attiludes

Apart trom students’ genarsl dislka of measurement as an actvify the attitudes of currenl
students towadrds subject Selivery and thair learming expenences @ changng. Anendance al
careantional leciures i mest Australisn construction schools |g poor, and this is only panly dusa 1o
thix pressure of trying to combing work and study. Our current students (eed b will become
mohe apparent in he coming years) have giown up with Inermel access, winsless connections,
3G selephones, podcasts and 585 The comventonad lecture scenane has lite appand o
students who are used fo gathermng idormaltion (and learning) elecironicaly and the Increasing
demand for onlne subject cortent and all mannar of meteral in dagital form reflects the changes
in tha affiludes of the prasam cohon of students, Added 1o these concems is the desire lor
Baxibifity in how and particulasly when By sl S0 1hes siudy — wilh the world avaiable round the
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clack via the Internat, perhape through a ponable device such as a Blackberry, the rigid naune of
metabled clagses i becoming kess and kass amractive b them.

In this erwironmant it & not surpnsing that measurement classes are seldom rated amongst
students’ favounile pastimas. B was partly in response 1o tis scenaris thal the BIM based tool
was developed. The other reason, no less importam, is that @ represams the way that
measurement is most ikaly to evolve In the near lulure, with 30 CAD madels baing intarrogated
nat only for guantiies but ais for the nich fund of information such as specfication dedails that
can be ambadded in such modals [Machell, 2008),

Teaching Resources

Largaly because of he resiricted markel for such malesials there is lile published materal
related b buikding measuremant avallable 1hal is based on Australian practica, A few lexibooks
Buch @8 those writhen by David Picken (Pickan, 1999) and Paul Masden (Marsden, 1998] have
By wwry wmielul but both @re scereewhat resticied in scopa and Picken's book, al leasl, s no
lamges = prind, Teaching staff n insbulions wSwally eed o pepare thesr own noles wilh
axamgles and practical exercises for ther students to use. Ofen this has been restiicted 1o
projects nod much bigger than the typical "gardan shed® as steff are constrained by printing costs.
lack af large format copsars and limited clasa time durng which studers can work through larger,
morg comples buildings. This matenal has vsvally consisted of & small st of drawings in A3 or
A4 farmat and perhape an oulline specilication. Measuramend has besn carmed sul in a very
preciss way using figured dimensaons (&= in Marsden's book) and studenis hawve ofien been
broubled by the kack of detad in the information that & proseded Whils i s boos that out in the “real
worid” building documantation ofen regquires users 10 e some Imaginabon in crder ko Al in
the gaps, ihis is cold comfort o students, perticularly in the early years of shudy.

The problems related o teaching measurement are exemplifiod in the reguiar criticism of
wniversity courses from peaple in the profession who feel that bath the quartity and quality of
what is teught iz below par (Best and Smith, 2007). Many firms claim that they have no time to
leach juniar staff how 1o measure and universily stalf paing ocud that masswement is just one of
many iopc areas tal must be addressed in tha limited lime available 1o them Students and
v wlall heve feve options if they wish s pursue adgsonal snidy in his area dws o the paucity
of books or other keaming ool other than thase fram e UK {o.g. Les &t al, 2005) where bath
magsurament and bulding praclice are subsiantially different.

In respanse do the factors decussed above a propasal lor the developmant of B resowrce or the
teaching and keaming of buikiing measuremant was put to the NSW Chapter Council of the
Australian Institute of Cuantily Swurveyors (AKIS) n 2007, The proposal was lor a tool that wauld
enabls shudents 1o gain an understanding of 30 modek, learn how o extract data from sweh
models. manipulate moedels to deplay salacted componania end ayateme, and ovtract dedails and
hard copies of selected views or details from the modeds. Chapter Gouncl agreed o undenarite
the praject with a view to recovening the initial outlay through subsequant sales of the produst
over several years. Twe of the staff at LTS, Rick Best and Pater Smith, headed the team charged
with preducing the resource and a formal confract was signed betwean accessUTS jihe UTS
commerncial consultancy office] and the AlGS.

The Building Information Model (BIM) Tool

The tool is bl amwnd an IFG-compiant 30 building irdermation model (BIM] moded o a small
Twio-gharey redadential building, Buildsclt estimating software and the Australian Standard bathod
af Maasuremant [ASMM). N provides students with an interactve environment that allows tham 1o
ralabe the detail required by the ASMM to the building model and presens take-ofl and
calcuiations for a full bill of quantities (BQY) in the format of a popular estimaling softears package
that is widaly used within the Ausirakan construction industry, The complate packags compeses a
bioak and a CO. The book contains & complete ASMM-—campliant BO in standard format plus an
iterm by Hem breskdown of the B0, Al dimonsions arc owtracicd direstly fram Baildactt, and are
presentad in the horlzontal or “across the page” style as they appear on the Buildsolt scraen, with
a wiitlen commaentary follosing each tem explaning the measwemsnt procedure and b
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ratevant requirements of the ASMM. The CD contains the complete 30 model of the building, a
frea BIM viewer and a basic set of 20 drawings, extracted from the model, in PDF files.

John Mitchell, chair of the buildingSMART Australasia Chapter agreed to manage the medeliing
wark and Paul Marsden, a quantity surveyor’academic, agreed to carry out the measurement and
draft the commentary. Rick Best and Peter Smith are editing the work and will manage the
process throwgh 1o completion,

The CD-ROM

The project, a two-storey brick residential building comprising two apariments with tile roof was
modelled using Archicad software. The resulting model is fully IFC-compliant and is complstely
detailed with siteworks and has plumbing and electrical systems included. The package includes
the complete Archicad model tagether with free IFC viewer software that allows the user fo open
and view the three discipline models (architectura, electrical and plumbing) in various ways thus
obwiating the need for users to have the original CAD software. The viewer allows users 1o view
-30 renderings of the building from all angles, and to salect specific details and enlarge them so
they can properly understand how the various components fit together. Individual construction
delaits can be isolated and examined. Details within the model, such as the construction of the
-eaves, and the way in which a suspanded slab is supported within brickwork can be viewed in 20
or 30 enabling students to grasp quickly what materials are used and how these details are
ponstructed, Care has been faken to include all components such as flashings so thal studants
are not left to imagine where these componenis are required. When students are still in the early
stages of measurement training and their knowledge of construction delailing s still rudimentary
they are olten expected to measure items thal are seldom, i ever. shown on drawings. An
experienced measurer is aware of the need for flashings around openings for example, bul often
thess are assumed or perhaps mentioned in general terms in the specification but nol shown on
the drawings. This causes confusion and often results in students leeling agarisved as they
believe that imporiant information has been omitted trom the documents provided ta them.

An important feature is the comectly designed and defailed services; users can select, for
example, a single system such as the electrical service and view it alone in 30 or within a
wireframe view. This allows students with litthie experience of how such services are actually
installed to see where cables and pipework run and how the various companents make up the
complete installation. A two-pipe drainage system with greywater recycling was included to reflect
what is now becoming nomal practice in residential construction in Sydney. Fittings such as
bends and junctions in pipework are visible on the screen and this will help students
understand where fitings are required. This knowledge will be invaluable when they come 1o work
on actual projects where services layouts are provided as single line diagrams at best and
measurers must apply their knowledge and experience in order to identity and include all the
MACESSATY components.

The disk also includes a basic sel of drawings extracted from the model and stored as PDF files
that can be printed in A3 or A4 format. There are also instructions that enable users to print other
views and details from the model as required.

The Book

The book includes a full bill of quantities {BQO) for the complete project measured in accordanca
with the ASMM. Early in their studies students are often unclear aboul just what a conventional
BQ looks like and haw it is formatted even though lecturers may show examples in class. For this
reason & complete BO, without annotations or dimensions, is included as a permanent reference
for students. This BOQ is, however, supported by a fully annotated, item by item breakdown that
shows all dimensions, with locations and sidecasts, for each fem and a written commentary thal
describes the measurement process and relates the measurement of the item 1o the requiremenis
of the ASMM. Students can then work through each item from the model andfor drawings taken
from the model and identify exactly how each item has been measured. They can refer to the
model fo see 30 detaits of any items that may be unclear and thus gain a far better understanding
of the relatonship between their measurement and the physical building and its components.
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Further Developments

The tool described here represents the first stage of a plan to develop a suite of tools for teaching
measurement and cost management, not just BO measurement. Fulure additional modules based
on the same model will include a typical builder's bill, & BO based on a documented concise
method of measurement and a standard cost plan prepared in accordance with the Australian
Cost Planning Manuals (AIQS, vanous dates). It is intended that the concept will be further
developed to include preliminary estimates, design alternatives, wariations, construction
scheduling and even post-contract activifies such as the preparation and assessment of progross
claims.

Conclusion

The package described here provides teachers and students with a unigue and valuabla
refarance tool for developing skills in building measurement in technical college and university
building courses. Il is also useful as a reference resource for junior staff in quantity surveying and
estimating offices. It Is one of only a handful of reference works on the subject developed in and
for the Australian context. The 30D model that is at the heart of the package provides the basis for
a detailed suite of resources that will eventually encompass the whole range of cost management
activities and as such could be used to underpin a substantial range of learning activities in
buikding courses.

Eventually, with more detailed client requirements {such as room data for example), cost
classification tagging of building and service elements, IFC compliant cost tools such as the CRC
for Construction Innovation Estimator, and Exacta CostX, will be able to genarate costs directly
from the IFC model data. Such tools abeady exislt in Euwrope generaling specified bills of
guantities according to the Morwegian construction standards. This project takes an important
step in the move, which is gathering momentum, owards intalkgent open building data and smart
applications that use this rich data.
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