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1 ABSTRACT

It is argued that Building Information Modellingctenology bears significant potentials for enhanagnoé
more integrated design and planning process, amhefu more for life cylce managament of built
environmet. Through creation of a joint model, s&gvas common knowledge base for parttaking
disciplines, the knowledge from the design pahseeasily be transferred into the operational phBHd.
offers a powerfull tool for monitoring, optimizaticand simulation of building operation, buildingsash a
platform for data transfer and management nece$siatlye management and governance of the smgrt cit

This paper will presens the results of the emginesearch —a multidisciplinary student experitreznried

out at the Vienna University of Technology, witle tstudents of architecture, civil engineering araster of
building science. In the course of the empiricaesrch a multidisciplinary design for energy eéfiti

building structure is simulated, using various Btbbls (for architectural and structural modellingda
simulation, thermal and light simulation) and tegtthe interoperability as well as the procesgiraton.

The special focus lies on the test of interfacascraicial factor for process integration, satigtactand
efficiency, which was demonstrated in the pilot enkment. Two BIM models “one-platform-BIM” using
proprietary interfaces and “open-BIM” using IFCdrface will be evaluated and compared in terms of
efficiency of data-exchange and transferability, veall as in terms of satisfaction with process and
collaboration.

Finally, the results obtained from the experimerit he compared to the experiences gained from the
practical case study — BIM use in two planning irmin order to identify optimization potentialg fine
planning practice as well as key performance irtdisafor integrated design supported by BIM tools.

2 INTRODUCTION

2.1 Why Building Information Modelling

The AEC (archtecture, engineering, constructiodustry is under growing presssure in terms of redoc

of time and cost, and upkeeping of quality with @ii@neous increased requirements in terms of erandy
ressources efficiency. New tools are needed foeasing of process integration on the one sidef@ntthe
successful life cycle management on the outher. BBMilding information Modelling) Tools as emerging
technology has been advocated to be able to mieet tle mentioned requirements. C. Eastman (1996),
BIM pioneer, introduced building modelling concdyaised on the notion of a database of building al¢sne
(building description system) in the seventies. Eaely technology has been developed in 1980, girou
introduction of ArchiCAD as the first BIM softwardowever the break through on the market was only
possible in the new millenium, due to the matuiddCT, which again enabled the data exchange hatwe
different toos (HVAC, RFM, cost calculation timessitling — 5D BIM).

Numerous BIM definitions are used by academics arattitioners, ranging from the view as software
application, as a process for design and manageohéiné¢ building through out the lifecycle (Araniitena

et al, 2008), or as a whole new approach to thetige based on so called integrated project dglifferins
and Owen, 2010). There is a joint agreement thatessful BIM implementation is supported by
technology (software, interfaces, data mangemgeple, process and policy and carried out in sgver
stages (Succar, 2009): pre-bim, modelling, collation and finally integration.
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Through integration of the multiple models of diffat parttaking disciplines and through capapitfy
visualization, simulation and management of théding through out the life cycle BIM is a promisiigpl
to support life cycle oriented integrated planning.

2.2 Problem Statement

BIM is experiencing much slower utilization by tA&C practice than the CAD at the time, especiallyhie
Central European region. Even the Western Europearket is lagging behind the US market in BIM
implementation — according to the McGraw Hill (2D@8udy, the BIM utilization in Western Europe 893
where as in North America 48 %. The architectddeatified as main BIM adopters.

What are the possible reasons? One of them istithéighliy fragmented planning practice, lackinige
integrative experience, which is a preconditiorstegcessful BIM implementation. Secondly the stagslar
and policies are lacking, differently so in e.ge tnited States (Penn State 2012, AIA 2014) ohanWK
where BIM is obligartory in publc projects from ZD1Kiviniemi, 2014). Further on, the investors are
important driving force for BIM break through oretmarket — as long as IFC models are not requiyetido
public investors such as it is the case in the @carian countries (in Finland since 2007, in Noywgince
2010) (Wong et al 2010) it cannot be expectedBifisit use will be accelerated in the AEC market.

3 RESEARCH DESIGN

3.1 Research intention

This paper presents the first results of the reseproject BIM_sustain, funded by FFG, carried ast
cooperation of Vienna University of Technology aseven BIM software developers and consultants.
Through the project the strategies for time- anst-efficient BIM-supported planning should be deywsld,
where by not only technology issues (software cdibifity, data exchange and transfer, informatioades)
but also people (skills, knowledge) and procesggization of work-flow, model building, coordinari,
change management) should be assessed, and §aally as basis for policy making and standardizaiio
national level. The cooperation with the industnaleles immediate compilation of customized software
solutions and improvement of the tools after idaation of the deficits through research.

In order to identify potentials and deficites ofMBlin interdisciplinary building design, we organize
student experiment. We simulated a BIM supportaggirated design of energy efficient structure in
interdisciplinary teams consisting of architectustructural engineering- and building science stiisl The
teams worked with different software constellatiohso teams in so called one-platform BIM using
proprietary interfaces, the other 10 teams in gpatform BIM, using IFC interface. We analysed the
people-process-technology triangle, testing procasd software satisfaction (people), efficiency arork-
flow organization efforts (process), respectevlftvgare compatibility and data exchange (technologyie
simulation thereby enabled quantitative (time sheativity protocols, inquiry) and qualitative ¢fts group
interwievs) assessment of the BIM supported plamnin

In the next step we analysed the BIM use in twgdageneral planners’ offices (both comprising the
architectural, structural and HVAC modelling); wheme of the offices works with open BIM and thieest

in one-platform BIM environment. The analysis wasried via open-ended interviews with BIM managers
and responsible planners, and the results were a@upvith the data we obtained from the experiment.

3.2 Student experiment

Through explorative research - an experiment with gtudents of architecture, structural engineesing
master of building science in the framework of BidM-Sustain research project - we simulated diffitre
collaborative, interdisciplinary design for sustbfe building of complex geometry. Thereby an
architectural, structural and thermal model shdwgdcompiled and optimized by the student teamsgusin
various BIM tools. In the winter semester 2012M8 first experiment was organized serving as pélod in
the winter semester of 2013/14 the subsequent iexpetr has taken place. The experience gained throug
the pilot experiment especially related to the tdartding, modelling and model exchange, and saftwa
combinations was used for the improvement of tileang experiment.

In this paper we will present the results of thstfexperiment, and compare these to the BIM péimemn
the AEC practice.
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In the pilot experiment 40 students took part, fioignll teams. Each team was using different sedfup
software combinations for architectural, structueald ventilation modelling, structural calculation,
dimensioning of ventilation and thermal simulatidhereby testing the software and the interdisaiply
data exchange (Table 1). Special emphasis was emsbessment of the benefits of one-platform BIM
(teams 1 and 2) versus the open-platform BIM comtimns (teams 3-11).

Through the analysis of the primary BIM data andtesl process documentation we were able to identif

the heterogeneous problems of BIM supported plannin

Team Architecture Structural Engineering HVAC (Ventilation)
(Simulation in TAS)
CAD CAD FEM CAD Calculation
1 Allplan Allplan Scia Engineer Allplan Allplan
2 Revit Revit Sofistik Revit Plancal
3 ArchiCAD Tekla Dlubal RFEM Plancal Plancal
4 ArchiCAD Allplan Dlubal RFEM Plancal Plancal
5 Revit Allplan Scia Engineer Plancal Plancal
6 ArchiCAD Allplan Dlubal RFEM Revit Plancal
7 Allplan Tekla Sofistik Revit Plancal
8 Revit Tekla Scia Engineer Allplan Allplan
9 ArchiCAD Revit Dlubal RFEM Plancal Plancal
10 ArchiCAD Allplan, Tekla Dlubal RFEM Revit Plarica
11 ArchiCAD Tekla Sofistik Revit Plancal

Table 1: Teams and software combinations usedperaxent

Through so called fault-tree analysis the data fthbagrams were compiled for each group, describlizig
transfer and software compatibility issues.

The fault-tree analysis shows, that transfer to bwlding physis software (EDSL TAS, Dialux,
Archyphysik) is equally difficult in one-platformsain open-platform BIM, resulting with numerous
problems, due to the fact that most of the softwdwes not support IFC interface, but the propretar
interfaces, e.g. Gbhxml. Reported problems: roomgtdoes not work, software crashes at import, waaks
not recognised correctly, blinds are missing, baoddelements not recognised, missing elements, avisd
not imported, result with remodelling or complewnmodelling in the building physics software. (Eig
Fig.2).

In terms of model transfer for structural enginegrihe one-platform BIM (via proprietary interfadeams
report less difficulties, however even here proldeappear with complex geometry (round walls) and
creation of simplified architectural model is nesay.

The transfer-analysis in HYAC modelling displaysgeneral problem in data transfer via IFC that room
stamps are not recognised, or interpreted wrongly.

DATA TRANSFER REPORT: Revit 2013 to Sofistik / SofiCAD DATA TRANSFER REPORT: Revit Architecture and Building Physics Applications
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Fig. 2: Fault tree analysis for data transfer tactiral engineering and building physics softwareTeam 5 (open-platform BIM)

For the detailed process-analysis the time sheets wsed for the analysis of activities and reldbee-
efforts. This allows drawing the conscusions onwekflows and efficiency of the planning processnzll
as the identification of the problems. Next to thquiries for the evaluation of the satisfactiorthwihe
software and the planning process, the focus gmatepviews were conducted for the tree functiomalugs
of architects, structural engineers and buildirigreésts. The content analysis allows the iderdifin of the
concrete problems of the each discipline in theedrof interdisciplinary cooperation and in thecisestep
the compilation of best practices for the improvatrd the planning processes.
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Fig. 3: Results of the inquiry for the technologpexts
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Fig. 4: Results of the inquiry for the people aspect
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Focus group analysis shows that the topic of iprability and content related discussions domitiate
focus groups, the early cooperation (team, orgéinizaand software) are seen as positive for futuoek,
which implies on necessity of a teaming workshaptlf@ future experiment (or planing practice). Bosi
experiences outnumber the negative ones, espeuidhiythe successive disciplines (structural engjimeay,
HVAC). The stress and time pressure in the lattanmpng phases require for better time management,
which can be met by more careful design of the mitamprocess, through definition of workpackaged an
milestones.

The inquiries show that interoperability is of gremportance for structural engineers and buildingentists
in the interdisciplinary team, but is seen as vamgblematic. They are also satisfied with the psscand
result, where as the architects are less satigfihcthe cooperation. (Fig. 3, Fig. 4).

3.3 Case Study — BIM in the planning practice

In order to verifiy the data obtained through thedent experiment, we conducted a research of kiWeuBe

in the planning practice on the cases of two ldnges, which both pioneered BIM on the market (garl
users). Via open ended interviews with BIM managamnd responsible planners, following issues were
questioned:

1. Which software do you use in the office for:

Architectural design, Structural Modelling, Stumett ~ Simulation/Calculation, HVAC
Modelling/Calculation, Building Physics, Cost Esdition

2. Describe the BIM work-flow in your firm - for vith constellations you use 3D data transfer, foictvh
other (2D, lists)? How does the information flomck in the originary model?

3. Where are you experiencing the largest dataé¥sklow do you solve this problem?
4. Where do you see the largest improvement paiefiti
5. Can you clearly identify the benefits of BIMyinur company?

3.3.1 Case A

Case A is an integrated building design and plapfiinm, counting to the largest in Europe, usindvBI
since 2008, comprising architecture, structural lHN&C engineering, construction mangement howewer n
building physics.The services range from the pnognang, architectural competition till project tuney,
including architectural, structural and HVAC buiidi design, planning and management (cost planmidg a
management, site management). The firms’ focus ris collaborative integrated design involving
architectural, structural and HVAC design. The fiemploys app. 500 engineers and architects and is
located at several locations across Europe, diginidp the work along locations. The firm works ines
platform BIM using Revit for architectural, strucaband HVAC modelling. Interviewed were BIM manage
and BIM responsible planner (Table 2).

The company works in one-platform BIM (Revit) empfgg Revit Architecture, Revit Structure via
proprietary interface in Dlubal REFEM or RSTAB fmalculation, Revit MEP with Plugin Magi Cad with al
of the object libraries for HYAC modelling, SolamcGebis for Ventilation calculation

5D BIM (cost planning and scheduling) is carried wa ITwo and RIB, by automated calculation thrbug
extraction of masses, interfaces for bidding pracedre still in development.

Quality control is carried out using Solibri cheftk clash detection, check of loadbearing elemamngs)g
IFC interface. The firm does not employ BIM assesinmeanagement tools or instruments.

3.3.2 CASEB

Case B is a general planer, offering full scopaearfvices from construction planning till projectrtaver;
structural engineering, HVAC, building physicsgfprotection; construction management, cost plapaird
management. The firms’ focus is on engineeringisesvand construction management, less on arahigct
design. The firm employs app. 180 mainly engineerd some architects, consisting of the headquater a
two futher smaller locations, also using joint I@Wrastructure and joint project set up. The firsnuising
BIM since 2011, as open-BIM, which allows workinghieterogenous software environment allowing data
exchange among specific tools of each discipline.
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Interviewed was BIM manager, who was responsibieBid/ introduction, implementation and setting of
firm’s standards (Table 3).

Interviewees BIM Manager BIM Planner

Categories

DATA LOSSES The largest data losses towards buldirt is simplier in the house — all use the same
physics, since these do not read IFC. model, more difficult out of the house |-
Further dataloses are experienced towerds @ifoblems with construction companies the
firms out of the house - constructigninterfaces do not work, data loss.
companies etc.

BENEFITS A benefits is better integration, everypodTime-reduction in project-execution, some

needs to communicate with each other, legwojects would not be possible without BIM
clashes (Solibri), finally possibility for due to the time pressure.
quality management, Design phase is faster.
Calculation of structure is faster due to the
premodelled structure from architectural
model.
Benefits for subsequent planners — e.g indugrial
planner can use the digital building model gnd
for the positioning of 3d machines, whigh
before BIM was not possible.
Quantitative assesment is difficult.
IMPROVEMENT POTENTIALS Improvement is necessary &ds building| Satisfaction — the education is important, easier
physics; it takes huge effort to remodel whemandling increases satisfaction
data is transferred.
There is still a break between competitiprLargest amount of time is used for the decisjon
and architectural planning (competitions arenaking, which cannot be taken over by Revi
not modelled in Revit).

Definition of the level of deatiling —a lot of
effort was put in to too high level of detailing
for design model
Life cycle management : BIM as built wh
should update the planning stage BIm mode
Data exchange across locations does not work
well, technical problems with central model
Inhouse: bi directional BIM; out of the housg
one way BIM

Table 2: Categorised statements Case A

- O

Interviewee BIM Manager

Categories

DATA LOSSES Greatest data losses are experiencetiein
REFM transfer (structural simulation).

BENEFITS The greates advantage is the workflow

systematization as well as the automatised
project set up, which substantially contribyte
to the improvement of collaboration and data
exchange.
Very difficult to asses quantitative BIN
benefits — every project is different, how o
compare?

IMPROVEMENT POTENTIALS The highest improvement pafels can be|
identified in data exchange between building
model and building physics, since these |do
not work with IFC.
Still dificult is to generate usable 2D
drawings from digital modells, that would ¢
along with e.g. ONORM standard.

Table 3: Categorised statements Case B

o

The firm is using a wide spread of different softevaBuilding modelling is carried out in ArchiCads(
originary model), structural modelling in Allplanalculation in Scia and Tower; HVAC modelling asliwe
as the calculation in Cats (Autocad Plugin), cdsinping uses BIM modell for automatised mass and
volume extraction for customised xls-based calaatbuilding physics is using Archphysik, TAS (whiis
de-coupled from the BIM process) and Dialux.

All of the models are coupled in one joint projset-up in Navisworks or Tekla BIMsight, which cagriout
collision proof and quality management, directlyessing the affected planners via mail.

Basis for this procedere is the standardised stredor all projects and all disciplines, using theme
project set up. The advantage of such set unas,dvery user is working in the existing, alre&dpwn
software environment, however in structured wayicivlenables data transfer and exchange.
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From the originary Archicad model both 3D and 2Dadis transferred to the structural engineering and
HVAC; bidirectional exchange is given between duited model and ventilation model into the origipar
model.

The firm does not employ BIM assesment managenoeig or instruments.

4 CONCLUSION

The examined cases, seen in the context of onfptaBIM versus open-platform BIM show similarities
identifed benefits and deficites. In both casesitimp@rovement of data exchange towards building jgsys
tools is seen as the most important issue. Botlescage as largest BIM-benefit the enhancement of
integration and collaboration. Both cases identtig necessity of standardization and policy (levkl
detailing, modelling normative or standard).

The cases confirm the experiment findings, whem titansfer towards the building physics software
(thermal simulation, daylight simulation) was burdd with numeous problems. Further implication from
both experiment and cases, is the necessity famodigh work-flow and process organization - more
intensive than in 2D CAD design and planning -lides to gain full BIM benefits.

The experiment and case study could not identdpiScant advantages in terms of data transfecietficy

of one platform BIM over open-platform BIM. In tlexperiment, the teams 1 and 2 must employ other BIM
software as intermediate step or use Gbxml inteddo transfer data to thermal simulation softwhogh
cases resulting with data transfer losses, teanet experiences problems in the ransfer of stratuaita
using proprietary interface in own family.

The case A, despite working in one-platform envinent, uses IFC for quality control via Solibri, and
leaves thereby the Revit platform. The BIM managfethe case A even sees a necessity for the bgildin
physisc software to support IFC interface, as thiearsal interface enabling standardized data exgda

It is questionable if the one-platform BIM as cldsg/stem is a viable concept in the practice -casn s
additional consultants or companies are parttakinghe project, a standard must be met to be able t
exchange the data bi-directionally, which agaithéstrenght of open-BIM concepts which allow fdfinite
expansion and data exchange in the planners network

The research implies that a thorough analysis rofisfi demands, workflows and working procedures is
needed as the first step in BIM implementation.t@uized solutions for each firm, based on careédigh

of workflows and communication, generation of jadi@ta-structures and project-set up play crucial far
sucessful implementation. There is no ideal satufane-platform or open-platform) or out of boxig@n.

None of the cases is employing a measurement mathgndor assesment procedure in order to evaluate
BIM benefits or perform benchmarking, which is adevispread and recognised problem (Barlish and
Sullivan, 2012, Bercerik-Gerber and Rice 2010).r&fare, is still difficult to quantitatively deteine the
business value of BIM, especially in the Centralrdpan region where the experience with BIM in
interdisciplinary planning is limited. In the nestep, a metrics system for measurement of BIM litsnahd
strategies for stage-wise BIM implementation suédbr Austrian market should be developed.
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