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*Virtual Reality for the PrismArch project means a mixeality simulated world. Our understanding

of VR extends to all digital means of simulation and interfaces between machine logic and human
perception, including all variations captured under thenerXR, AR, mixed reality, and augmented
virtuality. Twoedimensional worlds are not an exception of this (i.e. access from desktop monitors,
tablets, phones etc.)
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Executive Summary

This rather extensive deliverable is a holistic approach into the needs of the basic AEC disciplines
namely Architects, Mechanical,le€trical, Public Health, and Structural Engineers from VR
environments. The general scope is to enhance collaboratiamrimersive spaces by providing tools

that enable a smooth workflow before, during and after the construction of a building. The s&uctu

of the deliverable is as follows. In Chapter 1, an introduction into the modern era of building design is
provided espeially under the prism of recent investigations of a fire disaster in a tower in the United
Kingdom. In Chapter 2, the principles adnw and design for the basic AEC disciplines are provided in

a manner that reveals the requirements from new VR system&hhapter 3, the use case partners,
namely ZHA, SWECO and AKTII provide 4 buildings designs that will be used as PrismArch use cases.
In some cases, the designs images are blurred in order to hide information which is held under a non
disclosure agreementdtween them and their clients. If potential interest exists please communicate
with the authors (ZHA, SWECO, and AKTII) to requeast dwiails. In Chapter 4, the requirements
analysis methodology and the collected requirements are presented.

ZHA- Helmut Kinzlerdelmut.Kinzler@zahkhadid.com

AKTIF Edoardo Tibuzzédoardo.tibuzzi@aktik.com

SWECOGOusamma Yousfiussama.yousfi@sweco.co.uk

Overall project coordination:

CERTIg DimitriosVerveridis ververid@iti.gr
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About authors

Zaha Hadid Architects (ZHAXH VR Group

https://www.zhvrgroup.com

Working with clients that have global reputations for elkence, Zaha Hadid Architects (ZHA) has
redefined architecture for the 21st century with a repertoire of projects that have captured
imaginations across the globe. Form and space are woven within the structure of buildings that evolve
from their surroundngs and tie disparate programmes together. Enticingly contextual, each project
combines an unwavering optimism for the future with cepts of connectivity and integration.

Receiving the highest honours from civic, professional and academic institutiotthwete, ZHA is

2yS 2F GKS ¢g2NIRQa Yz2al 02y akidhd vaer fér fodr dedeBigsi A O
These 40 years oS5ra S| NODK NS AYaONROSR gAGKAY S@OSNE R
democratic attitude, offering generous plic spaces inside and out. The ideology within each design

is applied with a light touch as well as principled discipline; engagagityh with an act of attraction

rather than imposition.

%l 1 Qa 2LIGAOFTf& NAROK AyilS Nifios NiEey ihvikRexplorddbri st thed &4 a I @ &
space becomes personal, owned by all visitors as they interact with each other and the simgound

I NOKAGSOUOdzZNE® al GKSYIFIGAOAlIya FOly2e¢fSR3IS GKS Lz
this architecturealso engages the senses and captures the eye; creating unrivalled spatial experiences

that are clearly organized and intuitive to ngate.

Marrying innovative digital design methods with ecologically sound materials and sustainable
construction practice, ZHA does not look at the disparate parts, but works to understand them as a
whole; delivering practical solutions to the definingattnges of our era.

Each project by ZHA is the very specific assimilation of its unique context, local culture, pnagjam
requirements and intelligent engineeringenabling the architecture and surrounding urban fabric to
seamlessly combine, in bothrfoal strategy and spatial experience.

In over 50 awards A Y YAy 3 LINR2SOGa | NRPdzyR (GKS geréfiheBR> %I ! Q
spatially, more efficient structurally, more polished materially, more advanced technologicalty

generally more resolvadwith each new design. Their clients commission buildings, and ZHA meets

the programmes, but ZHA also reads between thedito exceed each brief and consistently deliver

the shared aspirations of a new generation.

Collaborating with visionary clients, caminities and industry experts on more than 60-going
LINE2SO00Gasx %I ! Qa KdzasSte 4l t Sydhiéhéed profeRsiorals Rotkvithi SR (1 S
LI 2aAz2y yR O2YYAGYSy(d (2 K2y2dzNJ %I KI | I RARQa f
continents.

ZHVR GROURaha Hadid Architects have been a constant driver of highly specialised design solutions

and technolgical innovations. Among these revolutionary developments the office led the early
adoption and transition to a fully digitised 3D d@sf LINRP OSaad® ¢KAa Sylof SR (K
digital design coordination and manufacturing. Since 2B8HV/R GROUPRas been working with

several developers for hardware and software to adopt the emerging VR technology into architecture
anddesign. @ NRSNJ 62 NBIFIftAaS (GKS LRGSyaGaAlrt 2F +w yR
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an ontological shift, ZHVR @podevelops VR experiences and presentations for building projects and
also focuses on Vpecific designs. An additional interest apart of the mission statement is to
develop Immersive Modelling Tools. ZHVR Group holds several partnerships withltitixR and

the construction industry to develop a novel way for designers to collaborate and design inside
augmented reality.

Starty 3 Ay HAamnI %l +w D-NRisizhitéction anhlbolabokayio@sAnithZektgfral A y
specialists included; the introduction of VR Kits and VR Workstations faetimeaVR, stereoscopic

still images, and animations; enabling internal deseyaludion and client presentations; and
numerous irhouse immersive visuals for client presentations and competition entries. These
visualisations cover the scope of Architectural and Interior Design Work.

AKT Il

https://www.akt-uk.com

AKT Il is a progressive deslgd practice of consulting civil and structural engineers, fagade engineers

and bioclimatic engineers, with a proven track record of providing a high qualityyative and well

managed service. We brirggproactive approach to all of our commissions, always with the goal of
SadlrofAaKAy3d GKS OtASyiQa ySSRa yR 2FFSNAyYy3a (K
to design, quality, cost and programme.

We engage with the client and wider teaah each design stage to deliver ideas and solutions of the

highest quality, which are underpinned by a keen knowledge of modern construction techniques and
leadingedge analytical tools. We have a wide and varatje of projects overseas, all of whictvba

been delivered from our London office through either partnership with local consultants or with full

delivery services. Innovation in the design and construction industries is frequently driven by
technologicakhange and discovery. As a leading de$igused engineering firm, AKT Il has always

perceived these changes as opportunities to uncover novel design strategies, and to create efficiency

and add value throughout the entire construction process. Sinceetiriest years of AKT II, this

approach ha been exemplified by p.art, ofrarametric Applied Research Teaffhe singular remit

of this cross disciplinary group consisting of engineers, architects, computer scientists and
parametric designers is to eplore and capitalise on new opportunitiesavtechnological and

software development. To achieve this, p.art carry owdapth research into new materials,
construction and fabrication techniques, as well as creating new digital tool sets and software
interfaces. The diverse interests and expertisithin the group include structural optimisation

through formfinding, environmental analysis, machine learning, live occupancy sensing, and many
Y2NB® ! ff 27F LJdFNIQa | 3SyRI deménhdith Igadiriglai2hNdit@dR 1 K NP
and engineeng faculties at universities across the UK and worldwide, however the work is
emphatically not a series of academic exercises; p.art often works alongside other design teams within

AKT Il to apply these advandegealworld design projects, which alemsures that knowledge gains

are disseminated and embedded across the entire company. One of the critical efficiencies that p.art

brings to projects iRe.AKTaunique software ecosystem developed inhouse oveethast six years.

Re.AKT Il directly intedices with a host of different industryeading modelling, BIM, structural

analysis and drawing production software packages, to form an interlinked and holistic design
environment This enables design teams toidlp collaborate and refine their work, amthsures that

Fff FaLwsSoda 2F GKS LINRP2SO0G IINB O22NRAYFGSR (KNP
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This advanced toolkit is available to all engineers and CAD technicians within the company, allowing
them to perform strutural form-finding, produce engineering domentation and automatically
generate 2D or 3D fabrication information from that unique synchronised source. An advanced
Bioclimatic Design Toolkit [BioToolkit] has also been developed by p.art, capable ofigigninldigh

fidelity the complex environmeal conditions, such as thermal and wind comfort (see Figure 0.1),
which emerge within existing and proposed urban spaces. This toolkit has significant speed and
accuracy advantages over previous techniques, aan fwe used to rapidly simulate, assess and
optimise across many stages of the

design process. It has alread

contributed to a number of successft > ——

planning applications and  winning s
competition entries, and is now beinc |
expanded to encompass other aspects
environmental performance, such a |
structural wind loading analysis ant
internal smoke egress simulation. Othe
emerging strands of research include tr
assessment and integration of virtual an
augmented reality interfaces, anc
development of orsite irformation
sharing platforms. As with manyf ¢the
interfaces p.art develops, these new

tools operate at a multitude of scales, Figure 0.1: Bioclimatic desigorfwind Engineering,
from small pavilions to connected Comfort & Resilience, and Building Physics.

Detail J

buildings, all the way through to the
realm of smart cities.

SWECO

https://www.sweco.co.uk/

SWECO aims into producing sustainable buildings, efficient infrastructure and access to electricity and
clean vater. With 17,500 employees across the United Kingdom and Europe, we offer our clients the
right expertise for every situation. We carry outojects in 70 countries annually throughout the
world. Our commitment is to be the most approachable and commipadner with recognised
expertise. We are governed by curiosity, commitment and responsibility at all levels.

We believe it should be easy idg business with Sweco. Our model is a decentralised one. Every
consultant is responsible to deliver, and empowegf 3 S| OK O2yadz dFyd Aa {86SO
are one of the largest consultants in urban development, the decentralised approach aidovde

close to our customers, understand their needs and ultimately deliver.

As building professionals, we ot#ily assess and communicate the risks, opportunities and solutions
at each stage of the project, through a range of workshops, site visitsralestone approvals. Our
multidisciplinary offering allows us to work holistically with all stakeholders, empour designs are
technically robust whilst also delivering elegance and value.
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We provide analysis, design and site monitoring for all aspet buildingrelated projects. Our
expertise and knowledge allow us to design and deliver solutions which reegntimee use of natural
resources and provide value for our clients throughout the project life cycle.

Innovation: Our success in technical invetion involves working closely with both industry and
research institutions. For us, research is a crucial ele¢roémvery project and is applied in equal
measure to cost, buildability, maintenance and technical performance. We have established global
links with both academic and industrial research facilities and, when appropriate, we make use of our
experience irmockups, performance evaluation, |Hgycle testing and computer simulation.

Sustainable leaderduildings have a significant impact on tieural environment, and governments
are, understandably, introducing regulations to promote the principle ofanability. Our highly
gualified engineers have, for many years, led the way in promoting the best in practical and
sustainable design. Eveapyoject has its own unique signature and is evaluated on its own merits to
ensure optimal solutions are adopted.

We evaluate the feasibility of passive design measures, to reduce environmental impact, prior to
investigating active systems. Our experieneedineers ensure that systems proposed in the design

2F (GKS LINR2SOGa F2ff2g & suktidbli® farigditsGire tdt. SWELS S LI A |
KFra 22AYSR GKS . SGGSN) . dzAft RAYy3a tFNIYSNEEALI 0.
Pioneer Delivery partner, as part of our ongoing commitment to improving sustainability in the built
environment Increasingly, buildings must be environmentally friendly and able to demonstrate this

through benchmarking against a range of sustainalbigdes, some of which are imposed by law and
regulations.

We are registered assessors for the Building Resear¢th@®&§tA a KYSYy i1 Qad 9y JANBYYSY
Method (BREEAM) and the Home Quality Mark (HQM). These have established themselves as the de
facto stardard for measuring building sustainability. We offer assessments against a wide variety of
BREEAM standards. Marof our buildings have achieved the highest BREEAM and other
environmental assessment ratings. We offer practical and independent advice udding

performance and labelling during all stages of the project.
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M® Lbe¢whB5bh3 ¢cwh{p9! w/Llx 9. W9/

The main objective of PrismArch is to achieve a synergy between multiple authoring and reviewing
parties for the AEC industry by locating the collaboration within a singular immersive and experiential
collaboration space, and todk at the design deelopment holistically throughout the entire life cycle

of the architectural project, from preoncept to archiving. The desired outcome is a unique platform

to connect all architectural project stakeholders who are presently silodtein tespective displines
(including clients, architects, structural engineers, MEP engineers, project managers, contactors, etc.)
and to synthesize the disconnected digital information.

To achieve this aim, we must examine what disciplinary demarcatulhbe necessaryvithin the

unified data sphere, and envision innovative data structures and data handling methodologies. All
project information must be contained in one singular and flexible information structure that is

capable of sustaining the endirproject ecosystenfwe can imagine this system working similarly to

the SDKs of theti K2 Y ST b + A R A Onthiersh [N @IEUINEeS/Gr

t NAAY! NOKQa a02L)S GKSNBT2NB Ay@2f @Sa GKS TF2ff 2
aspects (photeealistic and abstract representation), information regisivat management, ah

visualisation (for architectural 3D assets), and the application of artificial intelligence.

Information processing requires a unique information framework suited for gathering and storing, and
a cognition system that is both 1) a deated system, an@) unique to the geometry and the setup

of the information. As an analogy, we can look at the human nervous system and thgHigaire

1.1), where the central location of information allows the convergence and ability to processthis d

The physicaleparation of information spaces is no longer a technical requirement in the AEC industry,
but a carryover of history and tradition. The images of semiconductors merging with biological nerve
cells (Figure 1.2) suggests that a unifiediglespace is alregdtechnologically within reach. Not only
from a conceptual level, but also on a physical level, we are close to merging biological reality with
technological reality. The data can be potentially visualized in tree shaped nodes suéligasdri.3,
whereeach node level presents a different level of detail for each AEC discipline, commonly known as
LOD in architecture (see Table 2.1 in Chapter 2).

Figure 1.1. The biological/anatomical information Figure 1.3. Visualized compldata trees
and data processing system GAGK AYTF2NNIGAZY Y
graphs of Internet topology created usinc
the Walrus visualisation toaeveloped by
Young Hyun at the Coepative Association
for Intemet Data Analysi<QAIDA ¢ X
https://www.caida.org/tools/visualization/w
alrus/

Figure 1.2. The fusion bfological nerve cells and human
made data processing technology

Filename: PrismArch_D1pdf Pagell


https://developer.nvidia.com/nvidia-omniverse-platform
https://docs.omniverse.nvidia.com/prod_nucleus/prod_nucleus/overview/description.html
http://www.caida.org/tools/visualization/walrus/
http://www.caida.org/
https://www.caida.org/tools/visualization/walrus/
https://www.caida.org/tools/visualization/walrus/

D1.1 Limitations of AEC software tools, VR user/functional requirements PrismArch 952002

The data created with the current (siloed) information system already has a high level of complexity.
When converging it in PrismArch, we will need to maintain the professiealarcations of the
authors, and ensure suredhall contained information is identifiable. The extent to which PrismArch
aims to record information related to and associated with projects exceeds what we have previously
achieved within the AEC indust&imilar to the way that internet topology cae bepresented as data
trees with information nodes using 3D hyperbolic graphs [figure 3], bringing all the layered
information into a single space will allow the totality of project information to be viewealsisgular
event/ singular entity. PrismArahill create new ways of storing and processing information, because
the traditional methods of capturing and storing information keep the AEC practitioners artificially in
our separate authoring spaces. Theaf this research is to prove that all the ot information is

able to be contained in the singular space.

The main purpose of D1.1 is to identify the requirements and parameters of this singular design space
needed to streamline the communication artthta transfer inefficiencies of the tradition®EC
workflow. However, the aim is to move beyond streamlining the current workflow, and to create the
possibility for novel efficiencies to emerge that could revolutionise the way we collaborate. The intent
of this research objective is to review andslrate the current methodology and practices of each of

the crossdisciplinary design partners of the consortium, ZHVR-IAKihd SWECO, to arrive at a
blueprint of requirements and specifications in order guide the project research and technical
objectives, highlighting the current limitation in BIM, reviewing the available technology, and
providing examples of existing immersive and/or collaborative AEC industry tools.

Despite the evolution of digital tools for the AEC industry, the narrative Rrea2 ¥ I LINR 2 S C
development is most often missing in cemt projects because no single record exists of the decisions

GKFG AYLI OGSR GKS LINRP2SOGQa RSOSt2LIYSylio- ¢KS &f
related information is crucial for the evdlan of the AEC industry, and will soon be required by ne

regulations in the UK. The UK presently is going through a regulatory overhaul of the entire AEC
industry based on findings of Dame Judith Hackett, who is leading

the investigation into the indus&r Q& NXB 3 dzf | (1 2 NB 3 GKS
Grenfell tragedy [Greell 2017, Hackit 2018]This is the largest
review of UK health and safety since 1945.

In the draft Safety Bill [Draft Safety Bill 2020], currently unc
review in Parliament, UK Legislation is inwoing the Golden
Thread Principle, requiring a detailedd traceable safety recorc
of all the decisions made throughout the lifetime of the projec
from early decisions during design through legacy handovers
maintenance and repairs of the completdulilding. This new
system of mandatory occurrence reporg, a golden thread of
information running through all parts of the building, will becorn
a manual that will cover a building during the entire lifecycle. T
golden thread will begin with informain about early design
decisions, tracing why the buildingas designed in a certain way, Figure 1.4: Version 2020 of
continue through the design development and constructionth€ Building Safety Bill.
phases, and then to building use and maintenance, noting a \mage opyright Barry

Vembi
embling of Watson Farley ¢
repairs. This will not only provide a wealth ofiformation for WiIIiamsgzozo y

Draft Building Safety Bill
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informed decisions, but also make it pdssito follow the golden thread record in case of a building
failure, to allow the regulator to determine who was at fault.

-

“I have found that the regulatory system
for safely designing, constructing and
managing buildings is not fit for purpese.
The current system is highly complex and
there is confusion about the roles and

responsibilities at each stage. In many
" areas there is a lack of competence and
Building a Safer Future accreditation”
Independent Review of Building
Regulations and
Fire Safety: Interim Report
@ 8 “While this does not mean all buildings are
Eessniad s Sorbim ] unsafe, it does mean we need to build a
more effective system for the future. That is
why | am today calling for the construction
Dasamber 2017 industry, building owners, regulators and
government to come together to identify
how to overcome these shortcomings
together”

by Gommand of Har Mafasty

omass1

©

Figure 1.5: Interim report of 2017 about the Grenfell fire accidentgenzopyright Barry Hembling
of Watson Farley & Williamg020

A detailed contemporaneous method will be required to keep track of what changes were introduced
and why (such as value engineering). If the building safety design is compromised in any way, the
architects will be held accountable. Sigffi of building on completion is likely to involve -signing
compliance with approved inspector, architect, and contractor. The idea is that the architect needs to
understand what has been designed, so that thehéect can sesign along the inspector.

Ministry of Housing,
Communities &
Local Government

“The Government has accepted all 53 of her
recommendations. Moreover, in some areas

we intend to go further”

Building a Safer Future

Proposals for reform of the building safety
regulatory system

A consultation

June 2010
Ministry of Housing, Commurities and Local Govemment

Figure 1.6Version 2019 of the proposals for better safety in buildings. Image copyright Barry
Hembling of Watson Farley & Williams, 2020.

The above is highlighting a need for a unified review and rekeegiing platform that can be used to
consolidate and keep tk of the review and decisiemaking process during the entire lifecycle of a
project. We see no better way of doing this than in VR, whereby bringing the embodied experiential
aspect to the simulaté project, facilitating the most informed and realistioa®unter with the
developing design. We envision PrismArch as a review space, communication, visualisation, and
project management tool that handles high resolution immersive space as well as daeatioreand
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recordkeeping, allowing all parties involvedie creation and maintenance of a building to converge
in a single experiential space.

Methodology followedin this deliverable

Our activity involves analyzitlge workflow of an architectural pject, i.e., the order of architectural

and engineering design sequence; defining how simulations are used in the AEC industry; and
identifying the current limitations of the existing BIM (Building Information Modelifi@\D
(ComputerAided Design), CAEof@puter-Aided Engineer, Simulations) software, as well as the
available VR softwarfer the AEC industrgCurrent software allows for easy and accurate modeling of
complex threedimensional designs, so rather than ptagithe focus exclusively on contemeation,

we look closely at the communication and knowledge exchange between various design partners in
the contemporary design process. Our aim is to highlight the vast amount of secondary information
required currenty to communicate and transfer inforrtian successfully among partner disciplines
and out to the client. Our findings are based on our internal project folder dategiecommunication,

and direct input from the team members. We are not able to reviewghene conversations that

took placeand thus cannot evaluate how these influenced the efficacy of the information exchange
and absorption of the new information.

Outline of this deliverable

In Chapter 2, we introduce the responsibilities, obligations] #re authority of each of the three
design disciplinesarchitecture, structural engineering, and MEP. Because all three design partners
are UKbased, this report reviews the AEC Industry through the lens of the UK's governing bodies.
However, it is impdant to mention that every country &s its own regulatory body, and although
there are many similarities between the international boards, there are many key differences also. For
example, the path towards licensure differs from country to country, varisirthe duration and level

of educaton and type of apprenticeship required, all across the world [Semparative Anasis of
Architectural Education Standards Across the Wrldl YR Ay 9 dzNR LISS | a 2dzif A\
Council of EuropeACH [see AEC: how to become an architct The relationship between each
discipline and its design tools and methodology is also explored in Chapter 2, and examples of current
AEC tools used by each partnepiievided.

In Chapter 3, we look atse studies from each discipline, finding a common denominator and rule

sets through reviewing projegtlated events. We begin by mapping the project development process

from the vantage of each of the design partnefscusing on the areas of communiaati and

knowledge and data transfer that are inherent in the current design workflow. To capture the widest
possible range of design and collaboration experience, each design partner focuses on mapping two
selected projets from their portfolio. Each projic Aa | yIIf @aSR FTNRY (G(KS adty
notable key events in the life cycle of the project that had defined its development. We document

what software was used in each incident, and map this informaticartize at a holistic, widangle

view of the project development ecosystem within the AEC industry as evidenced by ocwardl

project data.

In Chapter 4, based on the findings in Chapters 2 and 3, we proposed several user and functional
requiremens that are needed for VR environmenihe analysis of the requirements is performed
dzaAAy3a | awSljdzZANBYSyiGa {KStfé¢ GKAOK A& | dzyAd (K
Y2ad adSYYAy3 FTNRY ®wL999 yon: al RYUSK SYSySama® aoc
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H® 'w/ 1 L¢9/ @©9wLpD 9bBLbHbhb{¢cw!/ ¢Lh
2.1 Responsbilities, liabilities and authorship assemblies

An architectural project requires input from multiple disciplines including clients, project managers,
architects, engineers, consultants, contractors and thggmiodevelopment is a collaborative effort
coming out from the assemblies. Despite the coll@ion aspects, because each disciple has its
dedicated responsibility, obligation and authorship, the project development is traditionally
represented as a linggprocess. Existing market attempts to innovate technology to facilitate the
project authoringprocess, e.g. [BIM 360] which is the closest product to the goal of bringing multiple
disciplines together into a singular design space. However, the innovaditential still remains
unrealised as the current software solution has little recognitiortfermultidisciplinary environment

and per se continues to be an | authoring tool for the siloed disciplines. The lack of opehtiess

tool and the high entryhreshold of required information and project definitiomakest dysfunctional

for the archiectural discipline to adopt at the early stage of the design.

Every architectural project is an assembly of the segmented 1igitiplinary work cycles. The work
cycles of discipline are segregated due to the nature of the traditional/historical workadetfand
this is reflected in the current selection of tools. Disciplpecific authoring tools cater to the distinct
workflows within the AEC industries.

Stag reports, authored by project disciplines and submitted to the clients to keep a histoordrec

and track of decisions made at each project development stage, can be seen as a bookmark of
synchronised thoughts across the project disciplines. The sulmnitbeument does not necessarily
reflect all the reatime decisionmakingprocesses in an indidual discipline scope.

9 OK RAAOALE AYySQa aGFNI LRAY(G A& RAFFSNBYyGI FT2N
stage of the project to devejothe project brief with the clients and engineers come in later stages of
the project to refne the design options developed and received from the architects.

The architectural discipline and engineering disciplines do not see design as a linear pvbeesas

the MEP discipline enters at a later stage and tends to view design as a progresiiiten of the

MEP elements. For instance, the MEP engineers are not as likely to have to offer multiple design
options directly to a client.

Engineers mightdwe inrhouse developed libraries of pet principles or options that can be adapted

to the proposed architectural design options, yet architects might want to mine and create new design
inspirations and options considering a cultural point of view ad a®lto tailor the design to the
clients. Architects highlight problems by executing concepsigh development and engineers
suggest potential solutions (options) with their expertise. It can be said that having multiple disciplines
at an early stage endds the project disciplines to avoid risks of changing plans or construction
methodology, andhis will also benefit the clients to manage financial aspects more carefully. Multiple
disciplines being involved in an architectural project from an early stagealso offer opportunities

to brainstorm the brief from multiple perspectives and this wbinfluence the entire project proposal

as well as its management system.

The Royal Institute of British Architects [RIBA 2020], Appendix 7.2 suggests thatfromput
consultant at an early stage of the design can help clarify the design brief andfenamidial and
management risks:
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- Determining the need for specialist consultants is a key taSkaafe 1 For example, the appointment
of an acoustician migtiie essential for a school next to a railway line.

- At Stage 2 specialist consultants shalitlevelop their Project Strategies, focusing on, as a minimum,
any aspects impacting on the Architectural Concept or the Cost Plan [RIBA 2020].

RIBA only beingne of the examples of architectural work plan, however, these rules can be applied
globally asarchitectural projects can be international and vary depending on the building regulations.

Particularly useful in all stages is the Building Information Modg(BIM). The primary role of BIM in

the workflow is about sharing information and workingg&gher. BIM enables everyone to access all
project data at any time, as everyone is connected to the BIM common data environment, also known
as BIM platforms. Edttive use of BIM can result in a gain in productivity between 20% and 60% (see
Figure 2.1) [McLeamy Curve 2004]. The use of new digital tools is tied to the reduction of errors as
well. Below is the chart which shows the comparison of BIM workflow vdr#uitional drafting
workflow.

Ability to Impact cost and
performance

@~ Cost of design changes

"4 ®— Drafting-centric workflow
o

o NS

Design Detailing Construction Operation

Effect/Cost/Effort

@- BIM workflow

Figure 2.1: Improvement in efficiency by using BIM workflow instead of traditional drafting methods,
G¢KS al O SFYe [/ dzZNBSé o

The idea and aim of Building Information Modelling (BIM) issi® a shared digital representation of

I odzA f G | & a Ssign, Godstructdrt aDd dpéraiidn prBces’eS to form a reliable basis for

RSOAaA2yaé »l:2p18]9The basicmotionsherepstated below.

BIM Employee's Information RequiremefEIR)The Clients/Owners have a significant role to play in
the BIM pocess. They are the one who should be driving and encouraging BIM. There is no complexity
or size a project should reach to be Bévabled. Typical EIR shall have the following infoiona

Purpose Scope

BIM objective and uses
Project details
Management requirements
Technical requirements
Commercial requirements

Once a project team is assembled, andi | | S Kralds Rrisl KeBpOnsibilities are defined, the client
collaboratively patitipates in creating a BIM execution plan with key projedteftalders.
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BIM Execution Plan (BEMIM Execution Plan (also known as BEP) helps to outline the goals of the
BIM process. BEP enables the project teams to understand critical deadlines, preduied
tasks/work, and explain why that work is crucial pwoject success. BEP will have all the essential
information about the project (this will provide an overview of the project scope to anyone who is not
familiar with the project). Typical BERad have the following structure:

1. Project Information:This Section shall have the necessary information about the project such as
Project Owner, Project name, Project Location, Project Description, Project duration, Contract type,
Cost, etc.

2. BIMProject team DirectoryAll the project members' contact detaisuch as company name, Name

of the individual, email, phone number, and responsibility shall be listed here in the form of a table.
This list will enable the members of the team to contactleather should there be any questions
related to the project

3. Design Stage Milestone$his Section shall have information about Project design stages with the
start date and completion dates.

4. BIM Roles and Responsibilitfhis Section shall hawke necessary information about BIM roles
and responsibilitiedike Client's BIM representative, Consultant's BIM Manager, Architecture BIM
Manager and BIM Coordinator etc.

5. Design BIM Goals and Authorized Us€his Section shall have information alb@IM objectives
and uses such as Visualization, Design ainor3D coordination, Digital fabrication etc. It also
provides information about Authorized uses.

6. Model Types and detaildnformation about the production model shall be populated hérbese
Y2RStfa OFly 06S 5SaAiiday Ly i DyilimodePoRRedor model.yrisNsectan 2 N &
will also provide information about Model sharing platform, model exchange frequency, milestone,

file types, software programs used, software versjoslared coordinates, naming conventions,
standard file sharinfprmat etc.

7. Digital CollaborationDigital collaboration process during the Bbdsed project delivery will be
provided here. This Section shall have information about BIM360 (or sinul&tporation site, project
admins, contact information, coleration locations, scheduled updates etc.

8. Linking Strategyinformation about the linking strategy will be provided here. The Section explains
whether it is One Model Strategy, Multipleddel Strategy, Floor based linking, Nested linking, Cloud
linking etc.

9. Model Control StrategiesFhis Section shall have information about model control strategies. This
includes worksets, naming conventions for new worksets, copy/monitor, Coordinages, phasing,
Design options etc.

10. LOD (Level Of DetpMatrix: This section provides r————— elopmant [LOD] | Defnitions
information about how much detail and informatior | 100 Conceptusl

should be in our BIM. Table 2.1 includes the definiti [5557355 e
for various LOD commonly used. Table 2.2 is [400 Fzbrication and assembly

exampleof a filled LOD matrix. 2 As-built

Table 2.1: Level of Detail
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Revit Family Categories Maodel Development Category per LOD
50451 100 200 300 400 500
Air Terminals DB/FB
Cable Tray Fittings DB FB
Casework DB FB
Ceilings DB FB
Columns DB/FB
Communication Devices DB FB
Conduit Fittings DB/FB
Data Devices DB FB
Doors DB/FB
Duct Accessories DB/FB
Duct Fittings DB/FB
Electrical Equipmeant DB FB
Electrical Fixtures DB FB
Entourage DB
Fire Alarm Devices DB/FB
Floors FB DE
Furniture DB FB
Furniture Systems DB FB
Generic Models DBIFB

Table 2.2: Example of a filled LOD matrix.

11. PreConstruction Model ChecklisQA process during the Bivhsed project delivery can be found
here. Below, in Table 2.3, is an example of the sample checklist.

MEP Chechdist:

# | Checklist Text Conlormance
Yes | Mo | MIA

1 Duchwork shown at the right size and location

2 Piping shown ot the right size and location —including slopes

Structural Checklisk:

§ Checlkdist Text Conformance
Yes Mo | MFA

1 Beams at comect depth

2 Cross bracing modeled

Table 2.3: Example of a checklist of BIM

12. Clash DetectionThis Section shall have informati about who maintainghe Federated model,
frequency of clash detection meetings, frequency of model exchange, the process involved in clearing
the clashes etc.

BIM requires to set up the Information Requirements for a project, and to enable this to therk,

project requiresa developed 3D modelThis also affects how architects would develop 3D models.

The decision making on the implementation of BIM technology needs to be done by the clients and

the project disciplines before the project starts. In atgse of BIM implemente projects, each
RAAOALE AySQa &a02LIS |yR NBalLRyaAaAoAfAlASaE 2y ONBI
must be clearly mentioned and agreed in the contract. BIM requires specific knowledge and the
project might require aIM consultant. Therpject disciplines might need to change their existing
traditional workflow to adapt to the system if the team does not have experience with it.

Ly FFEOGZ owL.! HAaHnZ LIPmnné YSy(dAz2ydjediKahiigeaa SaidAa
task br architectural projects now because the way buildings are briefed, designed, manufactured,

02y adNHOGSR YR dzASR KI 98 0 S SThe Atkdr 5B mahbnsahat 1 S OK y
the data is organic and the value may cparacross stages. Thikent and the project disciplines need

G2 0SS g NB 2F GKS NRAlY da!ft0K2dAK GKS Ay TF2N¥I (A
design iterations, to conclude the engineering aspects (including Engineering Anal$tagen3),

coordinate 1 with Project Strategies and align it with the Cost Plan. It is simply not possible for
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information issued migstage to be fully coordinated; any client using such information needs to be
Fgl NB 2F GKAA®DPE ¢ KScumdy afthe data Bica¥ tHata codezt¥dSandfuses for | O
site survey.

Yet setting up the Information Requirements is required at a very early stage of the project
RSOSt2LIYSyd Ay 2NRSNI 2 NHzy | LINB2SO0Qa RIGF O2
throughout the stagesthe BIM requires resolutions in the 3D asset. Meaning, even if the mutli
disciplinary collaboration happen from the beginning of the project life cycle, lower resolution

design tools or incidents such as architects' hand sketches¢c@nceptual sketchesnarkups made

RdZNAY 3 YSSiAy3da G RSaAIYSNBRQ RSal oAttt ySOSNI 68
- unless there is an additional and customised top layer embedded into the BIM software.

RIBA states that architecturaegign development miglremain as multimedia and all stakeholders

daK2dzZ R 6S 2y 062FNR G Fyeée aidl3asSy a{2YS I NOKAGSOU
to convey the Architectural Concept. Others may wish to use virtual reality to walglignt around

the proposals, and to issue a video of what the client has agreegas the core deliverable. The

amount of supporting information required from other design team members will depend on the size

and scale of the project. However, the Stageport can be use@t O2 NNJ f SOSNEB 2y SQa
record the decision making that has influenced this information. A core task during Stage 2 is to
undertake Design Reviews. It is important that these involve all Project Stakeholders, so that their
views are incorporate into the Stage Report. The Project Strategies set out in chapter Six provide

more detail on how Design Reviews can be used to engage Project Stakeholders on key issues [RIBA,
HAnnnI L mnneéd ¢KAA &AFRgre 2.2 anyg Figurd.3. RS piacedirSiR I NJ L
emergent nature of an Architectural Project is depicted in Figure 2.4 that spans over 9 stages
(subfigures). These stages express the time dimension in an architectural project that has to be taken

into consideraion in the PrismArchrpject. The next section explores responsibilities, obligations and
authorships of each discipline in detail.

N

Interfaces between parties and teams
(simplified version)

Key:

o Appointing Party o Project Team

Q Lead Appointed Party e Delivery Team

@ Appointed Party 9 Task Team

Image reproduced with permission from BSI

Figure 2.2: UK BIM framework, The overarching approach to implementing BIM in the UK,
https://www.ukbimframework.org/, https://www.cdbb.cam.ac.uk/
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Project Manager

Quantity Surveyor

-/,

1

4

& |

Structure ..."

~| Home #u}cmitiun
AV consultants /
N 2
ficoustic consultants

(Contractors

( Public and Commercial Access)

Figure 2.3: Project Assemblies Organized Workflow for a Project Disciplines Pilot Interior Project.
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Feasibility

Mobilisation

-------

'
@ (b) (c)

Figure 2.4: The initial workflow intettaans: (a) Project requaments posed by the client; (b) The best means for achieving the clients requirements is
confirmed; (c) Project Brief approved by the client and confirmed that it can be accommodated on the site.
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Developed Design
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Figure 2.4: (dirchitectural Concept approved by the client and aligned to the project brief; (e) Architecture and engineering inforpetally s
coordinated.
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Technical Design Construction
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AV consultants s B =
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Figure 2.4: (f) All design information required to manufaetand construct the mject completed; (g) Manufacturing, construction and commissioning

completed.
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Post - Construction: II

Post - Construction: |

DT 17

= Frc_-]ect

‘
v \ I
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................................................................

(h) 0]

Figure 2.4: (h) Building handover; aftercare initiated and building contract concluded; (i) Project data fortedrmppigectsdeveloped can be
archived. In the future, the archived project data could potentially be licensed to public institutions (museums, gatereswell as for
research purposes and it can be utilized for commercial purposes.
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2.1a Architectue

Architectural Service

Architects are involved with projects from a start point and their responsibilities cover the entire
project life cycle. This might include preparing a project brief with clients and determining a design
plan considering culturagnvironment, contractuaand law, building regulation and financial aspects.
The design process mostly involves 3D software programmes such as CAD drawing tools and Building
LYF2NXNIGA2Yy a2RStfftAy3 6. La0 RSLISY RehitcAwilkcghsu I OK LIN
with clients, contractors, engineers and other key members included in the contract to make sure the
project input from each discipline is incorporated in a right order and matter. Their design requires
modifications throughout the mject life cycle as therpject progresses and to be aligned with the
project evolution.
I O0O2NRAY3 (2 w58SaArAayAy3a .dAfRAYyIaA 2A1A HAHABI | N
Helping the client prepare a strategic brief.
Carrying out feasibilitgtudies and options appisals.

Advising on the need to appoint other professionals to the consultant team, or independent
client advisers, specialist designers, specialist contractors and so on.

Advising on the procurement route.

Contributing to the prepration of aproject brief.

Preparing the concept design.

Preparing the detailed design.

Preparing planning applications.

Preparing applications for building regulations approval and other statutory approvals.

Preparing production information.

Preparing teder documenation.

Contributing to the assessment of tenders.

Reviewing designs prepared by others.

Acting as contract administrator.

Inspecting the works.

Advising on the rectification of defects.

Providing post occupancy 'soft landings' services.
Outsick the immediate context of professional tasks and appointments, the architect must also act to
promote his/her role in the commercial and cultural context. The outcomes of project work are used
for building the architectural portfolio and establishirthe company brand, and used in academic
architectural and cultural discourse. In addition to meeting legal/professional rdaeding
requirements, records are maintained for internal and aforementioned external purposes. Project
data is archived and inonst y i dzaS NBIAF NRf Saa 2F GKS LINR2SO0Qa
F NOKAGSOGdzNT £ LINF OGAOSQAa RS&aA3IYy € Fy3dzZ IS A& 0dzAf
has to the history of its own production, and access to the raw data aggenele

The skills required to run a job might include below:
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Creativity: ability to visualise their ideas usingltimedia tools including hand sketches, digital
sketch, 3Dmodelling

Research: architects are required to research materials and relevant dultndaeconomic
subjects in order to formulate and present their concept. Reference images, concept, and
material boards are often produced.

Visualisation: ability to construct pgpectives and produce conceptual drawings or photo
realistic drawings usinguultimedia tools

Verbal Communication: ability to describe ideas to clients and colleagues

Presentation: presenting ideas to clients

Active Listening: understanding what others aharing

Problem Solving: identifying problems and proposing ways to nmeatiem

Critical Thinking: evaluating the possible outcomes before choosing the most beneficial solution
Below is an office structure and list of positions in a typical UK arthiitd@ractice. To be qualified

as an architect, the candidates require 3tgaof education organised by the Royal Institute of British
Architects (RIBA), and registration with the Architects Registration Board (ARB).

Z a o~ 4 Y RS S S N G e

¢KS GSNYXY 4! NOKAGEKSUGEND K Sertifid( & thaiABcBiteads d\ct states that
person kall not practise or carrgn business under any name style or title containing the word

G! NOKAGSOGE dzyt Sda KS A JARB, Alcltéets Registati@aaids, B0$TE R dzy R
Positions in a typical UK architectural practidegigning Buildings Wiki, 2020

Architectural Assistar(training architects)

ArchitecturalTechnician (specialising in the application of technology in architecture)
ArchitecturalTechnologist (leading the technological design of the buildings)

Newly Qualified Architect

Project Architect (running a job with occasional guidance from a director)

Associate Directors (responsibilities for overseeing several project architects)

Directors and Senior Directors (oversee associate directors. Spending time with new clients and
overseeing the management of the practice)

Principal (Head of the office)
Parter (Owner of the practice)

Before the work is undertaken, a written agreement, namedCastractual Setup and Agreement,
must be signed between architects and clients as well as with other appointed members of the project.

The contracting parties.

The sope of the work.

The legal system in which the contract is being signed.
The fee or methd of calculating it.

Who will be responsible for what; also pertaining to the role of the architect inside the design
team and during execution.

Any constraints or limitations on the responsibilities of the parties.
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The provisions for suspension or termiion of the agreementincluding any legal rights of
cancellation.

Confirmation of adequate and appropriate insurance cover.

The existence of any Alternative Dispute Resolution schemes that the contract is subject to and
how they might be accessed.

Detaii 2 ¥ ( KS orhphidts! andl Sobflictiandlir® procedure.

Confirmation that the architect is registered with the Architects Registration Board and that
they are subject to the code.

s A = oA

TheW! NOKAGSOGAa / 2RSY {{illyRINEKAQ 2 t S8P5RE APYDKEN &
which are summarised below (Architects Registration Boards 2017):

I NOKAGSOGlQa hoftAIrdAz2yY

The architect has a duty of care:

To exercise reasonable skill, care and diligence in accordance with the normal standheds of
architectsprofession in performing the services and dischargingattohitectsobligations.

Provide adequate professional, financial and technical resources.
Aduty of care as defined in the relevant legal system.

A duty to inform:

The client about ppgress and any issues that may affect the brief, construction cost,
programme or quality.

The client of the need to appoint others to perform work in connectiomilie project.
Collaboration:
To collaborate with others named in project data or who's@ppment is foreseeable and to
integrate information into their work.
According to [ARB 2017], the authority of architects is below.
I NODKAGSOGQa ! dzikK2NRGRY
Toact on behalf of clients in matters set out in agreement.

To seek client approval to amend thesign, terminate others employment or enter the client
into contract with others.

Standard forms of appointment

In the United Kingdom there are a range of stardiforms of appointment available:
RIBA Standard Agreement 201018 A) ¢ Architect.
RIBA Gncise Agreement Q0 A) ¢ Architect.

RIBA Domestic Project Agreement {ID- A) ¢ Architect (when using intermediate or minor
building contracts on domestjwrojects).

RIBA SullConsultant Agreement (S00) ¢ where one consultant appoints another to
perform part of their services.

RIBA Letter contract (domestic or commercial versgioy small works.
ACA SFA 2012: ACA Standard Form of Agreement for théen&ppot of an Architect.
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The CIC Consultant's Contract.

If a bespoke agreement is used:
This isa matter of professional principle, commercial judgment and negotiation.
Legal advice should be sought and the architect's insurers consulted.
It is important b check there is only a 'duty of care' provision and not 'fithess for purpose'.

It is importantto check clauses relating to warranties, payment provisions, copyright,
termination and disputes.

The Housing Grants, Construction and Regeneration Act 1986t(Qction Act) will still apply
as long as the client is not a consumer client.

It should covethe same terms as the RIBA appointment to satisfy the RIBA code of conduct.

CKS FNOKAGSOGQa Ay@2t dSYSyd Ay + LINR2SOG AyAGAl G
and settles a contractual agreement setup. As the project moves forwdelsrchitect develops the

design while guiding the selection, optimisatiomdaeconomisation processes, while controlling the

realisation of the solution with other appointed project members. Within the scope, multimedia tools

are applied to rationalisedesign concepts and consider the balance between aesthetics and
functionality. Soft skills such as communication and presentation abilities are vital to manage the

project coherently. Abilities to use software tools are also a strong advantage to ru@daari SO Qa 272
more efficiently and accurately. Technology has influenced ¢ RA GA 2yl £ | NOKAGSO
greatly.

Design Reviews

Internal design reviews include the project director, project architect, and architectural assistants with
occasional gidance from principals. Design reviews can happen in a meeting room witlsa@dan,

Fd RSaAAIYSNEQ RS&1 2N gAGK F !'mk!n LINAYGSR R2O0dz
communications are the core driver of the discussion, and meeting nsncae be recorded during

the reviews.

Management

External project managersya 6 S | LIL2AY ISR o6& GKS OftASyld RSLISYF
setup. These external managers are not part of the architectural practice, but they are an external
consultang service. Internally, the project is managed by the project director, byystgdhe needs

of a project based on complexity and forecasting the amount of people needed for each design stage,

as well as the necessary skilits required thereby assembtig a core team to work on the project.

Diagrammatic Drawings

Diagrammatic Dawings are often used in the concept design stage, to represent architectural plans
and sections without detailed information. These drawings are presented to clients in arseay

of design development and these are also helpful to communicate wigineers to discuss structural
systems and coordination. Some diagrammatic drawings developed for the project may be later used
to communicate key architectural ideas and conceptthe public.

Presentation
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Digital or hard copy documents are presentedthe client as part of the contractual obligation.
Presentation documents include project briefs and these are a compilation of selected design
processes. These might includeltatal research, area study, programs and circulation diagrams,

massing studydiagrammatic drawings, structure and construction system, environmental analysis

and photorealistic images. Material boards are often produced by interior designers. The dotaime

FNBE dzadzr ffe& LINSASYGISR o6& GKS tionedOle pesertsB Ol 2 NJ
remotely using video conference tools.

Drawing Submissions

This is a general service that is part of the finalised production for a deliverable, sutnhigtted to

the client. These submissions are done periodically and regularly, coinciding with partial deliverables,
Quality Assurance (QA) checks, and as partthef final deliverable agreementSpecialised
Submissions, such as Planning Application sugsion and approvalinvolve assisting the client to
ddz0 YA G R20dzySyidl GAzy G2 GKS adl Gddzi2aNeE 201t I dzi
obligationto submit information to a third party on behalf of, or in service to, the client

3D sketh / Spatial Organization

3D modelling tools are used to sketch study spatial organisation and building forms. In the ZHA office,
3D computer graphic software &ften used to sketch building forms and the result is brought to
computer aided design (CADapplication software for rationalisation of the design. Volume
calculations and simulations are also practiced along with the design and rationalisation process.
Selected 3D models become a source of 2D line drawings including plans, sections, elevations
perspectives, as well as the source of phaalistic and clay mode renderings.

Visualisation

Visualisation can be conceptual drawings, phmalistic images owirtual reality experiences.
Visualisation helps all disciplines to understand the ovkyaK of the project this includes programs,
scales, materiality, structural espouse, facade design etc.

Current use of VR

Virtual Reality technology allows alkdiplines to evaluate the project immersively for both internal
and external reviews. Depding on the project budget, scale and presentation locations, 360 still
images with standalone headsets or rtiate image sequence with headsets plus trackingesyisare

used to review contents. For external reviews and client presentations, Projectdd&é@vel with
hardware or prepare a setup and invite them to experience the content. For internal use, Project
Directors and Project Architects review the corttdn make decisions on versions and also to
understand the scale of the proposed design.

Qurrent Communication Means used in Architecture

In Figure 2.5, the communication means that are employed when developing an architectural design
are listed. The hozontal axis represents the phase where each mean is used and the ordinate axis
representsthe immersiveness level of each mean starting from simple hand sketches and ending on
photorealistic and immersive representations such as Unreal and Twinmotion.
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2.1b Structural Engineering

The role of the structural engineer is a key component in the construction process. Partvatidre
discipline of civil engineering, structural engineering is concerned with the design and physical
integrity of buitlings and other large structures, like tunnels and bridges. Structural engineers have a
wide range of responsibilitiesnot least a dty to ensure the safety and durability of the project on
which they are working. Unlike architects, who must focus orejyggearance, shape, size and use of
the building, structural engineers must solve technical problernsd help the architect achievdsh

or her vision for the project. Structural engineers work in offices and on construction sitevay

split their time between both contexts. Locations can be varied, including work in metropolitan and
rural environments. Depending on the size of thejpct, structural engineers may also be required

to work long hours in teams consisting of professional, skilled aathsskilled workers.

Structural engineers must have a strong grasp of physics, tireensional conceptual skills and
creative problemsolving. Outside of an ability to apply principles of mechanics, mathematics and
physics to construct safe, sustainalbleildings, the roles and responsibilities of structural engineers
include [New Civil Engineer Careers]:

1.Design:Many structural engines deal primarily in the design of structuresalculating the
loads and stresses the construction will have to safédlgstand. Structural engineers should
be able to factor in the different qualities and strengths delivered by a range of building
materals, and understand how to incorporate support beams, columns and foundations.

2.Investigation:Before work can begin, sictural engineers are involved in the investigation and
survey of build sites to determine the suitability of the earth for the requieats of the
upcoming project.

3.Communication:Structural engineers will be required to-codinate and consult with other
members of their projects, including engineers, environmental scientists, architects and
landscape architects. They may also be rezfliito assist government bodies in their own
inspections relating to the project.

4.Management:Structural engineers are @h responsible for the organisation and delivery of
materials and equipment for the needs of the construction project. The supervisidn
management of orsite labour may also be a necessity.

AKT Il Service and Responsibiliti&s AKT Il in our typicalvolvement during a project, we undertake

I NBOASS 2F G(KS OtASydQa NBIdANBYSyda rladulazzy |
understanding of the project. Once the client brief has been established, the concept design stage
commences togther with a detailed desk study assessment of the site. In parallel with this we
examine different forms of structure and types of ctyastion with the architect, cost consultant and
other members of the client and design teams. To ensure the corregti@olis adopted, option
studies are undertaken which take into consideration value, design, programme quality, adaptability,
buildabilty and health and safety issues. As a practice we believe the most successful way of
developing designs during the eashages is through design workshops. On completion of the concept
design stage the scheme design stage is then progressed; the goaj this stage is to develop the
design and determine the best holistic approach and the main structural zones, prawigingation

to establish a detailed cost plan. Prior to the end of this stage we aim to arrange a value engineering
session involvinghe client, potential contractors and all members of the design team to ensure that
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the appropriate form of constructiohas been adopted; at this stage a comprehensive risk assessment
is also carried out. A detailed design report is then prepared, desgrthie form of structure for all

the main elements, and the criteria to which the detailed design will be carried othefend of the
scheme desigistage,we continue to work with other team members to prepare detailed design
programmes, which serve tdentify all the main activities and interfaces with other parts of the team.
These programmes are supported by inforroatiand required schedules, mutually agreed by all
members of the team which list the dates for supply of critical information. The corcemeent of
detailed design sees the mobilisation of our full structural team to complete the design calculations,
structural General Arrangement drawings and a subsequent review. The detailed coordination of the
project information is completed through digs discussions, development of drawings and the
checking of designs produced by other disciplines. For each projeceedD is nominated as the
senior member of, responsible for design throughout the agreed programme. In addition to the review
undertalen by the project team, a Director not involved in the scheme on aaaay basis will also
undertake an independentulit at critical points throughout the design process.

The positions in a typical UK structural consultancy practice are
Board of Directors

Structural and Civil: Design Director, Technical director, Management Director, Associate
Director/AssociatesSenior Engineers, Design Engineers, CAD/BIM Managers, CAD/BIM Technicians

Administration: Office manager, Accounts/finance ldgMarketing Lead
Legal:Commercial assistance,

IT:IT Lead, IT Technicians

IMS: Quality Management

Contractual Setup and Agreeme

Description/Discussion

Design Reviewdnternal design reviews include project technical and design director, senior engineer
and design engineers with occasional guidelines from principals. Design reviews can happen in a
meeting room with a T\écreen withan A1/AO printed document, projected|B models and or
physical models. Meeting minutes are to be recorded during the reviews and hand sketches and verbal
communications are the core driver of the discussion.

Diagrammatic DrawingsDiagrammatic Drawigs are used throughout the life of a projeespecially

in the initial stages to represent engineering plans and sections details and conceptual options
without detailed information. These drawings are presented to clients in an early stage of design
development and these are also helpful tonmmunicate with the rest of the design team to discuss
advancement in the design. A selection of thisaften attached as appendices in the design reports.

Presentation: Digital PowerPointor keynote) or hard @py documents are presented in front of
clients and design team representatives. Presentation documents include project briefs and these are
a compilation of selected design processes appropriate for the stage the project is in. These might
include location research, area of study, programs and wwttural typology diagrams, material
selection, diagrammatic drawings, structure and construction system, environmental analysis and
photo-realistic images. 3d Printed models are sometimes brought along. The dociisrere usually
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presented by the Project NB QG 2NJ 2NJ LINP2SOG | aa20A1GS GNI @St ¢
presented remotely using video conference tools.

Drawing Submissions

3D sketch / Structural simulation3D modelling tools are used to assdle architectural model
updates shared bthe architectural team. 2D3D computer graphic software is often used to sketch
structural options, and the results are brought to BIM application software for rationalisation of the
design. The analytical veosi of the BIM model is also exported intwet structural specific simulation
packages to assess feasibility of the options. Selected 3D models become a source of 2D line drawings
including plans, sections, elevations, perspectives, as well as the soupt®tofrealistic and clay

mode renderingsdr the purpose of presentations / reports.

BIM Approach

AKT utilises #mouse BIM Managers, who are employed from the outset of projects to liaise with the
client and other design team members to produce a jontjgct-specific BIM strategy document that
is in line with the Employers Information Requirements (EIR).

This strategy document is typically a BIM Execution Plan ([BEP]), that sets out the scope of the model,
0KS LINRPG202fa T2N PABNI ORI AGZ2DRTIKHEKE SR Ryld &R N
{dzYYIF NEQ 2dzif AyAy3d GKS LINAYyOALI f dzaSa 2F (GKS Y2
contractor and how the final model will be used by the client. AKT has been producing and
implementing BEPs for several years now, and theyismna consistent and mature application of BIM
across all projects.
For each project, the BEP describes in detail the following:
b BIM objectives and goals.
b Intended uses.
b Projectspecific Standards:
3 Exchage file formats
3 Selected Obiject Libraries.
b Setting Out:
3 Datum points
3 Coordinate systems
3 Geographical systems/ projections.
b Naming and Classification Conventions:
3 AKTII naming for elements, files, drawing numbers in line with [BS 1192].
3 Structuralelements assigned to a unified classification system [Uniclass 2015]
b AKTII Common Data Environment (CDE) Protocol:
3 Enables us to use the CDE to share models/docunssmtto assign the correct
status. This ensures each design discipline can controkiewinformation is used
and distributed.
b Model production and delivery table.
b BIM Level of Development specification and Responsibility Matrix:
3 Determines Level of Detail (LOD) applied across each of the RIBA Plan of Work 2020
Stages.
3 Applicableto Building Siteworks, Substructure, Superstructure, Services, Special
Construction &emolition.
3 For most projects we typically comply with LOD 200 during Stage 2 (Concept
Design), rising to LOD 300 in Stage 3 (Spatial Design), and LOD 300/400 in Stage 4
(Technical Design).
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b AKTIIl Audit Form:
3 Ensuring that the digital data produced is compliant witty ¢ Q& Ay GSNY It adt

AKTII is software platform neutral, howevaur preferred BIM authoring platform is a combination
of Revit and BIM 36(both by Aitodesk). To complemerthis, we have incorporated additional
software and extensions such as Navisworks, Dynamo, Solibri, Rhinoceros and Grasshopper, to ensure
that the finishal output be it a native 2D/3D file, IFC model, CObie drop or structural nvaitteh a
federated master mdel- meets the clients immediate needs and future requirements, such as facility
and asset management.

To ensure successful delivery of the BEP, we have a continual programme of training (linked to our
company IMS) for engineg and technicians at alluels. This training cover three main areas:

b Software

b Design

b Construction Knowledge

b Emerging technologies & Materials

Simulation: Structural, environmental and bioclimatic performance are assessed by using specialist
simuktion software packages thatre specific to local requirements, material or detail of design.
Typically to resolve structure, an overall FEM model is prepared to look into general issues of stability,
loading and behaviour. Detail elements are designsteimd in separate packagespppriate to the
material choice.

Visualisation: Visualisation can be conceptual drawings, phatalistic images/videos or virtual
reality experiences. Visualisation helps all disciplines to understand the overall look pifdjiect-

this includes prgrams, scales, materiality, structural performance, facade design etc. It often involves
post production software that allows to remove imperfections/ highlight specific elements. It is often
used as part of the design proceasd has a profound impact the marketing as well.

VR: Virtual Reality technology allows all disciplines to evaluate the project immersively for both
internal and external reviews. Depending on the project budget, scale and presentation locations, 360
still images witrstandalone headsets or retime image sequence with headsets plus tracking system

are used to review contents. For external reviews and client presentations, Project Directors travel
with the hardware or prepare a setup and invite themedxperience the antent. For internal use,
Project Directors and Project associates review the content to make decisions on versions and also to
understand the scale of the proposed design. Occasionally we have also used VR in a live project, to
allow the main designer tgrovide feedback on several different options of a design, including VR
markup.

Current Communication Means used in Structural Engineering

In Figure 2.6, the communication means that are employed when developing an Structural
Engineemg desig are listed. The horizontal axis represents the phase where each mean is used and
the ordinate axis represents the immersiveness level of each mean starting from simple hand made
calculations, continuing with advanced simulation software such rassBopgr or Sofistik, and
ending on photorealistic and immersive representations such as Unreal Engine.
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Figure 2.6: Means of communication for Structural Engineering with respect to the project phase.
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2.1c Mechanical, Electrical and Public Healthgieering

Mechanical, Electrical, and Public Health engineering, abbreviated as MEP engineering, are three
disciplines closely interlinked together in construction projects due to their nature. The mechanical
discipline covers topics which include Heatwgrtilation AirConditioning (HVAC) and gas systems
where applicable in the development. The electrical discipline covers electrical power supply and
distribution through the
development. It also covers
lighting, fire detection,
emergency voice alarm
amongt many  other
aspects of the design. The
public health discipline
takes care of the water
system in the development
as well as all required
drainage. The MEP desig . 7~ sweco FIRe |8
can also include specialis EROUCE
aspects such as building
sustainability, Information
Technolog AudioVisual
solutions (ITAV), Vertical Transportation, Fire, and Building Automation Systems.

SWECO, as a consultancy, is able to offer consultancy services for the full range of Building Systems.
We have completed in excess of 5,000 projects in thehtsignificantly more worldwide and take
pride in our ability to work effectively with the entire project team.

MEP systems are an important part of building services and can have many different functions.
Typically designed by specialised consultants emdractors, MEP systems can present complex
challenges in terms of coordination and detailing. They must satisfy multiple objectives and criteria
for design, installation, commissioning, operation, and maintenance. Some of the challenges involved
include

- Satial coordination; avoiding hard and soft clashes.
- Multiple parts functioning effectively together as a single system.
- Complex installation, testing operation and maintenance procedures.

(https://www.designingbuildings.co.uk/wiki/Mechanical, electrical and plumbing MEP

The scope of systems provided include:

Air Conditioning Gaseous Fire Suppression Systqd Power Generation

Audio Visual Systems GasSuppies & Distribution Public Access

Automatic Controls Heating Plant & Equipment Public Health Installation
Building Management Syster| Hoists Refrigeration Plant

Car Park Services Information Technology Refuse Collection & Dispos
Cooling Plant &quipmaent Kitchen Services Solar Control Systems
Communication Systems Laboratory Services Sprinkler Installation
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Combined Heat & Power Pla| Lighting

Standby Generation

Control Systems Lighting Protection Thermal Distribution
DataTransmission Mechanical & ®ioke Ventilation | Turntables
Domestic Water Services Mechanical Gas Systems UPS
Electronic Security Natural Ventilation Utilities
Electrical Services Noise Evaluation & Control Water Treatment
Fire Detection & Alarm Pneumatic Tube Conveyancing | Vertical Transportation
Systems Systems
SWEC®uildings (MEP)
The Buildings team has 150 staff. This includes our N S -

engineers as well as our specialist departments

Structural, Fire, Security, Networks, Environmental a
Vertical Transportation. We also haw3 no. Chartered
[CIBSE] Engineers within our mainicaf Our main office
recently participated in a pilot scheme alongside tt
Building Research Establishment to become a BREL
Associate company [BREEAM)]. It required that 40 no. of
engineers partipated in training and awareness of wide
sustainabiliy knowledge that would be beneficial to client
and their business. These 40 engineers were then requi
to pass an online exam before Sweco could be awarded
Associate status. The chart below (Fi&y2.7) highlights the

organizational structure withirsweco buildings, and it should be inline with a similarly disciplined

organization in the UK.

|
[ ] 1
BUSIMESS UNIT 1 SPECIALISTS BUSINESS UNIT 2
Alexander Peter Bary Giovanni
Drysdals Hendar Marshall Festa
Business Unit Business Unit Business Unit Business Unit
Leod Lead Lead Lead
|
Environmental |
& Sustainability
Associates Associates Associates Associates Associates Associates Associates Associates
- - - - Fire - - - - -
Executive Exscutive Executive Executive Enginsering Executive Executive Executive Executive
Engineers Engineers Engineers Engineers Engineers Engineers Enginears Engineers
Project Project Project Project Project Project Project Project
Engineers Engineers Engineers Engineers Smart B Engineers Engineers Enginears Engineers
= = = = Buildings = = = =
Design Design Design Design Design Design Design Design
Engineers Engineers Engineers Engineers Engineers Engineers Engineers Engineers
Public Health Public Health Public Health Public Health Vertical - Public Health Public Health Public Health Public Health
Engineers Engineers Engineers Engineers Transportation Engineers Engineers Engineers Engineers

CA3IdzNBE HoTY {
The Design Approach
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The following diagram (Figure 2.8) demongtgathe disciplines applied during the development
design for MEP engineering. The chart shows that we see ourselves as integrated into a process that
involves many other designers and stakeholders, and that pygegiate the need to communicate
effectively with external parties at all stages of the process.

Project Start

Preparation and Brief

|

Stage 2

Concept Design

l _ Feedback l
Stage 2 23 Stage 3
Concept Design Otheér Consultants & Dewioo:;_-d Design
Review ¥ 430 Team Members

Chalienge

Stage 3
Issue

| l

Internal

3D /BIM 2
Soatn Mary Model Peer Review yonds
] am Mermdeor il e &Devgn (

Development

l ]
Stage 4
Technical Design
Production Information
Infrastructure Information . , Common Information

Stage 4

issue

StagesS-7

Figure 2.8: Workflow for MEP design.

Filename: PrismArch_D1gdf Page38



D1.1 Limitations of AEC software tools, VR user/functional requirements PrismArch 952002

RECONFIRMING THE BRIEF
As early as is practicable in the project, Sweco review the existing engineering servitesHhisie
document contains:
w ¢SOKY®AmdaheteRS & A 3
w hdzif AyS LINBLRZASR 02y OSLIi az2ftdziAzya
w t SNF2NXIyOS (I NBSGaA
w {2fdziA2ya o0laSR 2y GKS LINAYyOALX Sa 2F (GKS LJ
This brief would be regularly reviewed with the client / project managerdesign team as the project
progresses in ordeiot
w LYO2NLRNIGS G4KS fSFENYyAy3a yR tSaazya S| Ny
w wWSO2NR RSaAdy RS@St2LIVSy
w az2yAid2N OKFy3dSa Ay NBIdANBYSyY(a
w 5SY2YA0GNIGS GKS T OKAS@SYSyd 2F GKS /tASYydQ:
w 9Y KI y Ohiatidhbderfnéelz team members.
ENGINEERING STES
We regularly undertake engineering services studies during the briefing stage. We would expect to
further review:
w LYGSNFIFIOSa 6AGK AYTFTNI adNUHOGdzNE FyR RAAGNROI
t 26 SN f enkriydefrmands | Yy R
PLILX @Ay 3 f20esOF Nb2y GSOKy2f 23A
Ct SEABOATAGE YR ¥FdzidzNB LINR2TFA Y3
t NEBEFFONROFIGA2Y YR RS&aA3IYy F2NI YIydzFl OhG dzNR v
OYPANRYYSyYyilltf IyR SySNH& AaadzsSa
t F NG [ FylfeaAira Fa LINI 2F GKS odzAf RAy3IQa
w wS @firSsafety?efigineering and integration into MEesign.

€ € &€ € € ¢€

The results of ongoing studies are integrated into the engineering services brief. Further on in the
detailed design process, our team members will form dedicated design teams allocated to each
architect. Whilst each building will be servicedyba dedicated design team, there will be a level of
common information and resource, such as 3D CAD/BIM, that can be shared appropriately across
all buildings and basement design. This will assist us in a@glig an efficient service and focusing

on coordnation with the unique architecture of each building.

The diagram also demonstrates that we operate a robust quality system controlling and monitoring
our work. Comparyide checks are made that consist aternal peer design reviews (Technical
Monitoring Group, or TMG reviews), which are chaired by one of the other Directors. The TMG
process is part of our BS EN ISO 9001 quality system and provides an opportunity for a fresh review of
our work by senior mmbers of staff not involved with the project.

TMG reviews cover all aspects®VECQa 62 NJ Ay Of dzZRAy3I O2YLX Al yOS 4A
technical quality, safety, energy efficiency and cost. Constructive feedback to be an important aspect
of this system.

MANAGEMENT OF INTERFACES

There are anumber of interfaces between each scope for the engineering services and with the
greater design team.SWECQecommends developing a detaildguilding Services Research and
Information AssociationHSRIAktyle interface and responsibility matrix, espali in view of the
complexity of interfaces between building and infrastructure. It would be used to identify lead and
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support roles in relation to the input and coordination of the building MEP desidntiétrest of the
design team including:

wBuildng Research Establishment Environmental Assessment MeBRBEEAM] for retail

w {AGS 6ARS AYFNI A0GNHzOGdzZNE | yR dziAft AGASA OF LJ

w . lasySyid aLl O0S LI yyAy3

w ¢NFXFFAO YR f23A80GA0 LI I YyYSN&
wlLandscaping and public realm ventilation openings to spaces lyglmmd

w WEAYSFGSNI FGGSydzr A2y FyR adG2NI 3§

w {st#ddrainage

w WAASNI YR RA&AUGNAROGdzIAZY T 2yAy3

w [2¢6 YR TSNP OIFINb2y aeadsSvya o[ %/ 0 AyaGaSaNI G
(V]

05 Y2RSt Kk o0dZAf RAWI AYF2NXIGA2Y Y2RSttAy3
w [/ 2yaiNHOGA2Y LINPINIXYYS YR Oz2ail LXLFYy®
VALUE ENGINEERING

SWEC®® committed to value engineering and strives actively in conjunction with other members of

GKS 5SaAr3ay ¢SHYZ (2 | OKAS@S O2aid STFTSOUh @S az2f dz

propose reviews at several stages in design development.
PRODICTION INFORMATION

The Project Leader will be responsible for the management of the production information process.
Their duties include the preparation of drawings, document schedulescanebnitor progress

against programme dates. In conjunction wittetGroup Director, the Project Leader would allocate
the required resources to the project.

SWECQa 5SaAiday ! LIINRBIOKkaSiKz2R2f 238
Integrated Management System (IMS):

The IMS is maintained by dedicated team providing regular reviews to ensure that it rermain
effective in terms of current business activity and future objectives

SWECQa LydGdS3aNIYGSR alyl3aSySyd {eadaSy oLa{uv Aa OS
w L{h dnamYHnwmp

w L{h MnaamYHAwMp

w hi{"'"{ mMynamYHnnrt

QUALITY ASSURANCE

Each project has a Project Management Plan (PMRditails the specific IMS requirements for that

project. As part of these requirements, Technical Monitoring Group (TMG) reviews are held at key
stages of the project with senior membersstaff from other design groups who carry out a detailed
technicaNB @A S¢g 2F GKS LINRPLRalfta F2N 6KS LINRB2SOd®
AyOfdzZRAYy3d O2YLIX ALFLYyOS 6A0GK GKS [/ fASyiQa ONRST:
efficiency and cost.

ENVIRONMENTAL MANAGEMENT

SWECQHBEnvironmentaManagement System (EMS) operates within the IMS and provides a structure
for the management of our environmental impact in both our office and operational activities and our
design services.

Our environmental and sustainability policy statembh ensuresSWEC®lays its part in ensuring a
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better environment and a more equitable and secure future.
HEALTH AND SAFETY

A full-time health and safety team addresses the health and safety responsibilities of the company

and ensuring compliance and itementation ofii KS DNER dzLJQa L2t A O& o 91 OK
appointed Health and Safety Representative, a structure which ensures that a consistent approach to
health and safety is cascaded and applied.

A positive health and safety culture is embeddedall the workthat we undertake. All new staff
FGGSYR 020K | O2YLIl yeée IyR f20ltft AYyRdzOGA2Yy 6KSNB
KSIfGK FyR alF¥SGe AaadzSa INBE AYyiNRBRdAzZOSRO® ¢ KAa
approach tavards health ad safety is delivered to new starters in a consistent and timely manner.
CONSTRUCTION (DESIGN AND MANAGEMENT) REGULATIONS 2015

All engineers irSWECQinderstand their duties as Designers required under CDM 2015. We have
undertaken the roleof Principal [Bsigner where engineering is clearly the lead discipline for a project.
Regular updates for our staff are made through tHe&ning modules on th8WECntranet which
cover CDM, HSQE and other technical and commercial topics.

MEP- Tool relationship

Thefigure above showcases the tools that are commonly used by MEP consultants on typical
projects. It highlights on which design stages the tool is typically used and for how long its
usability would extend.

Project SpecifiManagement

A typical project wold have a designated project manager and a project director. All project related
matters would have to be reviewed and approved by both individuals.

Diagrammatic Drawings:

Diagrammatic drawings are usually used in the fofnmand sketches and mailps duing various

design stages. For instance, during the concept stage, these would be used to provide a basic
representation of the design intent to the client and the wider design team. On later stages, sketches
would typicallybe issued to pick up minor dgsi changes or updates or in response to raised requests
for information (RFIs).

Presentation

Digital presentations, generally using PowerPoint, would take place during various stages in order to
present design developmentptions, or stage issues. Thesegentations would typically take place

within a physical meeting. However, due to the current pandemic restrictions, video conference tools

have been used to conduct these presentations. These presentations would tyjickite the issue

report, appened by all drawings, and each discipline representative would present their design intent

to the client with room for questions when required. If the presentation is to show progress or provide

design options, then this ispjcally conducted by the lead gimeer demonstrating the pros and cons

2F SFOK FLIWNRIOK YR KAIKEAIKIAYI GKS O2yad#f Gl yi

Drawing Submissions

Depending on the type of the project, the deliverables of the M&gmtare submitted via an agreed
platform. In many cases, and especially during the early stages of the design, packages tend to be
issued via emails. However, on many instances, specialised platforms, such as Asite and Aconex, are
brought onboard for drawigs submissions, reviews, andpagvals. These platforms also allow the
facility to raise issues/RFls and other means of communications.

3D sketch / Spatial Organization
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3D modelling tools are used to assess 3D model updates shared by the wider degigT heme
participants would incide the architectural and the structural teams as well as all disciplines within
the MEP team should the project be large enough to require such a split. 3D sketches are typically
done using sketching software when requirgdtbwever, it is more common to odel the design
directly onto the BIM software and progress the design as the project develops. This also facilitates
the frequent model exchange between the design teams that shows progress, aids coordination and
allows ealy identification of potential dsign risks or conflicts such as clashes. The implemented 3D
models also become a source for 2D line drawings including plans, sections, elevations, perspectives,
as well as the source of phetealistic renderings for theyrpose of presentations / repostif required

by the project.

Simulations

As part of the MEP design exercise, various specialist simulation software are used to validate and
assess the design intent. Being the multidisciplinary field that it is, thesea&®ftform an important

role in the design workflow. For instance, electrical engineers would use software to assess the
electrical distribution within a development as well as the lighting requirements in line with the
relevant standards. Alternatively, itain internally developed toolsan be used to supplement and
validate the intended design especially when no reliable specialist tools are available in the market for
such specific needs.

Visualisation

Visualisation can be conceptual drawings, phmalistic images or virtual realitgxperiences.
Visualisation helps all disciplines to understand the overall look of the prdjgstincludes programs,
scales, materiality, structural espouse, facade design etc. Visualisation also plays an important role
during the design development &b allows adequate special coordination and appreciation of
requirements by each discipline and various design teams. The level of detail provided for the
visualization exercise would depend on the nature of the projecttaeddesign stage which this is
implemented on.

VR

Virtual Reality technology allows all disciplines to evaluate the project immersively for both internal
and external reviews. Depending on the project budget, scale and presentation locations, 360 still
images with standalone headsetsreaktime image sequence with headsets plus tracking system are
used to review contents. Depending on the project needs, VR can be used to provide a realistic
visualization. This can be in order to advertise the end probtadt a flat or an office. Itan also be

used to investigate specific design elements such as MEP cupboards and ensure that the end product
is satisfactory to the client as well as the wider design team.

Current Communication Means used in MEP Enginegrin

In Figure 2.6, the communitan means that are employed when developing an MEP design are listed.
The horizontal axis represents the phase where each mean is used and the ordinate axis represents
the immersiveness level of each mean starting friira 3D model, continuing with advaed BIM
software such as Revit, and ending on immersive representations such as IES Virtual Environment.

2.1d Architectural project life cycle

Finally, the software with respect to disciplines are depicted infdHewing Figure 2.10.
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2.2 Market Analysis: Existing Immersive AEC & Collaboration Tools

In the previous section, we explored responsibilitiesljigations and authorships of each discipline

from the AEC industnpepending on project briefs, their design challenges and motivations, not all
architectural project incidents would match the way currently BIM functions as each discipline resides

in their own project cycle with their preferred tool kits and resourceactE software company

LINE JARSE GKSANI 20y FdzyOlAaz2ylfAde FyR GKS o0dzaAiySa
products and platforms. Although there are software applicationsy@tems such as Omniverse to

attempt to change this current infrésicture by creating a cloud base system with universal data
transitions, the technology is still in the progress of development. In other words, there is no singular

space available yet #t allows all disciplines to work together coherently.

With the introduction of immersive virtual reality and networked collaboration solutions, it is now
possible to view content immersively and photeealistically, however, there is no such tool
availade in the market that allows to blend these disciplinary unique pgectives into one and

that helps to dynamically and organically link project data across project phases as well as
disciplines.

This section looks into the existing market availabldgdo highlight currently available features and
the use of them.

Examples of the existing market available AEC collaboration tools are analyzed in the following
sections. In 2.2.a Project Delivery Tools, an analysis of three important tools are anabmedy

Revit + BIM 360, Fuzor and Vrex (or the Wild). In 2.2.behsine Design Tools, we are describing
[Arkid], [Gravity Sketchhand MindesH. Finally, in Section 2.2.c Visualisationl§ (Material updates,
reaktime environment update, simulations) are described such as TwinMotion for achieving
photorealism of Architectural elements in UnidawinMotion], and NVidia Omiverse Dmniversé
(Universal data unit for selected applications)

2.2.a Project Delery Tools

Revit with BIM 360

Revit with BIM 360 is a suite of cloud badeudilding
design ad construction management applications the
connect data to BIM based workflow. As regards t
categorization of software with respect to Figure 2:-1C knmorshe
Categorization of Software, REVIT and BIM360

allocated across a great span of tirae context andtiis

in the middle with respect to visualization capabilities .
it is not an immersive environment (Figure 2.11).

The suite includes software designed for documentation,

quality and safety control, project management, Figure 2.11: BIM360 and Revit is
coordination and costructability, deign collaboration |5cated at the middle project pse,

and facilities management (Figure 2.4BIM and Revit pgiow the immersive curve

images). Revit and BIM 360 are design and construction

software that are designed to coordinate architectural

data. In order to review BIM models developed with iRé@&wide VR withts full potential of the
technology, external software applications are requifBevii, [BIM 36(. The pros and cons of REVIT
and BIM®O0 are overlaid ithe following lines.

Pros: 2D from/3D translation with dynamic modification; Single database; Project unique and
customisable data families; Preset asset library with parametric components; Analytical tools such as
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area, energy, structad and solar, 10€igital workflow minimises number of drawings, and Cloud base
file management system.

Conaporauon
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Figure 2.12: BIM360 and REVIT Images fhips://www.autodesk.com/bim360/

Cons:Data families need to be cardly designed in an early stage of the project development; The
system does not include the architectural data from the concept stage if the building is modelled
outside the software; Users requires training and specific kadgdto fully be able to imgment the
software system to architectural projects; External applications are required (or recommended) to
explore the full use of VR technology.

o

O\ ATODESK

Fuzor VR

Fuzor is a virtual design and construction software and
it offers asuite of analysis and coorditian tools to
manage the construction phase of architectural proje
development. It is located towards the midedad of
the project and it is spanning below and above tt O S —
immersiveness line as regards (Figure 2.13). ~ &
software can load and combine @ 3D asset data, l |
point cloud data and project time schedules and ci
run 4D and 5D simulations (Figure 2-Fuzor images).
Users can create construction trailing materials that ¢
be immersively visited by field workersUzoi.

Figure 2.13: Fuzor is located toward:
the middleend phase and it spans
also above the immersiveness line

e -

Figure 2.14 Fuzor images: A multipurpose tool combining BIM and VR elements.

Its Pros arelevelopment centered functionality design (for engineetisiie and budget management;
resource planningglash analysispre-set construction asset librariespbject annotation system;
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Training; Multi presence VR with pset functionalitiessuch teleport, scaling and commenting. Its
Cons areUser interface design is not intuitive; and the software target is at the constructiotaterd
stage of the project life cycle.

VREX

VREX is a virtual design and construction collaboration platfc
[VREKIocated well above the immersiveness line (Figure 2.1
The software application managesltmad a large BIMI& and - Immersive
all project members and stakeholders can meet inside t
loaded model. The platform offers preset functionalitie
including teleporting, pointing, selecting objects an
commenting on assets by creating and sending Build
Colldoration Format (BCRp the original BIM model (Figure

2.16). Figure 2.15: VREX is most ¢
immersive software used in
he middle phase of the

Its pros are User friendliness; Virtual meeting room setup for dl )
members including stakeholders; Communication centere@"0J€Ct.

functionality design (for designers and engineers); and Voice to

text capabilities. Its camare basic functionality but not including architectural incidents from an early
stage of the project development.

Vrex used in key phases

.’, Delailed design

& Concept Engineering

.’ Evaluation

£ Prefabrication

‘ "ConMCﬁon
Figure 2.16: VREX collaboration software.Images fiomps://www.vrex.no/

2.2.bImmersive Design Tools

Arkio

Arkiois a virtual design and collaboration platform that
made for architectsArkiq]. It is a software mainly for the
first design phases of a project (Figure 2.17) Thdqgriat _ T
offers an original volumetric modellirengine which can
be run in reattime with VR headsets and supports Re
data input via their plugins. The software include
intuitive functions for VR environments such ¢
volumetric studies, scaling 3D modet®mmenting on
updates and measurementstsidesign and mukHuser
capabilities can be seen in Figure 2.18. Its pros argrigure 2.17: Aktio is an imersive
Intuitive Ul and platform design and Discipline specifigoftware for the first phases of a
function designs. Its cons are that it only covers an earlproject

stage of the prgect development and the software might

not be helpful to other disciplines but architects.
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Figure 2.18: Aktio virtual reality interfaces.Images fromps://www.arkio.is/

Gravity Sketch

Gravity Sketch is adesign and collaboration
platform with a realtime sketching tool Gravity
Sketchj. It is located well above the immersivenes
line and it targets fothe early stages of the projec
(Figure 2.19). The plarm works across different | Immersive
types of devices including ipads to hand sket
designs (2D drawings output) and VR headsets
immersively sketch and refine the designs inside t
virtual reality envirmment. It also functions as ¢
collaboration platform to eview the designs.
(Figure 2.20). Its pros are that the platform works
with multiple types of devices, it has intuitive Figure 2.19: Graphivity Sketch is a

transitions from 2D hand sketches to 3D models; pure immersive software fathe first

and designers can immersivelkesch and refine  stages of the project.

early stage options quickly. Its conssahat the

Y2RSfa YAIKG 101 FOOdz2N)» O FyR GKS 2dziLlzi 62y Qi
technical and it only covers an early stage of the project development and the software might not be
helpful to other disciplines but aniects.

Figure 2.20: Gravity Sketch. Images fromps://www.gravitysketch.com/

Mindesk

Mindeskis a virtual design and collaboration platform. The platform offers live links to CAD software
and its associated plugins (Rhino 3D, grasshopper) andha gagine (Unreal Engine 4). Updated
CAD data can be reviewed by both the designers and clients dimtedy and immersive with photo
realistic resolutionsNlindesH. Its pros is the exploitation of Unreal Live liekhnology that allows all
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project members including stakeholders to share and review project @sdaith high visual qualities;

User interface functions are synced with the exiting 3D modelling platform (Rhino3D) and users do
not need to learn new comnmals or Ul; and CAD data can be accurately measured and changed inside
the VR environment. Its congeathat does not
cover an early stage of the project developmer"
where geometry sketching might happen on a-le
screen first; and all metadata capabilitis
controlled entirely through Rhino and its plugins

N

Figure 2.21 Mindesk spans across the
immersiveness line for the stamniddle
of the project.

Figure 2.22: Mindesk software usage. Images credit: Zaha Hadid Architects

2.2.c Visualisation Tools

Twinmotion is a redime immersive 3D
architectural visualization toolTwinmotior]
(Figure 2.23, Figure 2.24). The platfor
supports transforming BIM or CAD models to
reakHtime experience. The application can b
used as interior and exterior reviewing tools t
applying materialsfor both internal and
external presentations, and allows
customise the environment design. Thi
includes changing in the sun direction, addir
vegetation and people as well as simulatir
the weather. Its pros are the preset VR
functions; the preset at libraries; and the Figure 2.23 Twinmotionis a software for

Live link technology to the Unreal Engine thatimproving immersive visualizations in the midd|
allows all project members including phase of the project.

stakeholders to share and review project

updates with high visual qualities. Its care

— | Immersh.-'ﬁ
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that it needs to package as an app befoegiewing the congnt; not including project information for
branding and presentation purposes; single player VR mode; and asset libraries are only accessible
within the software package.

o

A3

= kAU .,

‘ "'IJ

Figure 2.24: Twinmotion software. Images frdrtips://www.unrealengine.com/erJS/twinmotion

Omniverse Nucleus

Omniverse is a multPU and redime live collaboration
tool between 3D applications and user®mniversg
(Figure 2.25, Figure 2.26). The platform offers mic
services ad acts as a hub for multiple 3D application :
used in the Entertainment and AEC Industries such . immersie
Maya, 3DSMax, Rhino3D, Revit and Unreal Engine 4. - - 5
software works with the reatime ray tracing technology
that allows users to review the content with atstic
lighting simulations. The software offers a private clov.
for 3D content, coordinates the assets developed ...

multiple applicationsand feeds them into asingular

platform. Any changes made inside the individuaFigure 2.25: Omniverse is located
application will be reflected to singular scene inside the below the immersiveness line and it
platform that can be reviewed by all project members incan be used both in the initial and

reaktime. Its pros are that the assets developed withfinal phases of theroject

multiple applications cabe reviewed in a singular space

in reattime; editor user Interface can be customised;

userscan create their own applications using the assets inside the singular space; atichecedy
tracing technology allows users to review their contents with higlnal quality from an early stage

of the design. Its cons are that the platform does notpgup VR; high spec graphics cards and good
memory storage are required; it is not user friendly; and requires programming skills to fully use and
adapt to the oféred system
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Figure 2.26Photorealistic visualisation of LeeSDHO Beijing, designed by Zaha Hadid Architects,
visualisation developed using NVIBDAniverse collaborating with NVIDIWnage from
https://www.aecmay.com/technologymainmenu35/1985nvidiaopensup-omniverseto-aec

2.3 Discussion

Most of the current market available BIM based project delivery tools offer to translate 3D models
from/to 2D. BIM applications allow users to load large data and enable tlteconverge multiple
geometry inputs collected from different disciplines. It provddareset and customisable asset and
code libraries that are dedicated to architectural sectors. phagect time and cost are managed
based on the 3D model updates. &xtal applications or plums help to expand the possibilities to

use the singular dabase such as to read and write geometry data and accessing its metadata. BCF is
often used for a communication standard format enabling architects and engineers to waicate

with each other using the same language. Yet, in most of the cases, resounagensent and
information registration still need to be executed manually because these are project specific, and the
project content or/and project team might require tmapt to the BIM system. The implication of BIM
also needs to be noted and approved & project members and BIM dedicated reports must be
submitted in addition to the drawing submissions.

Some architectural practices, including Zaha Hadid Architeetse their own workflow of project
development in the concept stages of project deyetent. These 3D models might be developed
outside of BIM software. In the case of use of the BIM technology, only the final and selected model
will appear in the BIM syasm. The production executed in the concept stage is generally excluded
from the existhg BIM ecosystem, hence the current available BIM tools do not cover the entire
architectural project life cycle. The user target of BIM rather focuses on its engigesspects and

mid to later stages of the project development.

On the other hand, immeive design tools offer more potential for designers to explore an early stage
of the project development. Some applications set their user target to architects anddigfgpline
specific functions including volumetric studies and area calculationsm@oimand markup tools
seem to be used by disciplines throughout all project phases and these are therefore commonly
included in most of the available AEC tools.

Design®B Q 62N] Ayd2ft gSa SELX 2NAYy3d RS&ATyYyloRthdnA 2y &as |
to achieve their aim fluidly and within the shortest time. The tools that are used in an early concept

stage vary and can be muitiedia, can be a hand sketatligital 2D/3D sketch or cardboard physical

models. Some of the available immersive mitidg tools allow designers to use multiple types of

devices including ipad, desktop, and VR, and 2D output can also be used as references inside the
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immersive VR enviroment. This helps architects not to dramatically change their existing workflow
or adap the design process. Yet these immersive modelling tools keep the production quite abstract,
devoid of meaningful metadata. Some also allow designers to feed in Bl stathat the platform

can be used as a refining tool. Other immersive modelling thals live links to the existing CAD
software and this enables reéime control and more accurate input. Additionally, Live link to Unreal
graphics engine allows allggect members including designers, engineers, and stakeholders to review
the content uplates photo realistically in rediime.

Immersive modelling tools tend to help designers more than engineers, however, the reviewing
aspects tend to help across disaigls across project stages. Currently available visualisation tools are
often focused ® output visual impact of architectural design and the user targets are across user
targets who are not familiar with graphics engines and architectural visualisatiseta@ materials,
lighting and environment. Some of these tools also offer to visuldigge simulation data which can

be used for presentation purposes and these might not be submitted aptethnicalreports.

With the latest technology introduceldy NVIDIA, multiple content developed by multiple users with
different CAD or CGAnimati applications can be reviewed and edited collaboratively in a single
platform with photo realistic look. The data is stored in a singular space similar to the Bévhsysit

the technology also saves created scenes with an universal format and designatse to produce

their work in the same platform as engineers. The technology is still under development and still
requires time to review the content inside the fflarm, however, it supports live link® game
engines so that the content can be rewied immersive by the connection.

/////

I NOKAGSOGAQ NBaLRyaAroAftAlGASAT 20t Adbelbpnenfa | YR
arenot included in the current aviaible BIM based project delivery tools.

There are discipline specific project delivéopls available in the market, however, it does not
cover the entire project life cycle, plus it appears to be aiselated application that does not
function with other disciplines' applications at the same time

There is an existing platform that comges multiple applications and sees the content within a
singular platform with the latest technology, however, project members require technical and
programming skill{these are not AEC industry standard skillset) in order to fully utilise the
platform

Immersive design tools can be used across project stages as a photorealistimeegiewer,
however, it does not cover mid to later stages of the project developmeut these cannot
manage database or resources

Users should have freedom to choose haadevspec and types (OpenXR) dhid also should
apply to discipline tools whether these production outputs are physical (hand sketches, physical
models) or digital (2ddigital sketches or 3D abstract sketches or detailed construction CAD
modelling)

PrismArch requires a singular space and the singular persistent database should cover the data
produced in all (or any) project stages. The database should be able to besaederead and/or
written from any stages and by all parties with the relevant accessdentials.
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The four (4) projects found in Table 3.1 were selected to undergo a study and be used as use cases in
PrismArch. The maireason for selection was the availability of the content for public dissemination
since manyother projects were hold under strict nesisclosure agreement (NDA) by the clients of

ZH, SWECO and AKT. Each discipline chooses two (2) projects (one fotiabaingithe other one

for commercial) to highlight discipline specific incidents that anenadly put behind the scenes (i.e.)

decision making process before information is shared with other disciplines and clients.

Table 3.1: The Architectural projeatader study.

Architectural Available Lead . .
No Project Type content Partner Al EE Ll
Private Rhino 3D 3.1.a Architecture:
1 [ Residential | Residential | model ZH Private Residential Project /
Villa Maya Model Zaha Hadid Architects
3.1.b Structure:
One Park Drive / AKT I
One Park . . . Sweco/
2 Drive Residential | Revit 2015 AKT 3.1.c MEP:
One P& Drive / Sweco
One _ _ _ 3.2.a Architecture:
3 Thousand ggi‘}?ﬁg;'ﬁ;{ E?é?gsg Sgﬁl’ ZH One Thousand Museum
Museum Zaha Hadid\rchitects
3.2.b Structure:
Bankside ards West Building 3
Bankside [ AKT Il
) . Sweco/
4 Yard_s West | Commercial | Revit 2019 AKT 3.2 c MEP:
Building 3
Bankside Yards WesBuilding 3
/ Sweco
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3.1.a CASE STUDY 1: Architecture: PritRdsidential Villa
\ .; S s .‘ B | ; » R

Figure 3.1.a.Aerial view of the Villa projeetphotorealistic render

Project Description:

This privateresidential project with a total site area @D,000 m#features a careful organization of
spaces which guarantee the level of privacy expected. The project was developed by a team of 12,
including Project Directors, Project Associate, Designers and iRbeesa The architects were givén
months to develop tle conceptdesign and submitted the final digital documentationJime 2020
followed by a client presentation.

Project Directors visited the site to communicate with the clients and to collect &ieriation (Hgure
3.1.a.9. The communication during theroduction was entirely executed in a remote work
environment. Video conferences and messaging services were the main collaboration tools within the
project team. Throughout the project developmenirtual reality technology was used as internal
evaluaton and external presentation tools. The 360 VR experiences were submitted as part of the
final submission. The application of the technology allowed the designers for unprecedented control
over the fhal result, guaranteeing maximum spatial impact.

Bespokedeatures were designed and developed to enhance specific aspects of the space for different
functions: fromrelaxing moments to vibrant parties and intimate family gatherings. All special
activitieshave dedicated zones which take specialized features agtount which are required to

give the best service onday-to-daybasis.

Lineal openings along the upper floor allow daylight to filter into the dressing rooms, while maintaining
strict privacy tathe road and entrance area below. From the road, théding appears as a singular,
sculptural shape sitting in the landscape.

The connection between inside and outside is preserved through generous glazing and sheltered
outdoor areas, and the interiomal exterior designs were merged into a singular scubdttorm. The
brushedstainlesssteelfacade highlights the sweeping architectural lines, while giving the building a
sleek and futuristic style. Light reflects and glitters on the facade, givingrimeegsion of stepping

into a sculpture which hovers abethe groundAspatial transition between climates and landscapes
with their accompanying sounds and smells is central to the balance between architecture and the
interaction of sun, winds, water, gland the ground.
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The hygiene aspect has been develogetlowing expert guidelines, using ultraviolet lamps for
disinfection, sekcleaning finishes, and spaces organized in such a way that the dedicated staff can
work in order not to contaminate the mabzd SNE Q aLJ OS&a @

Incidents:

This case study only covetstconcept stage of the entire architectural project cycle and there were

no significant correspondence actions delivered between the architects and other disciplines for this
specific example. Thisestion, therefore, can be seen as a showcase of purbitaectural design
development and service executed by an architectural design team. The process of producing design
options, evaluating and amending the options, and coordinating programmes andctiooslwill be

the main focus of the discussion in teection. The responsibilities of architects were also to form the
project-brief collaboratively with the clients and to propose the best possible solutions that match the
Oft ASy i aqQ (Nae8AaNdBAIIDYgH the contract between the architecsd the clients

was officially signed in May, the production team was on board from one month earlier than the date
in the duration of 2 weeks.

PROJECT INFORMATION ZHA
Architecture

Date: 2020/03/02 - 2020/05/26
Workstage:
Image Description:

2020/03/02:
Client issues official project information package,consisting of basic site information

2020/03/20:
A site visit* by senior staff from ZHA is scheduled immediately;
photography taken during site visit

*Site visit effectively kicks off ZHA mobilisation.

2020/03/26
Basic programmatic brief is received

2020/05/11:
Room Area Info is received months later
*Contract is not signed until May

Figure 3.1.a.2 Collection of site data and clienuisgments

Within the2-month design development perio®D site models were prepared to understand the site
landscape and to outline the initial design constraints to decide the building location in an open site,
identifying private, public, circulatiomd landscape areas. The site model was also used dsades
template for the master 3D model. The hand sketcliiggife 3.1.a.3 and photos taken by the project
director at the site was also used as a site analysis tool. Volume studies, spatial orgarasati
programmes drove the designers to brainstorm tbieculation concepts. Material, cultural and
aesthetic research was done spontaneously throughout the exercise by researchers corresponding to
GKS OfASyliaQ LINBFTSNBYyOSad edighds tdIN&a@s @rdhiteciugal ¥ K1 F
geometries. Each membeavorked individually using their own work environment (software, PC spec,
folder structure etc) to produce several massing options. The project team produced a total number
of 25 massing options, mlly starting from 10 options, and selecting one bimtdand one landscape
massing option followed by 3 sub selected building options. Daily bases reviews were organized
between the 3D modellers and the project directors
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TEAM - ONGOING DISCUSSION via Google Suites ZHA
Architecture

Date: 2020/05/25
Workstage:
Image Description:

Scanned hand sketches as a quick design communication tool:
Hand or digital sketches are used throughout the project development for a quick
feedback and brainstorming tool

Figure 3.1.a.3 Hand sketchesde by the project director

As each 3D designer has thewn preference in their work environment, the project team decided to

keep the reviewing format in different 3D modelling software consistent by setting the similar
geometry materials, view modesid render modes (i.e. artifacts, white clay). For a kuipdate, the

3D designers used screenshots and as the design has more resolutions, consistent render modes were
used within the team.

¢tKS RSaA3IYySNER 3PS dzyAljdzS yIrYE26T28] RO 2 LG ST
G/ dzoS .t SYRBEOKS &S SoENSE Yy I YHgure 8T FI2YNI (6K daodeAS R
G¢SOKYy2¢z a+SO0G2NRARE T HoUrR3.1dath/DesHriers usedxHede nanSs ifthey R& O |
file name with étes in their production folder (i.200515 Loops.mb, 200518 strands.mb). These

names were also commonly used in design reviews with the project director.

Figure 3.1.a.4 Massing options explored by 3D designers (internal review)

The selected geometryption was completed by stitching th&tNE S RS&aA Iy SNAR Q A y LJdzi |
compiled into one master 3D model file formdigure 3.1.a.B The project team added more

resolution to the 3D model by using it as a base of ititerior model Egure 3.1.a.}. Material

references made earlier weroften used to make decisions on interior and facade designs and
commun FHgure 3.1.8. The reviewed material outcome was documented and used as materials for
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