N on
E%’
~

= U

LN

|-‘

Title:

Authors:

Subjects:

Keywords:

Publication Date:

Original Publication:

Paper Type:

- CTBUH
LD Re S e a rC h P a p e r ctbuh.org/papers

The Design Process of Complex Architectural Fagades

Bert van de Linde, Technical Director, Permasteelisa Group

Marc Zobec, Group Technical Support and Design Manager, Permasteelisa
Group

Alan Tomasi, Project Manager, Permasteelisa Group

Christian Florian, Technologies Manager, Permasteelisa Group

Architectural/Design
Facade Design

Design Process
Energy Efficiency
Facade
Integrated Design

2012
CTBUH 2012 9th World Congress, Shanghai

Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

o0k wh =~

© Council on Tall Buildings and Urban Habitat / Bert van de Linde; Marc Zobec; Alan Tomasi; Christian

Florian


http://ctbuh.org/papers

The Design Process of Complex Architectural Facades
B RMEFINEWRITEAE

Bert van de Linde Alan Tomasi
| .
|

Christian Florian Marc Zobec

Bert van de Linde, Alan Tomasi & Christian Florian

Permasteelisa SpA
21-23 viale Enrico Mattei, Vittorio Veneto
Treviso, 31029, Italy

tel (#.1%): +39 0438 505 000, +39 0438 50 5207, +39
0438 50 5243

fax (f& 2): +39 0438 50 5125

email (% F # 44): b.vandelinde@permasteelisagroup.
com; a.tomasi@permasteelisagroup.com; cflorian@
permasteelisagroup.com
www.permasteelisagroup.com

Bert van de Linde is the Technical Director for the
Permasteelisa Group. He is responsible for a range
of technical disciplines including R&D, technical
knowledge transfer, training and education, design
and production technologies and processes.

Bert van de Linde#E WA #id £ b & B $H £ B A
B, AT EANAEALS XM T, BEFESH
&, HABRLZF, BIFHE, RitFLEHA
Alan Tomasi is a R&D Project Manager based in the
Permasteelisa Group’s R&D Department. His research
interests include curtain wall design and engineering
as well as composite materials and technologies.

Alan Tomasi A& 8% 8 1 F| b & H # & # 4 X T E &
B, AR B OERER TR IR, 5464

Christian Florian is the 3D technologies manager for

the Permasteelisa Group R&D Department. Christian’s
research interests include 3D design process software
applications.

Christian Florian ff 3% #7 i F| 7 & B #F % # 93D
BARGHE, B 585 I 5 3D T 34 B A o

Marc Zobec

Permasteelisa PTY Ltd.
13-15 Governor Macquarie Drive
Chipping Norton, NSW, 2170, Australia

tel (H,3%): +61 2 9755 1788

fax (f£ K): +612 9755 1418

email (& F # 44): marc.zobec@permasteelisagroup.
com

www.permasteelisagroup.com

Marc Zobec is the Permasteelisa Group Technical
Support and Design Manager. He leads the safety and
security research team. His current research interests
include blast, ballistics and fire enhanced facades.

Marc Zobec A 135 i 28 £ ) 4 Hl H A X B Fn ik it
B, iSRG ZLME s AN, BRH
FRAI 5, DR KRR,

Abstract

Facades form the identity and functionality of high-rise buildings. The “design process” for
complex bespoke architectural high rise facades is an abstract term that in reality is not a

single process but a simultaneous cross-disciplinary design processes. These include facade
integration with the building environmental systems, holistic system performance, decision
making tools and efficiency streamlining for production, procurement and installation. This
paper outlines various cross-disciplinary integrated design processes with a particular emphasis
on the need for specific customised design systems and tools that enable complex facade
forms to be economically and efficiently realised.

Keywords: Design Process, Integrated Design, Holistic Design, Efficiency Streamlining
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Rethinking The “Design Process”

“Design’, particularly as it relates to building
facades, is an abstract term often presumed
as a linear process. Unlike other systems
within the building which have distinct yet
relatively independent functions, the facade
must be designed to cope with numerous
building system requirements including
structural (building movements), thermal
(solar irradiation, heat transmission), weather
tightness (durability, water exclusion), comfort
(acoustics, glare), security (blast, intrusion) and
safety (fire, impact), whilst maintaining the
desired architectural aesthetic.

In reality, "design”is a series of distinct
concurrent multi-disciplinary processes that
includes:

« Facade whole-building environmental
system integration

« Holistic system performance
« Effective & reliable decision making

« Design Streamlining & Efficiency.

“BI R HRE
SRS ML SIS
M, B—AMBERKIE, BEREEA A
$BHHR, SHAND LT RGE
B AR R R, B
HRBEA S AR EERAHELEH (
RELH) , BT (KRGS, Rl
@), KEH HAK, BAR , #E
BB, BEOE) , Bk (R,
R FEe (K, FAE) %,
BE R R ARSI AR R,

FEE, W R—RFUREHTH S
$RER, A

: B ERARATARGHER
: R R G

- AHRTEHAK

- VA R R

REERCRATRERLE K
BOBRERENLEEEELREEER
ERFAERGITE R . BHER
GAFEFA AR P REFE (BZE, B
MAK, REBARMLE) Z 1\ RA Gk (
APE#iEs, fELGHE, BRE) WAL
TF. ERATERRVITF, BESE
REEH BB ABSHRENEE, FX

48



Facade Whole-Building Environmental System Integration

The need for reductions in carbon emissions has seen many revisions
in national building codes worldwide aimed at reducing energy.
Facade systems must be designed as dynamic elements providing
between comfort (glare, natural daylight transmission and radiant
surface effects) and energy (solar heat gains, thermal transmission,
leakage). In the design of building environmental systems, facade
performance is often modelled using steady state performance
properties. In reality, environmental conditions vary and the fagade will
invariably be dynamically regulated to achieve a balance of occupant
comfort and energy efficiency. In order to be able to achieve energy
reductions and improved comfort levels in buildings, the dynamic
performance advantages of facades need to be accurately modelled as
well as controlled and monitored with a high degree of confidence.

From an engineering viewpoint, the dynamic behaviour of the facade
can be achieved using an advanced control system that includes
blinds, HVAC, occupancy sensors and lighting.

A managerial constraint in achieving fagade whole-building
environmental system integration is primarily due to the time
schedule which the environmental system and facade are procured,
with the former usually carried out during the whole building design
engineering process whilst the fagade is usually procured at the
specialist sub-contractor stage when major building design has
been“‘completed”. The possibility to use the specialist engineering
experience of the facade contractor to integrate the facade and HVAC
system is often too late in the main construction programme.

Permasteelisa & SOMFY have developed a BMS system utilizing
software algorithms where blind controls have been integrated that
interact with HVAC controls that dynamically regulate the facade for
cooling demands, using the solar heat gains to condition the building
before switching on heating as well as to interact with lighting and
glare controls (see Figure 1).

Further optimisation is achieved using occupancy sensors. When the
room or office is not occupied, the glare protection or comfort level
has no priority setting so blinds can run in the energy mode.

After facade installation, either the facade contractor or blind
manufacturer is responsible for all electrical connections from and
to the fagcade. Thus a great deal of site work is required at generally
higher costs compared to factory installation. With this technology
it is possible to integrate blind controls into the facade. The major
advantage being that a majority of electrical connections and
programming is completed resulting in considerable time savings
and less on-site failures. This integration is undertaken during facade
production as well as testing and regulation of the blinds essentially
eliminating failures.

Holistic System Performance

The application of advanced materials, particularly composites, in
aerospace, automotive and defence industries is well established and
gradually being embraced as an architectural material in tall building
facades.Design standards relating to the use of innovative materials

in building facades are not well established. In order to correctly
design innovative materials into facades which have no standards for
application or track record, an alternate design process is required that
looks at a holistic system performance.

The standard design approach involves specialists in various
performance disciplines including design, structural, materials, building
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Figure 1. Schematic fagade BMS integration (Source: Permasteelisa Group, 2012)
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Figure 2. Representation of development flows with a convergent approach (top) and
with a holistic approach (bottom); the design solution is represented by the red circle
(Source: Permasteelisa Group, 2012)
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physics, acoustics, fire, finishing, production and site installation to
review and advise the needs of the system.

Referring to Figure 2, this design process is a convergent approach
with design impacts sequentially and continuously being reviewed,
gradually converging to a common solution. The major constraint

to this process is that it is not only time consuming but also stifles
innovative thinking since specialist knowledge is limited to one narrow
field and design contribution limited.

Holistic design involves understanding in a global performance
context, how the design decision based on one performance
parameter affects other system performances. A holistic design
approach requires people involved within the design process to have a
basic but broad multi-disciplinary (overlapping) knowledge rather than
a narrow in-depth highly specialised view.

The main comparison between the two approaches is that an “‘outside-
in" convergent design process involves the gradual education of
specialists to reach a design consensus, whereas an “inside-out” holistic
design process focuses on a concurrent design consensus to narrow
down design constraints saving considerable time.

A Holistic Design Approach

A comprehensive case study of how a holistic approach can quickly
solve complex designs is the TEC facade. The project (Permasteelisa
Group, Fiberline Composites and Arup) focused on the developments
of an innovative high performance fagcade system using pultruded
glass-fiber reinforced polymer (GFRP) profiles. Due to its low thermal
conductivity and high structural strength, the use of GFRP material to
replace aluminum profiles presented a good sustainable solution. The
use of a relatively transparent resin developed by Fiberline Composites,
allows the design of facade panels with translucent framing areas (see
Figure 3).

The foremost requirement of the TEC facade is compliance with
European market high-rise building requirements. Architectural and
market driven design restraints include:

BEREZARITUL REERER RN, THA4ANE-—NEGEEE
Rt R EN A R TR, BRE SR ITERS 5L
HWARFNAREEEAT ZWLFR WHEEE) MR, W
RANRFE & EH AR
AT ENEERFET, “@ATA” SR RITIRT R
TR AR EFULZ AR HIR, T GRS B
F AR AEME TR B FAT A AR ER, DL MR IR
HHEKER,
BRgARiE
TECE BRI 2 — N2 T efl, U EKRE 1% ik
MR ERWEAT, ZE (HEE@ AR, Fiberline
Compositesfr AN TR F) & E T F R HF R A 3 4F 458
A (GFRP) BMMFHAGHEREERAANA R, b THHEAE
SFHREEMEE, #FAGFRPHAERBEMA N — RN
FEeBAMEAT E, #f HFiberline Composites & HyAE Xt #&
Rt R, AErEREwFERAEREREN R (FE3D .
TRCEEREZENERZERABRMNT I G EEAER, BHRAL
TG ERFFRITHRAE £ @

o BANEMERE (1002X) , BARAMATRE &%

BN

s BREETRFTEMTENRE KL,
o BEFAWAK,
Gy o p R
o WM 2. 4Kpa
o W7 OKIMEBE: %%B-s3-d0 [EN 13501-1, 2007]

o B¥: HEMFFRY + Ctr = 35dB [EN IS0 717-1
, 1996]

o [E#H: EMKUME < 1.2W/ (m%K) [BS EN 13947, 2006].

BHREAR T FEARERYEMGEER, TERFEAEN:
TEEEK, BENLERIN. TEHEZILEHEEM, L
HERBEFZR (HD .
B TGPRPH 42 AR M, AR AR Fun 5 A8 A f 3 38 A R AR IR M B
HRANEH. HZARGNETEE, B RKTEFEF —
EEE., ¥ ZGFRPE E &K, R A% T1800kg/m* (Fiberline
Composites, 2002) .

Figure 3. TEC facade design concept (source: Arup, 2007)
E3. TECHEH#EIRITE 4 (GRIE: Arup, 2007)
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 Reduced fagade thickness (100mm), increasing building lettable
area and light skin appearance

« Panel height and width flexibility
» Competitive cost.
Structural and safety properties include:
« Design wind load: 2.4kPa
« Fire reaction properties: Class B-s3-d0 [EN 13501-1, 2007]

« Acoustics: direct sound insulation Rw + Ctr > 35dB [EN ISO
717-1,1996]

« Thermal insulation: overall U-value < 1.2W/(m?K) [BS EN 13647,
2006].

A holistic design approach was undertaken not only with regards
to the physical performance requirements but also maintaining
aesthetics: in particular the slender, light translucent appearance.
Paradoxically this also posed problems, particularly acoustic
attenuation (see Figure 4).

Given the light nature of GFRP, large mullions and spandrel panels
have a high influence on the overall curtain wall acoustic performance.
To achieve high sound insulation, a heavy external facade surface is
required yet GFRP has a low density, equal to 1800kg/m’ (Fiberline
Composites, 2002).

In order to maintain translucency, element thickness were limited. The
framing elements, especially the spandrel, could not be extruded as

a hollow section which would be optimal from a structural point of
view since coupling the inner and outer surfaces enhanced acoustic
transmission.

The solution was to develop a float glass/GFRP composite laminate
bonded to the GFRP frame with the composite plate placed externally
(see Figure 5).

The composite laminate could not be achieved using conventional
PVB glass lamination as the autoclave temperature affects GFRP
transparency and thus a resin technology was developed. A synergetic
solution for both structural performance and acoustic decoupling was
achieved by selecting an adhesive system whereby the laminate could
be bonded to the GFRP framing element to form a semi-composite,
with the adhesive having a sufficient elastic modulus soft enough

to acoustically decouple the two elements, yet effectively transfer
longitudinal shear due to bending.

To achieve the desired thermal insulation, innovative but also
economical translucent insulation materials have been incorporated.
Fire reaction performance is achieved by balancing the total

heat released and rate of flame spread of the GFRP with the heat
conduction characteristics of the glass component of the laminated
composite resulting in a reduction of GFRP thickness and consequently
an increase of light transmission properties.

Effective & Reliable Decision Making

The major constraint to any design process is time. The design process
often requires numerous design permutations and iterations in order
to achieve cost efficiency. The adequacy and reliability of a design
requires the use of suitable and reliable engineering tools and software.
Numerous generic engineering software packages such as FEA and
CFD require both specialist modelling and analytical knowledge and
depending on model complexity extensive computational time.
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Figure 4. representation of performance requirements set for the TEC facade project.
All the requirements have been considered at the same time with a holistic approach
(Source: Permasteelisa Group, 2012)
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Figure 5. rendering of the developed solution: 3D view of the standard module (top-

left); vertical sections at panel top (top-right), at intermediate transom height (middle-

right), at panel bottom (bottom-right); and horizontal section at IGU height (bottom)

(Source: Permasteelisa Group, 2012)
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Figure 6. Reinforced vs. Unreinforced mullion MDOF Blast Analysis Results (Source: Lori,
Zobec et.al. 2009)
FE6. 32 A0k fm 7 RAEMDOF 7 & 4 474 & (GEUR: Lori, Zobec et.al. 2009) )

As model complexity increases, the influence of design changes on
facade system performance becomes less intuitive with “black-box”
reliability on software results often leading to incorrect assumptions.
Results reliability is also limited to the accuracy and reliability of input
data as well as modelling simplifications and limitations.

Many software tools used to assess facade performance are based on
analysing individual components rather than analysing the overall
facade system, leading to conservative costly designs.

Dedicated software tools that analyse the overall system and
interaction of all facade components are required. Three examples of
software tools (amongst numerous others) used in the areas of security
(blast enhancement), energy efficiency (EPBD) and comfort (acoustics)
are described as follows:

Security - Blast Enhancement: TESTUDO

The common approach in the design of blast enhanced facades is to
model the facade as a series of individual components applying the
reactions of supported element. Structurally this would appear to be
valid but for impulsive blast loads results in oversized and expensive
elements and lower levels of security since the flexibility of the element
supporting the component is not effectively considered in dissipating
blast energy.

Figure 6 describes the advantages of such an approach comparing
two facade systems. Using an elemental approach, the facade mullion
required costly steel reinforcement and the glazing was predicted to
crack with ensuing fragmentation. Undertaking an integrate facade
system analysis using TESTUDO, shows that mullion reinforcement

is unnecessary with greater glazing support flexibility and glazing
remaining intact. The resulting advantages are a lighter economical
facade, thinner glazing with a higher level of protection.

TESTUDO is based on a coupled MDOF model that analyses the
interaction of the fagade system including glazing, framing and fixings
(see Figure 7).

Whilst the software utilizes an “approximate” method of analysis, the
results are sufficiently accurate to within +/-59% of FEA models for
typical fagade modulations (Lori, 2009). Model run times are less than a
minute, allowing rapid design iterations.

Comfort - Acoustics: SEHMA

In order to reduce traffic congestion and lower carbon emissions,
sustainable design in cities favours developments to be within close
proximity of efficient public transport networks. This requirement has
seen greater attention to acoustic issues in buildings.

EEXRARMERADTHIIREART /.

AR R AR, — A IR L R AR AN A A
R B OKROR M RE T R A E R A R IR A A B
1 E AP BIGFRPEY K i B JE R R LI, 45 R M /NGFRPE

B, N EELFK.

MK FER G

EME TN EEZRFI e, R IEREETEAENE
B EERNANTRIRARE. BHN RO RFTELEEFEA
EYTRN IR T A, ¥ 4EF TR% G4, FlFEAf
CFD, FEAHLVWEERETHENMNBIR, AHIATEREL
M, FEAEBWIHENIEZETHNE,

R AT AR A A 8, X EKE R SRR R T B
TERIKEN, Uhttd “BEF WA EREREEL2RHN
B, ERNTEELTRTHASEAEFHM T 4
M, DR A B AL A PR

T AR T IR T EHNELT oM EA 22—,
TP AT AN R G, T R R T R F ARkt
NERRGR A RSB AL ERANE AT R
BEAHELEWH, TXHRT ZARE (EnsEERBEF) , 27
R F: Briptim CGERRMERE) , H M E (EPBD) FéFiE 4
W () 4.

rihsm - HEHRMEE: TESTUDO

Vit B R BRI TR, RGN — R Pk T A
HTEES T ETHOR . EEH EXUTRERER,
([EEERSIBIERE P SHABME A HEENZINE, K
WEETHESSEMER TR AR EN B F, HARKTI %
A,

F6iE i A FIE R AR, ERZFHNMRE. EXRAR
SIS, BEEEFERFHNAGE, 2B ES
B ZLGETT AR B K k. A B TESTUDORK M # 4T % & B 4 2 S 447,
ETREHEANB B EZTNE, CELERNL, RAEHETE
BFEE b, HNERNTARERTEFINES, THNEE
FE & ATHRF.

TESTUDOA F#8 & BUMDOFEE &L, /AT 3% R SL B9 40 I IF Fl 45 3%
B, ERREEEZANELER (BD

REBBERRF U Wik, RRTIBHE, HER
IRTHA P A EISE N + /-5%EEA (Lori, 2009) ., 1
RZATEE 8 > T 1040, kR akit R,
FEE - FF: SEHMA

HE DR B EBARE, RTATHFSEL AT AT
Syl NS ESETNERLE. XTECEZAY
HRE AL E % K

M. BlascofF & T — A itk s AT TE (SEHMA) & (
THERELEHK) NETHEHTIME (Blasco, 2011) . it
ETERFRHGELN, ERAAENESRKEL, HHRST
B R~THBIE, WRMEH TN GEFTIMENER, #1773
SR E. FARITRESN T BRE KRG HIE R AN —
MFERBRNERM I FRAMEEHEE, TAEEE—NLH
HEFHER, W EWEEREETIHHE/LTFRER T &AM, T
HEATEREZNTS dB, TUREFWESECITETAAR,
AR ATE BRATR TN ERER T A,

g E - EPBD

HANTEEFERTMBARE LFATASNEESE, &
HHE, EFE, BE (2, XEBE) £, BISRE, BAFERNA
RRSHEAERHBEY, v, HECE, SELG, HE, &

52



System
fig
L
General
X
Brackets

Framenx

Q
-
=1
2
K

Leafs

Wi

Figure 7. blast enhanced facade software Testudo (Source: Lori, Zobec et.al. 2009)
E7. EADBEEEHEE 2T Testudo (3kJE: Lori, Zobec et.al. 2009)

For the acoustic prediction of facades (particularly multi-layers) a semi-
empiric analytical tool (SEHMA) was developed by M. Blasco (Blasco,
2011). This calculation tool is based on Statistical Energy Analysis

and further refined using an adapted normal absorption coefficient,

a correction for finite sizes, and shift in the critical frequency and
damping at the critical frequency. The use of statistical energy analysis
allows the fagcade system to be effectively and iteratively modeled as
an additional subsystem including ventilation gaps and connecting
mullions without the need to create a completely new acoustic model.
The main benefit of this approach is that the calculation is almost
instantaneous, average model prediction errors below 3 dB and is
easily integrated with other calculation tools, making it an excellent
tool during the tender and pre-design stage of a project.

Energy Efficiency - EPBD

Comfort and energy consumption predictions of buildings is greatly
dependent on numerous facade parameters including glazing,
shading, facade (single, double skin) typologies, BMS settings, natural
ventilation strategies as well as building related properties such as
geographic location, climate conditions, orientation, intended building
use, thermal mass and occupant behaviour.

Current energy modelling software used to size environmental systems
often utilize simplistic facade models and properties particularly
incident glazing properties and U values. Advanced facade systems
with multiple layers, dynamically varying ventilation and shading
controls are often modelled incorrectly and inaccurately. Stringent
national energy codes are also incorrectly focused on component
properties such reducing U-values in the belief that minimising heat
transfer rather than balancing in buildings will provide energy savings.
This strategy has seen numerous buildings especially in cold climates
require cooling even in winter months.

The EPBD software developed by Permasteelisa undertakes dynamic
whole-building energy simulation that considers the dynamically
variable fagcade properties as well as the impact of ventilation, shading
response and day-lighting. The multi-compartmental model also
allows multiple facade types to be modelled in order to assess the
most economical facade typology per elevation that will maximise
both energy and comfort.

Figure 8 describes such an example, whereby comparing a triple
glazed unit (TGU) with a closed cavity fagade. Simply comparing
glazing U values would indicate the TGU to be a more viable energy
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Figure 8. EPBD (Source: Permasteelisa Group, 2012)
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efficient option compared to the CCF but when considering the overall
annual energy consumption, the CCF far exceeds the TGU for both
energy and comfort.

Design Streamlining & Efficiency

Market Factors Driving Complexity

Numerous market factors impact facade complexity. Monumental
buildings demand bespoke solutions that impact the production
system setup. With regards to design modelling, unique software
packages, though desirable, are impractical as interoperability is one of
the most frequent fagade design issues.

Construction technology evolution is resulting in ever increasing
complex expectations. New technological solutions require the
adoption of suitable technical applications (CAD, database etc.).
Project schedules are becoming greatly compressed, thus requiring
for a multi-user, multiple “entry point” design system. Project design is
perpetual up to completion with design changes, alternative solutions
and options requiring flexible project information management tools.
Inaccuracies and errors also increase and amplify project costs. The
ability to identify and prevent problems and make changes without
consequences is a fundamental necessity. The consequences of
curtain wall business globalization are projects that involve multiple,
geographically separated entities, requiring a well-designed, supported
and ubiquitous global system.

Effective Design Complexity Management

Monumental projects require multiple solutions often not applicable
to other projects. The most evident complexity factor of a building is
its geometry. Projects have a high number of similar but not repetitive
components that must be tracked separately.

One of the greatest challenges of Beekman Tower in New York (see
Figure 9) was the eight thousand unique panel subassemblies,

fixed to the curtain wall units. The engineering of the ten thousand
potentially unique curtain wall units required tracking of thousands of
various parts and system types with permutations and combinations
necessitating a strong set of organizational capabilities and the ability
to compare resulting parts in order to maximize the re-use across the
project. On the first fifteen floors, six hundred and fifty configurations
are applied to more than two thousand units. Each unit configuration
comprises nearly one hundred components; each reusable in more
than one configuration. Construction of projects such as Beekman
Tower in congested city centres poses challenging logistical issues
particularly when multiple entities are involved in the design,
fabrication, sub-contracting, assembly and installation of the same
project or when projects comprise multiple buildings and challenging
site conditions (e.g. the KAFD project in Riyadh, see Figure 10).

Complex information flow must be addressed with the correct use
of appropriate tools. Generic commercial software packages are
unsuited to the specific complexity of a curtain wall project through
all its phases, from tender to post completion maintenance. These
constraints have driven the development of proprietary software,
Permasteelisa Moving Forward (PMF), conceived to improve complex
process efficiency (see Figure 11).

PMF is a comprehensive, custom SAP integrated solution, providing
tailored functionality for tendering, design, technical development, and
production of Permasteelisa Group exteriors projects and supports an
extensive range of business processes, from tendering to on-site status
reporting.
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Figure 9. The Beekman Tower in New York (Source: Permasteelisa Group / ©Lester Ali
Photography)
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Figure 10. The King Abdullah Financial District in Riyadh, Saudi Arabia (Source: King
Abdullah Financial District).
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Figure 11. PMF conceptual flow of information (Source: Permasteelisa Group, 2012)

E11. PMFBEAfE &t CGRIE: taE it Al £/, 2012)

In early project stages, reliable information is available through the use
of a 3D building database stored model that allows the geometrical
complexity of the building to be controlled. Geometrical properties of
curtain wall units are identified using 3D closed polylines (the outline
frames) and lines (intermediate elements). The 3D building model is
the exact repository of geometric information, allowing in the tender
stage to associate the curtain wall types to each fagcade unit, hence
running precise evaluations of geometrical properties and project
costs.

Upon project award, the design and engineering of the curtain wall
systems are incorporated into the database allowing precise material
take-offs subsequently resulting in correct purchase and planning
tasks. Geometrical elements extracted from the 3D building model act
as driving constraints commencing 3D solid modelling of components
prototypes and to assemble them into curtain wall configurations.
Solid 3D models are checked, properly coded and delivered to
production also organizing and outlining the packing of assemblies.
PMF logistically manages SAP integrated design lots and tracks the
projects status with a globally networked system built on a single
project database.

As shown in Figure 12, reliable information is provided earlier in the
design process not only shortening the time schedule but information
flow is more streamlined and not lost through the necessity to re-input
information into subsequent process non compatible software. PMF is
used both by tender and technical teams to solve and identify fagade
project elements and allows teams to effectively exchange more
complete information throughout the entire process originating from
the design. In particular the impact of design changes can also be
effectively managed.

Prior to the development of PMF, various CAD and facade
configuration management systems were used during the awarded
phase of a project. Collaboration with Autodesk to develop PMF
allowed consolidation and standardization of CAD programs and
versions. The resulting single system avoids the tedious choice of the
right’ CAD system based on the project’s complexity factors, resulting
in increased process efficiency. PMF has incorporated and improved
the basic concepts of all systems. Flexibility and adaptability to any
project type allows an integrated, global, specialized, well-supported
system, extended to a 3D modelling working environment.
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Figure 12. PMF: more info earlier in the process (Source: Permasteelisa Group, 2012)
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Conclusions

In conclusion, the design process takes many forms. When undertaking
complex projects it is necessary to adopt a general approach to the
building. Effective resolution of technical issues is optimally achieved
using a holistic design approach. Software packages are not only
important architectural tools but can assist to drive the decision
making process. Decision making tools should be intuitive, allow rapid
design iterations and capable of modeling interaction of the overall
facade system rather than individual components in isolation.
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