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ABSTRACT

Facades are the first aesthetical feature of a buildinglis@iguish one building
from another. Its distinctive appearance is often the subject obgerdral debate.
Nowadays, Unitized Curtain Wall system is commonly used for higl-rise
buildings, it becomes a major investment in both construction and long-term
success of the building. Compared to reinforced concrete structure,ednitiz
curtain wall is new technology in the construction industry. Thisediation will
focus on the design and analysis of unitized curtain wall for hsghbuilding,
using finite element and structural analysis programme. Thaicwiall systems
nowadays, even the simpler types, are far more sophisticate prdokcttheir
early counterparts, though many of the earliest walls ate piforming
admirably. More than fifty years of experience and developtnawne eliminated
the major difficulties of the pioneering designs, resulting intebeproducts.
Beginning with the relatively simple, but innovative concept of thky 4950's, a
series of window units and panels jointed and supported by simple framin
members. Curtain wall system technology has developed, over tiee yda a

proliferation of highly engineered design.

The author worked in construction industry for 5 years and working iadeac
Consultancy for almost 2 years. | am currently engaging in vakeys-acade
projects in Asia. | have found that some people simply think thaticustall
system is just an assembly of glass, aluminium, steel, simevsealant. Curtian

wall system, apart from its appearance, functions as an extmolsure to
protect the building from weather and to achieve pressure-equatizagtween

the outdoor and indoor environment. Its construction is not only an assembly of
several components, but an advanced technology with involves sophisticated
calculation. In this paper, design concerns of the unitized curtainsys#m are

also regarded as major issue to discuss.
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CHAPTER 1

INTRODUCTION

1.1 Background information on the research project

Facades are the first aesthetical feature of a buildinglis@iguish one building
from another. They determine its distinctive appearance and aretioftesubject

of controversial debate.

Fig.1, shows a new shopping and business building developed in Hong Kong,
China. The concept of Architect for this building was a gift boxhwitbufferfly
silk ribbon on the top. Even not everyone have this sense, it is trug¢héat

distinctive facade is being an attractive topic to everyone.



Fig. 1 — Mega Box at Kowloon Bay, Hong Kong, China (Completed 2007)

Development in facades has made it more functional, providing desigitlerthe
flexibility to create high performance solutions, which are viguakciting, both

internally and externally.

As an example was shown in Fig. 2, a new commercial building in Hong,
which was awarded for Architectural and Environment design. This bgildas
impressed by the sensitive handling of variation in floor plate nioas which

suit different tenant’s requirements and sensible incorporation teichicurtain
wall and sun-shading devices with provide comfort to the usere wiakimizing

the panoramic harbour view (famous scene in Hong Kong). An overall
transparency of the building and a unity of architectural exjoresse maintained
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without giving in to stringent statutory control and cutting edge mmgldi

technology.
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Fig.2 — One Peking Road at Tsim Sha Tsui, Hong Kong, China (Completed 2003)

Major advancements in facade technology gives Architects anciaBgis the
opportunity to vary the appearance of the building envelope, create graiate
grid system with all of their ideas, such as, windows, verdiaglements,

aluminum features, etc. while maintaining a high level weather proofing.

Facade works include such important building components as windows wall,
curtain wall, cladding panel, etc, that form an integral parthef éxternal
envelope of a building. It is, therefore, important to ensure facadetises are

3



properly designed, installed and maintained, to provide an interesting living
environment, while maintaining ‘green’ and safe living environment far t
community. In fig.3, it is a scene of one of business city in Chirghows that

there are many high rise buildings with facade envelope nowadays.

Fig.3 — Scene of Hong Kong Island in Hong Kong, China (Photo taken in 2007)



The followings are some project photos of Unitized Curtain Wallhigh-rise

building as example references.

Fig. 4 —170m Height, Bank of China, Hong Kong, China (Completed 1991),
which was the tallest building in Hong Kong in"20entury



Fig. 5 — 290m height, International Commerce Centre, Hong Kong, QRight
hand side, Under progress), which will be the tallest building in Hong Kong.



Fig. 6 — 890m Height, Buji Tower, Dubai (Under progress)

1.2 Aims

The aims of this project are to introduce the Facade Industry amthtgze the
curtain wall system for high-rise building with finite elemeartd structural

analysis software.

1.3 Structure of Dissertation

Firstly, 1 will show the development history of curtain walstem. And, point out

the advantages of unitized curtain wall system compare witk atid hybrid

curtain wall system.

Secondary, | will focus to introduce modern curtain wall system, hwisc

7



Unitized Curtain Wall System.

Thirdly, 1 will show the design of curtain wall system. The onapesign
consideration includes structural integrity, provision for movement antherea

tightness.

Finally, using the case study project to analyze curtain sydtem by two
softwares, i.e. Strand 7 for finite element analysis, and Spage fGastructural

analysis.

1.4 Summary

The curtain wall, one of architecture’s most provocative metaplsossyprisingly
difficult to pin down with a precise definition. Generally it wédught of as
performing the major functions, which is forming a protective @naoe

excluding the elements, but with openings for vision and ventilation as required.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will review published research that has investiglageblehaviour of
Unitized Curtain Wall System. Curtain wall is defined in teraf its functional
relationship to the building’s structure. It then refers to the clggdinenclosure,

of a building as something both separate from and attached to thindsil
skeletal framework. Curtain walls are the most abused of buildiengeats being
subjected to wind loading, extreme events, building movements, sudden
temperature changes, driven rain, atmospheric pollution and corrégiotof &

Martin 1987).

Nowadays, curtain wall system is a major investment in bothdhstruction and
the long-term success of the building. Curtain wall system igusbt barrier to
the external envelope of building, it is crucial to the image angeheeption of a
building. A good curtain wall design system with excellent perforce is

essential; otherwise, it will cause large expenditure in future maintenance



2.2 Theoretical Studies

2.2.1 Finite Element Analysis Studies

Finite element program, STRAND 7 is used to predict the deftebehaviour of
glass panel of Unitized Curtain System. Surface stresoiteglfor the ease of

understanding of nonlinear behavior when the glass undergoes large deformation.

Owing to possible saving in material weight, nonlinear and larfiectien plate
theory has been commonly used in some western countries like Utated &nd
Canada. With the trend of globalization, it appears that Engineedstoessuip
themselves on various new techniques for enhancing their competiivends
non-linear analysis and design is considered to be one of these edlvanc
techniques. Glass panel is commonly used in Curtain Wall Systemet(al.

2006)

Glass plates are widely used as glazing panels in buildindatéoand it has a
unique and important quality of transparency and acceptable st(@&agythai and
Chan, 2003). Its provision of unobstructed view to the occupants has made it
highly competitive against other types of facades. However,ahed of glass
panels is common and the direct falling of glass debris onto thet $&wvel may

also cause casualties. Studies have shown that breakage ofsgthss o the
concentrated tensile stress on the surface flaw. Due to theutiiffin estimating

the density, orientation and location of these flaws in glass paheldailure
probability instead of direct specification of failure load forglass panel is

10



usually used a reference for safety of glass structures.r&@gnspeaking, the
probability of failure (POF) of 8/1000 is acceptable for most purpdse.
congested area, the POF should be further reduced. Glass paneslsahefixed

to a building as building envelop. Typically the glass is held inepbgcmeans of

adhesive strength of silicone sealant and/or mechanical fixing.

To evaluate the stress in a glass panel numerically, thsicadhslose-form
solution method, the finite difference method and the finite elemetihod can

be used. Generally speaking, the classical method solving diteetequilibrium
equation using the strong formulation can only be used in some very siasgle

The finite difference method involves less computational work tharfitite
element method but may be limited to standard or simple plate eggorfror

glass panels with odd shape and under complicated boundary conditions such as
the edges are not completely or fully restrained along tideas sthese methods

may be too complex, if not impossible. The finite element methapknerally

considered to be the most versatile in terms of flexibility.

The discussion of analysis results will be illustrated in thep@h&d with my case

study.

2.2.2 Structural Analysis Studies

Because structural failure may jeopardized human life, the stalightegrity of
the wall may be said to be the primary concern in unitized cusalinsystem. To
sustain structural integrity, curtain wall system must beyaegdl by structural

analysis programme, so that it obtains support but it not subjectesty loading

11



from the building.

The method is based on the actual response of a structure undeateultr

serviceability limit loads and design is completed simultaneously with analys

Space Gass is used for my case study as structural analysis pnggram

For Unitized Curtain Wall System, Mullion (known as vertical rbem and
Transom (known as horizontal member) are mostly analyzed by structusaisina
programme. Their bahaviour such as deflection and moment can be obtamed f

analysis results.

In the general practice, four floors of mullion is modeled in theciral analysis
programme when calculate typical unitized curtain wall sys#dthough, more
conservative result can be obtained when modeling whole building salctur
will consume a lot of time. From experience, nearly 90% of actual conditiol res

can be obtained from four floors model by structural analysis programme.

Transom, which will suffer two directions load - wind pressure agaddoad.

Biaxial load analysis of Transom can be generated by strucaunalysis

programme.

The analysis results will be discussed in the Chapter 5 for my case study.

12



2.3 Design Codes

Currently, Chinese Code contains the only design standard for whgkdé&
system including Unitized Curtain Wall System. However, someagugie for the
design of different component parts of Unitized Curtain Wall Systeprovided
by the European Committee for Standardisation, the ASTM Internatsbaadlard,
Australian Standards and British Standard, they are all commomrlg f

reference in some countries. The design codes are based on skfferaht

theories, which can produce different results, and the assigiemaded in terms

of application varies significantly.

Some of these design codes were introduced as follow, which wetanussy

case study refer to Chapter 5

2.3.1 ASTM E1300 (2004) : Standard Practice for Determining Load

Resistance of Glass in Buildings

This practice describes procedures to determine the load resisthspecified
glass types, including combinations of glass types used irnelseaulating glass
unit, exposed to a uniform lateral load of short or long duration, feeaifeed

probability of breakage.

This practice applies to vertical and sloped glazing in buildiegsshich the
specified deign loads consist of wind load, snow load and self-weitihawotal
combined magnitude less than or equal to 10kPa. This code includes ystsanal
for different glass types, such as monolithic, laminated or isglaglass

13



constructions of rectangular shape with continuous lateral suppag ahe, two,

three or four edges. This practice has following assumption:

- the supported glass edges for two, three and four sided support condiions a
simply supported and free to slip in plane;

- glass supported on two sides acts as a simply supported beam; and

- glass supported on one side acts as a cantilever.

2.3.2 BS 8118 (1991): Structural Use of Aluminium. Code of Practice for

Design

For most of construction projects, Mullion and Transom are madeuwmhiAlum
Extrusion. BS 8118 part one is used as the design code for all alamini

structures.

This code provides recommendations for deign of the elements cédrdattice
and stiffened plate structures, using wrought aluminium alloy. dlbsign
recommendations are for a variety of aluminium alloys suitiiolstructural use,
and apply to a range of structures subjected to normal atmospbadti@ns
These recommendations for use in unitized curtain wall are included:

Deflection limit

Stress limit

Section classification

Bearing stress limit

14



2.3.3 BS 5950 (2000): Structural Use of Steelwork in Building. Code of

Practice for Design. Rolled and Welded Section.

Component parts such as bracket, bolt and nut, steel angle etc., venelised
for fixing the unitized curtain wall panel, were all made ee&tBS 5950 part one

is used as the design code for all steel fixings.

This code gives recommendations for the design of structural st&ehsing hot
rolled steel sections, flats, plates, in buildings and allied steginot specifically
covered by other standards. These recommendations for commonlyirused
unitized curtain wall are included:

- Deflection limit

- Stress limit

Bearing stress limit

2.4 Summary

In general, unitized curtain walls of today, even the simpleesyare far more
sophisticated products than their early counterparts, though mahg eftliest
walls are still performing admirably. Fifty years of expage and development
have eliminated the major difficulties of the pioneering desigassilting in better
products. (AAMA, 1996) Beginning with the relatively simple, but innoxeati
concept of the early 1950’s — a series of window units and pgiakd and
supported by simple framing members. Curtain wall technology éaslaped,
over the years, into a proliferation of highly engineered designs.

15



Throughout this development, however, the basic principles of good curtdin wal
deign have not changed. Recognition of these principles has grown with
experience, and the criteria of good design have now become wakdiefind,
as with any vital and developing product, the industry continues torays fo

improving performance.

Methods of analysis, similar to some of those mentioned in this chapliebe

utilized in this dissertation to analyze of untized curtain wall system ngwada

16



CHAPTER 3

HISTORY OF DEVELOPMENT OF CURTAIN WALL SYSTEM

Prior to the design and analysis of curtain wall systast, df all, let’s start from

the history of Curtain Wall System.

3.1 History of curtain wall system development

Modernist architects discarded the decorative styles of thed®tury and sought
to merge architecture with industry. The result was a sinipdgcal, functional

building style, as much industrial as artistic.

The first curtain wall was designed by German Architect t&/alGropius
(1883-1969) who was invited to teach at art school in Germany ch#éedauhau
(“Building House”). When the Bauhaus moved from Weimar to Degsdi926.
Gropius constructed the new campus according to his philosophy of clean,
functional, modern design. Gropius’s most important contribution was the
so-called “Curtain Wall”, the exterior wall of glass thasaldisplays the
building’s interior design. Gropius became an influential teach&niarica and a

founder of what has come to be known as the International Style in architecture.

17



Fig.7 - Walter Gropius (1883-1969)

Fig. 8 — The Bauhaus (the early curtain wall system was shown)

18



Fig. 9 — The Bauhaus

The Curtain walls nowadays, evens the simpler types, are fa sophisticate
products than their early counterparts, though many of the ¢aviadls are still
performing admirably. More than fifty years of experience and dpwetnt have
eliminated the major difficulties of the pioneering designsultang in better
products. Beginning with the relatively simple, but innovative concethteoéarly
1950’s, a series of window units and panels joined and supported by simple
framing members. Curtain wall system technology has developedtha/gears,

into a proliferation of highly engineered designs.

Throughout this development, however, the basic principles of develop good
curtain wall system have not changed. Recognition of these péasadipls grown
with experience, and the criteria of good design have now becomelefiekd.
And, as with any vital and developing product, the facade industryncestito

find ways of improving performance.

19



3.2 Advantages of unitized curtain wall system compare with stick and

semi-unitized curtain wall systems

There are several systems for aluminium curtain wall sysiacluding stick
system, semi-unitized system and unitized system. (Informatamn, fAAMA,

1996)

a) Stick wall system.

This is the earlier design of curtain wall technology. The salistalled piece by
piece. Usually, the mullion members (which is vertical meméer)nstalled first,
followed in turn by the transom members (which is horizontalmainber), and
finally the glazing or window units. However, in designs accerttieghorizontal
lines the process may be altered to first install thestatrgnsoms. In either case,
the transom and mullion members are often long sections designétieiobe

interrupted or extended through at their intersections.

The stick wall system was used extensively in the early years of cnetzn wall

development, and is still widely used in greatly improved versions.eSom

contractors consider it to be superior to other systems.

20



Fig.10 — Diagram to illustrate the stick wall system

The characteristics of this system are its relatively &wpping and handling
costs, because of minimal bulk, and the fact that it allows someseleagr

dimensional adjustment to site conditions.

Its disadvantages are the necessity of assembly in the cdiostisite, rather than
under controlled factory conditions, and the fact that pre-glazing iowdlyi

impossible.

b) Semi-unitized System (Hybrid system)

After a period of time, semi-unitized design was occur in guxtall technology.
In this system, the mullion members are separately instdilst, then
pre-assembled framing units are placed between them. Thesemayitbe full

story height, or they may be divided into a spandrel unit andi@envigass unit.

21



Hybrid system is advantage to use when for long span of two flebish can be

reinforced by steel.

This system need large amount of labour for field jointing work taederection

time is comparatively greater.

Fig. 11— Diagram to illustrate semi-unitized curtain wall system

c) Unitized curtain wall system

For modern technology, unitized curtain wall system was invented sy$tiem is
composed entirely of large frame units pre-assembled at tteeyfa€he mullion
member join to the top and bottom transom member, and with a visipedgla

glass panel.

22



Fig. 12 — Diagram to illustrate unitized curtain wall system

Fig. 13 — An Unitized Curtain Wall Panel.
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The production of whole panel are under controlled at the factorgrentine
process can be carefully inspected, and facilitates rapid enelos the building

with a minimum of field labor and relatively few joints.

There are 3 curtain wall systems, based on the method of instgllahich have

been most commonly used to date. It should be obvious that aluminum curtain
wall design, contrary to variable condition, is by no means limited to gridpstte

or to patterns accenting either vertical or horizontal lines. Mok more, other
forms of aesthetic expression are appearing, such as virflely walls, walls

with little or no exposed framing, walls in which exposed metles as a
permanent form for concrete framing or fireproofing, and othleshf new

concepts.

Perhaps in the future, some of these innovations will become commemsyst
deserving identification, but at present no attempt is being mddg them. They
are referred to simply as ‘other system’, and as th@ugmtentials of aluminium
curtain wall are further explored there will certainly be meystems other than

the aforesaid typical systems.
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3.3 Modern curtain wall system — Unitized curtain wall system

The Unitized curtain wall is the most airtight and weathestast cladding and
exterior wall system available. A glass and aluminum curtah fabricated in
factory and installed as a panel system is referred touastiaed curtain wall
system. Unitized curtain wall will comprise glass vision pamel spandrel panel
mounted in a prefabricated aluminium frame. Most of the systenponents are
assembled in a plant under controlled working conditions. This promqosdity

assembly and allows for fabrication lead-time and rapid closure of the building

The unitized system is assembled on the building as panels. Thersirgection
around the panel is fabricated as half sections instead of a séwtien, which
mate at assembly time to form the curtain wall systeme. @anels are installed in
shingle fashion, starting either from the bottom or top of the builditygoing

around each floor until the whole building is dressed up.

While the unitized system offers many advantages with respeajuélity

assembly and speed up the site construction time, there is oge dascern with
respect to installed performance and durability. In a unitizetesy, there are
three joint along every mullion and transom. These include the tweeglde
aluminium joints and a third joint at the junction between the halfions and

half rails. Should an air or water leak develop at the third jthete is usually no
practical method of accessing the in-between panel joint of repdéss the

manufacturer has provided a serviceable joint system design.
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In a unitized system, the manufacturer must rely on qualifiedllgrstao ensure
that the air seals are properly installed between the splilomai Nevertheless,
the unitized system is the most popular facade system accotdingne

manufacturer and it has performed satisfactorily when installed correctly

3.4 Design of curtain wall system

The Facade Engineers and Designers are involved in the desigmacithe

design and installation of the curtain wall of the building.

Curtain wall system is a cladding system, made of contiguonseats, which
envelopes the building structure on which it huge like a curtain asidd®s wind
and weather, includes the air conditioned environment, but resists no building load.
It generally has an aluminium frame structure and glass visarelp and
spandrels which can be of any panel material, for exampless, gteetal, stone,

compressed cement or sandwich panel.

To perform satisfactorily curtain wall system, as an estewall system must

meet several performance requirements. These including,

Structural integrity

- Provision movement
- Weather tightness

- Moisture control

- Thermal insulation

- Sound transmission
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Each of above design concept will be detail illustrated in Chapter 4.

3.5 Analysis of curtain wall system

Obviously all exterior walls, of whatever materials, are stibfe, and must
withstand the ravaging effects of nature. These nature fonmessumnlight,
temperature, water, wind and gravity. Except for gravity, trensity and relative
significance of these forces vary somewhat from one regiandther, but all of
them must be considered, and their effects provided for, in all localibag may
act upon the wall either individually or more often in concert, but to rstatel
their impact on design requirements the effects of each shouldphbeatsty

examined.

An analysis of the effects of these natural forces revlkalmajor problem area to
be anticipated. Experience verifies that in the design of unitizedic wall, there
are generally three matters of chief concern;

- Structural integrity

- Provision for movement

- Weathertightness

Of course, there are a number of other considerations, most of aneialf less
critical importance and some of which vary in importance with dleation and
type of building. The following are the steps for analysis,

- Loading assumption

- Finite element analysis

- Structural member analysis

The above steps will be detail shown in the Chapter 5.
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CHAPTER 4

DESIGN OF CURTAIN WALL SYSTEM

4.1 Introduction

Curtain walls are the most abused of building elements being sdbjectwvind
loading, extreme events, building movements, sudden temperature changes,

driven rain, atmospheric pollution and corrosion (Hunton et al. 1987).

This chapter discusses the characteristic of major componentyiahdor
Unitized Curtain Wall System and the need for a better tedhawareness in

Curtain Wall design through a much greater involvement for technical concerns

Curtain wall system always gives people a sense of sinyphbeit regularity.
Some people even simply think that this system is just an assehlglass,
aluminium, steel, screw and sealant. Curtain wall system, dpam its
appearance, functions as an external enclosure to protect thendpuitdim
weather and to achieve pressure-equalization between the outdoandaiod
environment; its construction is not only an assembly of several cangrbut

an advanced technology which involves sophisticated calculation.
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4.2 Natural forces and their effects on curtain wall system

Obviously all exterior walls, of whatever material, are subjec and must
withstand the ravaging effects of nature. Prior the discussionsajrdef curtain

wall system, the following are the effect created by natural environment

4.2.1 Sunlight

Sunlight, which human could not live without it. It provides warmth, coloyalis
definition and life itself. But it also creates certain praiden curtain wall design.
One of these problems is its deteriorating effect on organierralatsuch as color
pigments, plastics and sealants. The actinic rays, particabarbe found in the
ultra-violet range of the spectrum, produce chemical changes whicse fading

or more serious degradation of materials It is essential, tmerehat materials
and finishes vulnerable to such action be thoroughly investigated beforg bei
used, and that sealants be tested for resistance to ozoneaatthciira-violet

radiation. (AAMA 1996)

Another problem resulting when uncontrolled sunlight passes throughathes w

the discomfort of glare and brightness and degradation of interior furnishings.

Conventionally, such effects are combated by use of some typadihg device,
either inside or outside of the vision glass. A newer approach, gamfagor, is
the use of glare-reducing or reflective types of glass whictige relief without
restricting vision.
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4.2.2 Temperature

Temperature creates two kinds of problems in curtain wall design, they are:
- the expansion and contraction of materials; and

- the necessity to control the passage of heat through the wall.

It is the effect of solar heat on the wall which creates orleeoajor concerns in
aluminium curtain wall design, which is thermal movement. Tentpera
fluctuations, both diurnally and seasonally, that critically affeall details. All
building materials expand and contract to some extent with teraperaianges,
but the amount of movement is greater in aluminium than that in otbst

building materials.

The control of heat passage through the wall affects both hean loslsl weather
and heat gain in hot weather, the relative importance of the twongawith
geographic location. Thermal insulation of opaque wall areas becrde
important consideration when such areas constitute a substantiaf paettotal
wall area, but when vision glass areas predominate, the use oftimggkass,
and the minimizing of through metal or ‘cold bridges’ are morecgéffe in

lowering the overall U-value of wall.

42.3 Water

Water, in form of rain, snow, vapor or condensate, is probably thepamsstent

cause of potential trouble. As wind-driven rain, it can enter sergll openings
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and may move within the wall and appear on the indoor face far tsopoint of
entrance. In the form of vapor it can penetrate microscopic peiksondense
upon cooling and, if trapped within wall, can cause serious darhagenay long

remain undetected. (Quirouette 1999)

Leakage may be a problem in a wall built of any material. Mustonry walls,
being porous, absorb a good deal of water over their entire wettedesuand
under certain conditions. Some of this water may penetrate theapaéaring as
leaks on the indoor side. But the materials used in metal curaih are
impervious to water, and potential leakage is limited to joints @wehings.
Though this greatly limits the area of vulnerability, it gngaticreases the

importance of properly designing the joints and seals.

4.2.4 Wind

Wind acting upon the wall produces the forces which largely didtastructural
design. On the taller structures in particular, the structucgepties of framing
members and panels, as well as the thickness of glass, arenidete by

maximum wind loads.

Winds also contribute to the movement of the wall, affecting meals and wall
anchorage. The pressures and vacuums alternately created lyirkdghot only
subject framing members and glass to stress reversal, but @nst® defy
gravity, flowing in all directions over the wall face. Thus wind must be recedniz

also as a major factor contributing to potential water leakage.
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4.2.5 Gravity

Gravity, unlike the other natural forces, is static and constathienrthan dynamic
and variable. Because of the relatively light weight of mdtedaed in curtain
walls, it is a force of secondary significance, rarely impgsany serous design
problems. It causes deflections in horizontal load-carrying memlespecially
under the weight of large sheets of heavy glass, but bettaseight of the wall
Is transferred at frequent intervals to the building frame, gréeites affecting
structural design are generally small in comparison with timpesed by wind
action. But far greater gravity forces, in the form of floor aadf loads, are
acting on the building frame to which the wall is attached. A&sd¢Hoads may
cause deflections and displacements in the frame, the connectitres wéll to
this frame must be designed to provide for sufficient relatisggement to insure

that displacements do not impose vertical loads on the wall itself.

4.3 Design Consideration

Curtain wall system is a cladding system, made of contiguonseats, which
envelopes the building structure on which it huge like a curtain asidd®s wind

and weather, includes the air conditioned environment, but resists no building load.
It generally has an aluminium frame structure and glass visarelp and
spandrels which can be of any panel material, for exampless, gteetal, stone,
compressed cement or sandwich panel. To perform satisfactorilyyebdfe
structural analysis, curtain wall system must meet sevepeformance
requirements.
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An analysis of the effects of these natural forces revkalsnajor problem areas
to be anticipated. Experience verifies that in the design of edittmrtain wall
system, there are generally three major matters of chief cofiteap.are,

- structural integrity;

- provision for movement; and

- weather tightness.

Of course there are a number of other considerations, most of whidf kss
critical importance and some of which vary in importance with dlcation and
type of building. Let start to review briefly these major ¢desations applying in

all cases.

4.3.1 Structural integrity

Because structural failure may jeopardize human life, the staldntegrity of
the wall may be said to be the primary concern in its designthgustructural
design of curtain wall involves the same procedures as used otharywall, and
deficiencies in this respect are less likely to occur thaitidaeties in providing
for movement and weather tightness requirements, which by compparessent
unique problems in metal construction. Structurally, the requiremestifoess
rather than strength usually govern, and though excessive deformiaagynsn
some cases, lead to damage, such rare instances offaittwalas have occurred

have, for the most part, been limited to faulty anchorage details.

As vertical loads in the wall system are relatively ligtitictural design is chiefly
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a matter of providing proper resistance to lateral wind fortag is a routine
procedure provided that the nature and magnitude of the wind loads are known.
But herein may cause the problem. There are a fairly good kdgevlef wind

loads on low and medium height buildings but still have much to learn #iut

nature and intensity of such loads on tall structures.

It is well known that maximum wind velocities, and consequently desigd

loads, vary not only with geographic location but also with height alose
ground. It is less generally recognized that the nature of bil&ling’s
surroundings, suburban character or dense urban building, are even more
important influences on wind action. Another fact not generally rezegnieven

in some of the major building codes, is that the wind loads, actinigeoskin of

the building are of a different character and magnitude than thosé wbvern

the design of the building frame. As compared with the overall desagis, those
acting on the wall are more severe in intensity, have a fgpeather than

cumulative effect, and change more drastically and more rapidly. (AAMA 1996)

Often too little significance is attached to the negative vaadiing, or suction
forces, acting on the wall, and the fact that internal buildingspres due to air
conditioning may augment such forces. Many designers tend to thinkironly
terms of wind pressure, whereas in fact, even with moderate wirmls, ahthe
total perimeter wall surface of a rectangular buildingksly to be subjected toa

vacuum than to pressure.

On high-rise buildings, these negative pressures are usually maxieamnthe

building corners, where they may be more than twice as graaygsositive load
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on the wall. When wind damage does occur, it is more often in the dbran
blow-out than a blow-in. This explains why the most common deficiency i
structural design is the failure to provide adequate resistgrazécularly in

anchorage details, to the suction action of the wind.

4.3.2 Provision for movement

A most important consideration in designing any aluminium curtaifl wwa
necessary to ample provision for movement. No building is a dtatig, tand this
goes double for metal curtain wall. Movement is constantly taiage, such as
movement within the wall components themselves, relative movemenédretw
the components, and relative movement between the wall and building foam
which it is attached. These movements are caused not only byrétonpe
changes, but by wind action, by gravity forces and by defoomstior
displacements in the building frame. To disregard such movementsigmidgs

the wall is an urgent invitation to trouble.

The effect of temperature changes is of course uniquely sigmifioecause of the
relatively high coefficient of expansion of aluminum, but the amount dfi suc
movement is predictable. In most parts of the country, the probeddersal range
of metal surface temperature is at least 150F, and in someatpagg be as much
as 200F. This translates into a movement of from 1/4” to 5/16” in a 10efogth

of aluminum. In a sheet of glass used alongside the aluminum tbenarof

movement will be less than half as much. (Quirouette 1999)
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Movement due to the other causes mentioned are generally not telgcura
predictable, but may be equally significant. Whatever the causegvieowthe
problem of providing for movement reduces to the problem of joint design,
because it is at the joints that movement must be accommodataecolines
axiomatic, therefore, that the secret of a functionally suftdesstain wall lies in

the design of its joints.

Consequently, the detailing of the joints is the most critical, citeth the most
difficult aspect of any curtain wall design. It dose not nerdggollow, however,
that by using larger wall units and thus fewer joints the proléhioe simplified.
This is seldom the case. The larger the units, or the longer théeng the
greater will be the amount of movement to be accommodated ateaghand

this tends to complicate, rather than simplify the joint design.

Provision must be made, of course, for both vertical and horizontal movement
the plane of the wall, either by some kind of slip joints or bellows action. Itéhoul
be recognized, though, that expansion and contraction are not ndgessari
translated entirely into displacement. In some situations thepeabsorbed, to
some degree at least, by increased stress within the memabalting in a
calculated deformation, and often they are accommodated by a @tioiiof
stress and deformation. Except in a few cases, however, religooce stress
increase alone to accommodate expansion is not advisable, as\exbessling

or buckling may result.
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Mullion (Female)

Glass Panel
Aluminum

Bracket Aluminium

Cast-in Channel

Mullion (Male)

Fig.14 — Fixing details of unitized curtain wall system

Figure 14 shown the fixing detail of unitized curtain wall sgstwith slot hole
design at the connection, these design involved the movement concern and
concrete tolerance of the system. In this figure, male mulliocates the vertical
member of left side unitized curtain wall panel while femailglion is from right

side curtain wall panel.

4.3.3 Weather tightness

Weather tightness means protection against both water leakagx@assive air
infiltration. It depends in large measure on adequate provision for moveame
is closely related to proper joint design. Undoubtedly, a major shaliffiofilties

experienced with metal curtain wall over the years has beenodile lack of

weather tightness. Water leakage was an all-too-common ocaceliretie earlier
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walls, due to faulty design, materials or workmanship, or a combinatitrese.
But with improved materials and design techniques its preventsn now
become the rule rather than the exception. By comparison, excagdeakage is

les critical and more easily prevented.

Large wind load causes rain water to flow in all directions ekerwindward
surface of a panel, and on surfaces of impervious materials mutheaofls to
collect at the joints, the major points of vulnerability. Earlyhia history of metal
curtain wall experience it became apparent that to provide atkjai their outer
surface with a permanently waterproof seal was essentigigssible, because of
their continual movement, and this approach to weather tightness was soon
abandoned. Instead, two other methods have been developed for preventing
leakage through the wall, and either of these, when intelligapplied, is highly
dependable. One is referred to as the ‘internal drainageeoonslary defense’
system, and has long been used by competent designers, examplerskmunei

16. The other is the ‘pressure equalization’ method, a more recszibpiment in

metal curtain wall technology, refer to figure 17.

The internal drainage method is based on the philosophy thaimpiagtical if
not virtually impossible to totally eliminate, for any lengthtiofie, all leakage at
all points in the outer skin of the wall, but that such minor leakagebea
prevented from penetrating to the indoor face of the wall or even remairtimg wi
the wall. This is accomplished by providing within the wall itselystem of
flashing and collection devices, with ample drainage outlets to tdeauface of

the wall.
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Fig. 15 — Drainage path in unitized curtain wall system
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Fig.16 — Design concern of weather tightness in unitized curtain wall system

The method of pressure equalization, based on the ‘rain screen prin@ple’
generally a more sophisticated and complex solution, but is clabgeds

proponents to be completely infallible when properly applied. It reduthe
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provision of a ventilated outer wall surface, backed by drainezpatres in which
pressures are maintained equal to those outside the wall, withdtb@a face of

he wall being sealed against the passage of air. An example is showrenifg
The successful use of these methods depends on a clear understantlieg of
action of wind driven rain, careful detailing and, of course, propealiason.

And in both cases ample weep holes or drainage slots, stratedicatgd and

properly baffled, play a critical role.

@

Fig.17— Design concern of pressure equalized in unitized curtain wall system
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434 Moisture control

Because metal and glass are not only impermeable to moisturéuantighly
efficient vapor barriers, but also have low heat retention cap#ugycontrol of
condensation is essential in any metal curtain wall design. $Jpteper controls
are provided, moisture, or even frost, may occur on the indoor face wfathe
and condensation may collect within the wall, causing damage waictbhecome
serious before it is detected. Fortunately, the control of moisisirea
comparatively simple matter, provided that the problem is anticipated

preventive measures are incorporated in the wall when it is built.

An understanding of the causes of condensation, where it will ldedyr, and
how to minimize its potential damage is essential, if troubte Ise avoided. But
to explain these matters is beyond the scope of this summaryvreniended
only to flag out the importance of the matter. In capsule form,irttportant

precaution to be remembered are as follow:

A vapor barrier should be provided on or near the indoor side of the wall,

- Impervious internal surfaces should be sufficiently insulated to Kesp
warmer than the dew point of the air contacting them;

- Provision should be made for the escape of vapor to be outdoors; and

- The wall should be so detailed that any condensation occurring withit i

be collected and drained away.
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435 Thermal insulation

In some cases the insulating value of the wall may be one oha@ design
considerations, an example refer to figure 18. Whether to reducdossaand
prevent condensation in cold weather or to minimize heat gain and air
conditioning cost in hot weather, reduction of the overall U-valuthefwall is
usually a good long-term investment. Metal and glass are miatenihich
inherently have low resistance to heat flow, but with proper attent details
aluminum curtain walls can be designed to provide good thermal parioen
Generally this is accomplished by minimizing the proportion ofamgaming
members exposed to the outdoors, eliminating thermal short cirguiteeéns of
‘thermal breaks’, using double rather than single glazing, and provighog

insulation | the large opaque areas of the wall.

Aluminium
Mullion Featur:
50mm thk Glass panel
Insulation (IGU)

3mm thk

Backpan

Fig. 18— Insulation installed in unitized curtain wall system
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4.3.6 Sound transmission

Under normal conditions, even in densely built urban areas, metal cudfm
compare favorably with any other wall construction having equivalent
fenestration, as a barrier to airborne sound. However, the increasingrn with

noise pollution and the mushrooming of building near airports has focused
attention on the need for ‘soundproofing’ exterior walls. According tdaiveof

mass, the transmission of sound through any barrier is inversgprional to

the mass of the barrier, and any lightweight construction suchega curtain

wall can claim no natural advantage as a sound barrier. But avigfut detailing,
based on an understanding of the principles of sound transmission, aluminum

curtain walls have been designed to provide quiet enclosures near many.airports

It must be remembered that the efficiency of a barrieirbmane sound depends,
in large degree, upon its weakest link, and the weak links in most avallglazed
areas and openings, however small the latter may be. Wheré aldugee of
sound insulation is required, air leakage through the wall must benrpéd, and

double glazing, well separated and sealed, is usually essential.

4.4 Glass and glazing

Unitized curtain walls often provide the appearance of beingadsgSome are
glass with metal spandrel covers and some curtain walls incorporatte dazing
panels in the spandrel frames. The glass of vision areas andsseoflspandrels
and stone facings are specialty products.
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Glass for curtain walls is available as float, tinted (hésbebing), wired glass,
patterned and cathedral glass. Float glass may be heattteabecome heat
strengthened glass or tempered glass to provide greateamesisb thermal and
mechanical stresses. For greater safety, laminated igladso available. Vision
glass is usually fabricated from float glass. However,ddittonal strength or
safety is required, then heat strengthened, tempered, lathmatére glass may
be used. Vision glass may be heat absorbing (tinted) or heattnedl (coated).
Laminated glass or wire mesh glass are used for impaenbgstr and fire

resistance.

Vision glass for a curtain wall may be single, double ordrgihzed. In general,
vision glass is clear. It is available in various thicknessds, hetween 6mm to
25mm thick. It is usually assembled into an IGU to provide heat todseat gain)
control and better condensation resistance. To describe glass products, the industry
has adopted a standard method of surface identification for single, double

laminated glazing units.
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Fig. 19— Cross section diagram to show different types of glass (Quirouette 1999)
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A typical IGU consists of two layers of glass with a spacer betweepanes. The
spacer separates the glass panes to a uniform cavity thicKinesspacer bars
may be metal (aluminum) or non-metallic (fiberglass). Filzesgkpacers are used
to reduce heat loss at the edge of the IGU or to increasmdite edge glass
temperature. They are usually filled with a powder that absorbsidiiym
(molecular sieve or desiccant) to absorb the residual moistutlee cavity air
between the two layers of glass following its fabrication. In gétleegpoweder is
placed in all four bars and it lowers the dewpoint temperature df3decavity

air to -60 degree C or less.

The glass panes are held together with either a single aepblysulfide,
polyurethane or hot-melt butyl or with a dual seal consisting ofnaapy seal of
polyisobutylene (PIB) and a secondary seal of silicone, polysultide
polyurethane. The primary seal is the vapour barrier seal an@d¢bhadary seal
holds the glass panes together. The secondary seal may bel dppsiedepth

(glass bite) of 6mm to 10mm.

Spandrel glass is often a single layer of heat-strengthdaed gith a metallic
coating and a polyester opacifying film. The film and coating progpkndrel
glass color and safety in case of breakage. Glass thicknessoatidgs of
monolithic spandrel glass vary with the application. A spandrel rmsaalso be
enclosed with an IGU to provide uniform color matching of the vision and

spandrel.

Architect or designer usually specify IGUs for the visioeaarThe units may be
as simple as double glazed clear float glass with a nfediaks and double seal at
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the edge or one surface of the IGU may be coated with a lowtdtiabait may be
gas filled with argon and equipped with a super spacer for incréasalue. The
type of units, its purpose and performance requirements should be disaiise

the glass supplier.

The installation of an IGU usually requires a clear space of 12mound the
perimeter of the glass. The edges must not come in contdcamyt metal parts
and fasteners must not penetrate into the glazing cavity. |GJmstalled on
EPDM, silicone, or neoprene setting blocks, minimum 100mm long by 20mm to
25mm wide (depend on thickness of IGU) by 6mm thick. If silicone id asehe
secondary seal of an IGU, neoprene setting blocks must not be spémifibis

application.

Glass usually does not break without a reason. Projectiles, centhanetal at

the edge, excessive torquing of pressure plates, high wind laddgeake load

and differential heating are some reasons for breakage. When the outer pane or the
inner pane of an IGU breaks, it is sometimes referred to asydhdreakage.

Glass breakage of this type occurs when the temperature cénter of the glass

rises above the temperature of the edges (sometimes dauseep shading) by

30 degree C or more. This can also occur when the sun rises ta V@oelow
following a cold night. As the center of the glass warms uprfélséen the edge,
breakage may occur when the temperature difference betweeentes of the

glass and the edge exceed 30 degree C. Similarly, when the outdoor temperature is
cold and the indoor surface of an IGU is heated by convection air the
glass-to-edge temperature difference may exceed 30 degtéeaCstrengthened

and tempered glass do not break when subjected to a temperatusndéfef 30
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degree C.

While glass breakage may occur occasionally, the most fregaese of failure
of an IGU is moisture. When the bottom edge of an IGU is immeansedter for
an extended period of time, the water attacks the seals ang fflalivs glazing
cavity air to leak in to the IGU cavity space, eventuadtlgging or streaking the
surfaces between the glass panes. When this occurs thereesonose except to
replace the IGU. The most frequent causes of excessive wetee®e absence
of a drained and vented cavity and/or excessive amounts of sealaatglazing

cavities which block drainage paths to the outside.

4.5 Conclusion

The unitized curtain wall system is a marvel of engingedand architecture. A
totally non combustible system of glass and aluminium requiring nmaini
maintenance and providing years of aesthetic quality and building opevel
performance. It is most advanced exterior window wall systeniahla for
buildings. Most curtain wall suppliers and glazing companies provide the
necessary expertise and production capabilities to construct aydoualding.
However, no architect/designer should design or prescribe a curiisystem
without a general understanding of the characteristics of glagsaluminium
curtain wall technology, in particular the assembly requiremsentgeduling and

testing of the curtain wall in situ or in a laboratory.
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CHAPTER 5

ANALYSIS OF UNITIZED CURTAIN WALL SYSTEM

5.1 Introduction

This chapter will demonstrate the analysis of unitized curtailh sygtem in
virtual construction project with my case study. Finite elememnt structural
analysis will be used for analysis the system. The fingmeht analysis method -
Strand 7 was used to study the behavior of glass panel inl\adndition. And,
structural analysis method — Space Gass was used to study hireiobeof

mullion and transom of unitized curtain wall system in virtual condition as well.

5.2 Case study

Project location: MTR Kowloon Station, Hong Kong, China

Tower Name: Cullinan
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Fig.20 - Project Photo of “Cullinan”
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Fig.21 - Elevation plan of “Cullinan”

52



5.2.1 Wind Pressure Calculation:

The maximum height of this project is about 243 meter. AccordirfgCode of
Practice on Wind Effects in Hong Kong 2004” (refer to Append)x the wind

pressure are derived as follow.

Maximum height of building = 243m

Basic wind pressure = 3.3kPa

For edge zone of the building,

Pressure coefficients, Cp = -1.4 (suction) and +1.0 (pressure)
So,

Design wind pressure = -1.4 x 3.3 = -4.62kPa (suction)

And =+1.0x 3.3 = +3.3kPa (pressure)
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5.2.2 Glass design

Fig. 22 — Part of elevation of glass panel

1)

Vision Glass Design Criteria:

Figure 22 is extracted elevation plan, the largest size&smih glass panel is
1700mm x 2350mm.

According to the selection of the Architect, IGU with Fullgnipered Glass
will be used.

IGU consist of two layers of glass with a spacer betweepdhes, air was
filled in between two layers of glass. Thickness of the spacé2mm. To

design of glass panel, Strand 7 will be used for finite element analysis.

According to the requirements of Hong Kong Building Departmesstirae
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wind load will be share by 2 layers of glass, then each glassried 50% of

wind pressure.

- 4-side support of the glass panel by mullions and transoms.

- Glass analysis by linear static of Strand 7.

A) Loading Diagram:

Fig. 23— Load Diagram of vision glass (Strand 7)
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Loading data summary:

- Loading pressure = 4.62 / 2 = 2.31kPa
- Glass thickness = 10mm
- Glass size = 1700mm x 2350mm

- Glass with 4 sides supported by mullions and transoms

B) Deflection Diagram:

Fig. 24— Deflection Diagram of vision glass (Strand 7)

According the requirement of Hong Kong Building Department, the cefte
limit for glass is Span/60 or 25mm, whichever the smaller.

From the result shown in the figure 24, Maximum deflection = 22 mimghnis
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small than either 28mm and 25mm. So, the result is accepted.

From the contour deflection diagram, the maximum deflection isddcat the
centroid of the glass. Since the glass was supported by 4 sidesestheis

acceptable with the maximum defection at centroid.

C) Stress Diagram:

Fig. 25— Stress Diagram of vision glass (Strand 7)

According to AS 1288, the stress limit for Tempered Glass is 49MPa.
From the result shown in the figure 25, Maximum stress = 37MPahwki

smaller than 49MPa. So, the result is accepted.
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From the contour stress diagram, the maximum stress is |aafiear corners of
the panel. Also because of the panel was supported by 4 sides, shengla
deformed inward from the centroid when normal pressure force appliedeon t

glass.

D) Impact load calculation:

Since it is a project in Hong Kong, refer to Hong Kong Buildingr(§truction)
Regulations, Chapter 123B Regulation 17 Table 3, Imposed loads on protective
barriers. Since these two towers were commercial and residersged, so
non-crowd impact load was considered at the glass panel. Theeragquis for

this regulation was drafted as follow:

Usage Uniformly Uniformly Concentrated loacl
distributed load to  distributed load applied on any part
be applied at a |applied on the infill of the infill
height of 1.1m | between floor and between floor and

above floor level top rall top rall
kN/m run kPa kN
Areas where crowd 0.75 1.0 0.5

load is not expected

) Loading diagram

The above three different requirements are applied in each panel

respectively.
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Fig. 26 — Load Diagram of glass during 3 different conditions of impact load
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II) Deflection diagram:

Fig. 27 — Deflection Diagram of glass during 3 different conditions of impact load
From the result shown in the figure 27, Maximum deflection = 5.2mm,hwkic

small than either 28mm and 25mm.

[ll) Stress diagram:

Fig.28 — Stress Diagram of glass during 3 different conditions of impact load

From the result shown in the figure 28, Maximum stress = 14.5MPahvisi
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smaller than 49MPa.

For vision glass unit, IGU 10mm Tempered Glass + 12mm Air Spat@mm

Tempered Glass was used.

2) Spandrel Glass Design Criteria:

- From the elevation plan, the largest glass plan size is 1700@&9mm.
From the selection of the Architect, Monolithic with Fully Tempe@&ass
was used.

- 4-side support of the glass panel by mullions and transoms.

- Glass analysis by linear static of Strand 7.
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Loading Diagram:

Fig. 29— Load Diagram of spandrel glass (Strand 7)

Loading pressure = 4.62kPa
Glass thickness = 10mm

Glass size = 1700mm x 950mm
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Deflection Diagram:

Fig. 30 — Deflection Diagram of spandrel glass (Strand 7)

From the result shown in figure 30, Maximum deflection = 5.7mm, wkicmiall
than either 15.8mm and 25mm.

So, the result is accepted.

Stress Diagram:

Fig. 31 — Stress Diagram of spandrel glass (Strand 7)
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From the result shown in the figure 31, Maximum stress = 25MPahwki

smaller than 49MPa. So, the result is accepted.

For spandrel glass unit, Monolithic 10mm Tempered Glass was used.
5.2.3 Structural modeling

[)  Aluminium Mullion design

After analysis of glass properties, the behavior of vertitraictire for curtain

wall will be analyzed by Structural Analysis software — Space Gass.

O

Span = 3.3m

Support to the
concrete strucutre

O

Fig. 32 - Cross section details of the elevation of curtain wall system.
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Usually 4 floors of vertical member of curtain wall will be enlodgr analysis by
structural analysis program, refer to figure 33. Since, the sugpadition of
vertical member is similar to the behavior of continuous beam, sarthkysis
result of 4 floors vertical member is nearly 90% true for alstuiandition. It is
true that full condition selected for modeling, the result willnbere accuracy.
However, as this case study, the tower contaifisfie@r, it will cause more time

consuming for whole tower analysis.

4th

Fig. 33— Space Gass model for mullion with 4 floors

65



Structural model criteria, refer to figure 33:

- Member between Nodes 1 to 2 is a starter of curtain wallraydtas used
for stabilize the whole structure.

- Members between Nodes 3 to 4 is whole mullion for one unitized curtain
wall between 2 slab floors. Similar combination for other members

- Stack joint is located in between two whole mullions. Vertical laad

moment will be released.

Data Input:

Basically, mullion will take wind loading, the distribution areawohd load are

shown as the highlighted portion of the following sketch in figure 34:

Fig. 34— The most critical distribution of wind load for mullion
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a) Node coordinates

Table 1 — Node coordinates of mullion

b) Node Restraints

Table 2 — Node restraints condition of mullion
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c) Member end release

Table 3 — Member end release condition of mullion

d) Section properties

Input of section properties will follow the following mullions design in figure 35.

Fig. 35- Cross section and section properties for mullion of curtain wall.
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e) Load case

Table 4 — Load case for mullion

Table 5 — Combination load cases summary for mullion

Noted
- Self weight of mullion will be added up 20% for including the wmeigf
transom and glass.

- According to BS8118, Loading factor is 1.2 for aluminium structure.
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f)  Member distributed force

Table 6 —Member distributed force summary for mullion
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Result Output:

a) Deflection diagram:
According to the requirement of Hong Kong Building Department, theceih
limit of non-factored load case for Aluminium Structure is Span/180.

For this case, deflection limit = 3300/180 = 18mm

For load case 11

Fig. 36 — Deflection diagram of load case 11 for mullion
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From the result shown in figure 36, maximum deflection = 6.63mm < 18mm

So, result is accepted.

For load case 12,

Fig. 37 - Deflection diagram of load case 12 for mullion

From the result shown in figure 37, maximum deflection = 9.28mm < 18mm
So, result is accepted.
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From the above deflection diagram for 2 cases in figures 36 and 3Aaxm@um
deflection is located at the last span of the model in load cadea@.case 12
involves mullion its self-weight and wind suction load, the maximuifteckson
occurs at load case 12 since the wind suction load is largemtihdnpressure

load. The deflection pattern shall be similar between each 2 floor slabs.
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b) Moment Diagram

For the load case 21,

Fig. 38 — Moment diagram of load case 21 for mullion

From the result shown in figure 38, maximum moment = 5.163kNm
Stress = 1.2 x Moment / Elastic modulus

=1.2x5.163 x 106 / (100594.798)

= 61.6 MPa < 110MPa (Grade 6063-T5 of Aluminium)
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For the load case 22,

Fig. 39 — Moment diagram of load case 22 for mullion

From the result shown in figure 39, maximum moment = 7.232kNm
Stress = 1.2 x Moment / Elastic modulus
= 1.2 x7.232 x 1076 / (100594.798)

= 86.3MPa < 110MPa (Grade 6063-T5 of Aluminium)

From the above moment diagram for 2 cases in figures 38 and 39, thmaumax
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moment is located at the last span of the model in load caseodd. dase 22
involves mullion its self-weight and wind suction load with load fadofor
aluminium material, the maximum moment occurs at load case 22 thieavind
suction load is larger than wind pressure load. The moment pattern shall be similar

between each 2 floor slabs, and with zero moment at each stack joint.

Node Reaction

Table 7 — Node reaction result for mullion

Facade Engineer will used the node reactions for fixing supplmtlation, such
as support bracket, anchor bolts, washer, flashing, welding, etc. And the result also

used as concrete design by Structural Engineer.
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) Aluminium Transom Design

Transom at stack joint are selected for calculation.

Fig. 40- Cross section of stack joint for transom

Data Input:

- Dead load will only be considered to add on the upper part of theotra

only. Dead load included glass weight and transom’s self-weight.

Fig. 41- Section properties for upper part of transom. Dead load will along X-axis.

A spacer called setting block will placed between glase eahgl the transom. It

will locate at Span/4 from each end of the glass.
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Dead load (Point load) at each of 2 setting blocks,

P = (10+10)/1000 x 25 x 2.35 x 1.63 /2 = 0.96kN

Wind load will be carried by whole transom

Fig. 42 - Section properties of transom. Wind load along Y-axis.
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- and the distribution area of wind load are shown as the highlightedrporti

of the following sketch:

Fig.43 — The most critical distribution of wind load for transom

Node coordinates

Table 8 — Node coordinates for transom

a) Node Restraints

Table 9 — Node restraints condition for transom
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b) Load Case

Table 10 - Load case for Transom

Table 11 — Combination load case summary for transom

Noted
- Self weight of mullion will be added up 20% for including the \meigf
accessories, such as screw, supporting angel, structural sealant, instdator

- According to BS8118, Loading factor is 1.2 for aluminium structure.
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f) Loading table

Member distributed force

Table 12 — Member distribution force summary for transom

Node load

Table 13 — Node load for transom
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g) Loading diagram

- Dead Load (Glass)

Fig. 44 — Loading diagram (dead load) for transom
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- Wind load (Pressure)

Fig. 45 — Loading diagram (Wind pressure load) for transom
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- Wind load (Suction)

Fig. 46 — Loading diagram (Wind suction load) for transom
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Result Output:

a) Deflection diagram:

- For Dead load (Glass + Self weight of Transom) - along Y-axis
According to the requirement of BS8118, the deflection limit of notefad
load case for Aluminium beam is Span/360, where carrying brittle finish.

Deflection limit = 1630/360 = 4.5mm

Fig. 47 — Deflection diagram (dead load) for transom

Maximum deflection = 3.05mm <4.5mm

So, result is accepted.
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For Wind Load (Pressure) — along Z-axis

According to the requirement of Hong Kong Building Department, the
deflection limit of non-factored load case for Aluminium Struetus
Span/180.

So, deflection limit = 1630/180 = 9mm

Fig.48 — Deflection diagram (Wind pressure load) for transom

Maximum deflection = 3.05mm < 9mm

Result is accepted.
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For Wind Load (Suction) — along Z-axis
Same as the requirement of wind load (pressure)m

So, deflection limit = 1630/180 = 9mm

Fig. 49 — Deflection diagram (Wind suction load) for transom

Maximum deflection = 3.05mm < 9mm

Result is accepted.
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b) Moment Diagram

For load case 21,

Fig. 50 — Moment diagram (load case 21) for transom

Maximum moment = 1.271kNm
Stress = 1.2 x Moment / Elastic modulus
=1.2x1.271 x 10"6 / (129405.62)

=11.79MPa < 110MPa (Grade 6063-T5 of Aluminium)
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For load case 22,

Fig. 51 — Moment diagram (load case 22) for transom

Maximum moment = 1.78kNm
Stress = 1.2 x Moment / Elastic modulus
=1.2x1.78 x 1076 / (129405.62)

= 16.5MPa < 110MPa (Grade 6063-T5 of Aluminium)
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For load case 23,

Fig. 52 — Moment diagram (load case 23) for transom

Maximum moment = 0.52kNm
Stress = 1.2 x Moment / Elastic modulus
=1.2x0.52x 1076/ (20668.81)

= 30.19MPa < 110MPa (Grade 6063-T5 of Aluminium)

The above is the preliminary checking method for Unitized Curtaith $stem,
including Glass, Mullion and Transom. It do have further calculationsvhole
facade system, such as, bracket, structural sealant bite waiéws and bolts,
anchor bolts, and any other nom-typical condition consideration, etc. However
this paper is focus on the discussion of Unitized Curtain Wall, the above

calculation is useful for preliminary checking for Unitized Curtain Wall
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CHAPTER 6

CONCULSIONS

6.1 Summary

An investigation into the design and analysis of unitized curtalhsystem for
high-rise buildings was presented. Design consideration of unitizeaircuall

system on structural integrity, provision for movement and weatjl@ngss were
discussed. The analyses of unitized curtain wall system by feldément and

structural analysis programme were demonstrated.

6.2 Achievement of aims and objectives

This study aimed to discuss the design consideration of unitizedircuvall
system for high-rise building and to analysis the curtain wgHitem with
structural and finite element analysis software. The majgectives of this

project accompanied with the outcomes of these aims are listed below:

1. Research existing information relating to analysis curtairl sydtem for
high-rise building

The results of an extensive literature review were presemeGhapter 2.

However, much of the research conducted was not aimed at stractalgdis for

curtain wall system.
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2. Research on the history and development of curtain wall system
Research information was completed and Chapter 3 discusses tikagdsaof
unitized curtain wall system compared with stick and semi-uditaetain wall

system.

3. Discuss and research on the design consideration of unitized cudhin w
system for high-rise building.

The study was completed and presented in Chapter 4. Natural tordetheir

effects on curtain wall system are discussed. Three majtenn@n the design

concern on unitized curtain wall system were shown. They aretstal integrity,

provision for movement and weather tightness.

4. Investigation into analysis of unitized curtain wall system faghkrise
building

In chapter 5, analysis of unitized curtain wall system iduair construction

project with finite element and structural analysis were dermairst The finite

element analysis programme — Strand 7 was used to study theduehavglass

panel. And structural analysis programme — Space Gass wagoustadly the

behaviour of mullion and transom of unitized curtain wall system.

6.3 Conclusions

In the discussion of design consideration for unitized curtain wsates), three
major matters which are structural integrity, provision of movenaad weather
tightness are the chief concern for the system. Prior thg@rdesinsideration,
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familiar with the natural effects on curtain wall system is necessary

The results of finite element analysis on glass indicatedthieasize and wind
pressure governed the deflection and stress behaviour of glass.Slally dose
not break without a reason. So, analysis the actual condition on glasshe

construction is major issue of Engineer.

The results of structural analysis on the vertical member itedidhat nearly 90%
of actual condition results can be obtained from only four floors model by
structural analysis software. And also, this software was ovsebitain the biaxial

load analysis results of horizontal members of unitized curtain wall system.

In this study, the unitized curtain wall system was introduced. Avadysis of

unitized curtain wall with finite element and structural analysoftware were

demonstrated.
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Appendix A

Project Specification



FOR:

University of Southern Queensland

FACULTY OF ENGINEERING AND SURVEYING

ENGA4111/4112 Research Project
PROJECT SPECIFICATION

Wong Wan Sie, Winxie

TOPIC: (title) Analysis and design of curtain wall systems for high-rise

buildings

SUPERVISOR: Dr Stephen Liang

PROJECT AIM: The project aims to analyse the curtain wgiitem for

high-rise building with finite element and structural analysis
software.

PROGRAMME: (Issue A, 27 April, 2007)

Collect information on the analysis and design of curtain walls.
Find out the design methods for curtain wall system.

Analyse Glass materials (major component of curtain walljirbie
element software (Stand 7).

Develop structural model for curtain wall system by stmattanalysis
software (Space Gass)

Case study for curtain wall system in some high-rise building projects
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