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Abstract | &

The issue of developing a safe and efficient access strategy considering the context of a
complex shape is addressed. In these cases, all envelope and structure maintenance operations
need careful engineering strategies and planning to develop safe and efficient procedures
while reaching and managing 100% of required surfaces. A good level of interaction with the
architect is fundamental to achieving the best results in terms of integration and efficiency

of the access system. The case study of City of Dreams in Macau, designed by Zaha Hadid
Architects, is illustrated, with the description of the solutions and technologies applied. How
innovative technologies, such as rope access coupled with the development of bespoke devices
and accessories can substantially improve safety, aesthetic impact, cost efficiency, building
maintenance life cycle, comfort for operators, and energy saving is discussed.

Keywords: Building Maintainence, Facade Access, Life Safety, Service Life
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A New Approach for the Facade Access
Issue

Interpreting the spirit of contemporary
architecture, the current design of buildings
is increasingly a continuous research on
aesthetic, functional and technical issues to
give new visions of the built environment.
The actual trend results in impressive
geometries that combine innovation,
creativity and sustainability, where the
technical difficulties require not only a
solution but also aesthetic integration

to create harmonious constructions.
Nonetheless, design and engineering are
two aspects of the same issue that must
necessarily be treated in strict correlation.

Considering these premises, the approach
that should be followed when dealing with

a very technical and operational issue such
as facade access strategy — set forth also by
international regulations (CDM, 2007) — should
not require architects to stifle their creativity,
limit their design freedom or compromise
aesthetics for safety; but to eliminate hazards
where feasible and reduce unavoidable risk,
with an integrated approach that combines
safety first with up-to-date technologies,
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aesthetics and functional issues. To do so,
architects and designers need additional
expertise and experience of the maintenance
process to assess what the potential hazards
will be during construction, maintenance and
cleaning, to assure that there is at least one
safe way of constructing and maintaining
their design, balancing the architectural

and safety needs, for an effective and safe
maintenance system.

In this direction, one of the most promising
access techniques that is becoming more
popular and successful over the last decade
is rope access. Rope access is considered

by HSE UK the safest system for work at
height considering the procedures, and this
is supported by IRATA statistics (IRATA, 2013;
HSE, 2003). Safety, coupled with higher speed
of operation and the possibility of reaching
any point of the building, are extra benefits
greatly appreciated by building owners. It
relies on the most advanced up-to-date
technologies in terms of equipment, and

the workers are highly trained professionals
(Burnett, 2003). The systems required by rope
access are almost invisible when compared
to BMU roof structures and do not change

at all the aesthetics of the building. If this
technology is combined with a suitable
engineering that integrates the strategy

and all the access devices into the design

of the facade from the first phase of the
design process — to make sure that the
access system interfaces effectively with
other technical requirements - the results
are quite interesting, especially for complex
shapes: safety, efficiency, aesthetics and cost-
effectiveness are fully achieved (Kassem and
Mitchell, 2015).

The Rope Access Approach

By using a rope access technique as a method
of work at height, an efficient maintenance
strategy for any shape, height (including
supertall buildings) and size of building can
be achieved, while implementing higher
work-at-height safety standards, leaving
unaltered the geometry originally designed,
and ensuring replacement of all parts of the
building envelope in the course of its life. The
analysis of maintenance strategies should
always keep as main factor the highest safety
standards of work at height: using rope access
we achieve the ability to recover operators

in a very short time, at any position on the
building and at any time of the working
procedure as set forth by international
Regulations, such as Directive 2009/104/

EC (European Parliament, 2005) and Work at
Height Regulations 2005 (HSE, 2005).

The aesthetics of the building are respected
due to very low visual impact of custom
machinery: all that is needed are small
permanent accessories, while other
equipment is temporarily assembled.

Rope access is a versatile system for working
at height. It can usually cope with several
changes of direction by the provision of small
anchor points/deviators on undercuts or
over-hangs. In the case of sloping surfaces, no
additional provision is required as long as the
designer provides for man/weight pressure.

Anchorage versatility is also a strong feature
of a rope access system with considerably
fewer anchors necessary than for cradles. A
well designed rope access system can use
structural features or members not necessarily
close to the part to be accessed.

Flexibility in the number of operatives on-

site at any one time is another prerogative.
This has distinct advantages by shortening

the time needed for both cleaning and
replacement. In addition, set up, moving of
principal anchorage area, and de-mounting
time as well as progression on ropes is quicker.
This aspect implies the benefit of reducing the
time each worker is exposed at height. Finally,
it could also be argued that the less time
required for an area to have people working at
height means that the overall risk is reduced
for all concerned.

The quality of the cleaning is very high. In
the majority of cases, rope access puts the
operative in closer contact with the building,
which allows for greater attention to the
cleaning method, thus ensuring a better
quality of clean.

Rope access generally suffers less damage
from the passage of rope access workers in
comparison to traditional techniques. This is
a result of the controllability of a rope access
worker even in windy conditions, the ability
to absorb small impacts with the building,
and a better control of movements by closer
contact. In any case, proper provisions to
avoid damages to the building are essential
and must be made through the development
of proper temporary edge protections.

Capital costs and operating costs are greatly
reduced compared to equivalent traditional
systems. The simplicity of the system allows
for this normally, avoiding costs deriving from
local structural reinforcements.

The operating costs are reduced as well as
the costs for maintenance and inspection
of the system, as there isn't much to a rope
access system that can be considered a
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permanent feature other than the anchorage
system itself, which rarely has any moving

or electrical parts. The same can be said for
electricity consumption due to the absence
of machines or electric motors, drastically
reducing maintenance time and streamlining
the work processes.

With the exception of the US, where the
hourly rate for rope access workers is the
same of BMU workers (they are part of same
union), in the majority of the world the hourly

Figure 1. General view of the tower (Source: Zaha Hadid
Architects)

B AEMENE (KR Zaha Hadid EHIHH
SFT)

Figure 2. Detail of the facade (Source: Zaha Hadid Architects)
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rate is on average approximately 20% more
expensive. This is balanced however, taking in
consideration the greater speed of operations
(on average no less than two times faster

in our experience). The operational cost is
therefore greatly reduced compared to BMUs.

The City of Dreams, Case Study

The City of Dreams (COD) Hotel Tower is

part of a large-scale entertainment resort in
Macau, currently under construction, built and
owned by Melco Crown Entertainment. The
tower, designed by Zaha Hadid Architects, is

a 40-story hotel with a gross area of 150,000
square meters including guest rooms, suites
and villas, gaming rooms, lobby atrium,
meeting and event facilities, restaurants, spa
and sky pool.

The building is mainly a monolithic block
with a series of voids which carve through
the center of the tower to create a sculptural
form (Figure 1). The shape is completed by
an exposed exoskeleton, separated from the
facade, that wraps the entire building
(Figure 2).

In the interior area an expansive entrance
brings guests inside a 40-meter high atrium.
The building is split between two distinct
cores — either side of the atrium — which
connects to the hotel accommodation floors
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and VIP gaming areas, while panoramic lifts
have views of the voids when ascending the
tower (Figure 3).

The features of the building, especially the
free-form, the exoskeleton, and the huge
and complex internal spaces of the atrium,
make the access strategy an extremely
challenging issue that requires the adoption
of bespoke solutions.

The client and the architect brief was calling
for a rigorous maintenance strategy to
preserve intact the aesthetic appeal over time,
the need for an efficient and rapid reaction
maintenance strategy, and cost effectiveness,
all without interfering with the aesthetic and
structural elements of the building.

The Access Strategy

The main goal is to design a system for the
maintenance that is primarily safe and easy
to use, to allow any qualified subcontractor
that will do the maintenance to operate safely,
easily and efficiently. Standing the complexity
of the surfaces to move on and to reach, the
design of the access system was developed
following some guiding principles that aim to
obtain full safety independently from the skill
of operators. These criteria are those usually
followed also for other access techniques
(Herzog, 2008).

Intuitiveness — all devices to be used and
the methodologies for the progression are
described in detail in the final maintenance
handbook supplied at the end of the
executive design. Nonetheless, the system
must be as intuitive as possible, so that the
possibility of a mistake is minimized, even
in the case that the operative omits some
concepts and instructions reported in the
handbook or if some information is

not understood.

Simplicity — to avoid errors during operations
or complications that can induce the operator
to incidentally or deliberately undertake
actions that can expose himself to risk, the
system must be as easy as possible. This is
done by: a) Reducing the kind and number

of devices that the operator must use; b)
avoiding changes of devices during the
operation; and ¢) avoiding difficult maneuvers
that require extra skills.

Redundancy — each safety device must

be designed with reasonable redundancy
according to the maximum number of
persons operating; in all cases according to
international standards.

Despite the areas'demarcation according

to location and type of fagade, the access
strategy cannot be treated separately for
each zone, but must be addressed globally.
Therefore the external access of the free-form
is connected to the access of the internal
atrium, and the accesses of the various

areas of the internal atrium are connected to
each other.

The conceptual procedure for determining
the access strategy and the access system
passes through the following steps:

1. Establish general routing for each
part: (access, progression, egress) —
this phase is made in coordination
with other consultants and takes
into account operational, logistic and
construction constraints.

2. Define the best operative abseiling
procedure - this is done in strict
coordination with expert abseilers.

3. Define the permanent devices on the
facade (e.g., access hatches, safety devices,
anchor points) — again in coordination
with architects and consultants involved in
the fagcade design.

4. Define specific abseiling tools and the
temporary accessories to use.

[tis very often the case, as for COD, that the
permanent devices on the facade and the
temporary accessories are custom-made to
minimize the aesthetic impact, matching with
the main structure design and optimizing the
performance of the access system.

Figure 3. Internal atrium (Source: Zaha Hadid Architects)
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Figure 4. Bespoke anchor point (Source: FLY SERVICE
Engineering srl)

B4 HEBEESENHER (KR FLY SERVICE
Engineering srl)

For the external facade of COD the main issue
is the complexity of the shape, in particular:

« The free-form is extremely complex and
wide. The anchor points on that part can
be placed only on the steel members that
carries the glass and in specific locations
due to possible clashing with other
facade elements and to structural issues of
the beams.

- The presence of the exposed exoskeleton
that is separated from the facade, — an
approximately square section of side 900
mm, separated from the glass with a gap
of 300 mm - and a cladding that cannot
be used for fixing any anchor point.

These aspects led to a very careful definition
of the access strategy; a 3D study for the
positioning of the access hatches and anchor
points, shared and carefully revised by all
other consultants involved in the facade
design; bespoke anchor points; and brackets
to optimize the integration with the facade.
For example, a special anchor point was
developed for this part of the facade that

has a double function: structural anchoring
and deviating (anchors are the roof mounted
system to carry the load of workers and
materials handling, deviators provide the
ability to move away from vertical lines)
(Figure 4, 5). This special device combines the
need of having the smallest number of anchor
points on the facade with the possibility of
deviating the ropes without knots, which
would have hugely increased the difficulty of
abseiling and the duration of a single climb
down. Special deviators were developed also
for the exoskeleton to minimize the impact
on the structure, fixing the devices on the
internal system of brackets with no impact on
the external cladding (Figure 6).

For the internal atrium, due to the extremely
complex geometry of the internal spaces,
there is a variety of access difficulties ranging
from the free-form facade, to the false ceiling
of the bridges, to the elevators shafts, to a

Figure 5. Deviators in the exoskeleton (Source: FLY
SERVICE Engineering srl)
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Figure 6. Anchor point integrated into the fagade (Source: FLY SERVICE Engineering srl)
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Figure 7. Integration of a linear anchor point into a false ceiling (Source: FLY SERVICE

Engineering srl)

B7. EAIRAEBRAZMSS (R FLY SERVICE Engineering srl)

series of minor but equally important access
problems on smaller areas. All were solved
with a strict coordination with the architect
and other consultants involved. The entirety
of the internal area is made accessible with
rope access.

As an example of embedding of anchor

points, the false ceilings are a good case study.

A series of linear anchor points, specifically
developed, are inserted along the lines

that create the aesthetic pattern, mainly
composed of diamonds. The layout was
shared with the architect to obtain the most
efficient and least visible access system
(Figure 7). The colors are the same as the
ceiling panels, and the anchor points are
conceived into the joint in suitable recesses.

The Replacement Strategy

The complexity of the geometry for almost
all the facade area requires new solutions in

Figure 8. Replacement scheme on curved underhangs with bespoke temporary

accessories (Source: FLY SERVICE Engineering srl)

Engineering srl)

terms of general strategy and for the use of
project specific devices. The conventional
techniques were inapplicable to produce a
correct maintenance strategy for COD, hence
the solutions involved simple and easy-to-use
objects that could ensure the performance
required by the project.

The complexity is augmented by
requirements to strictly respect Zaha Hadid
Architects’articulated architecture.

All solutions were designed with accurate
studies of the geometry, of the distances in
the various areas between the exoskeleton
and the facade, and the necessity to move
in these small gaps the panels that are often
large and thick.

An extensive and careful analysis of the 3D
model has enabled the identification of
different areas requiring location specific
solutions (Figures 8 & 9).

Figure 9. Replacement scheme on underhangs with bespoke temporary accessories (Source: FLY SERVICE Engineering

srl)
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HNAEPE, BTEANS=EZNEE
FHVVER, Rt=E—AR5aE LR
X, MINIEHE B SEIFHIA LS
TR, BAREH IR —RINTEE/NHIXKIA
BEIE/ R ERMFEZAE L. FT
ARXEOHFESEANNS 5211
PRI TINE, ERBREAP ML
BRI B — TR A

BRI —NMRIFIEGIEA LS
e —RIMMHS, BEFEEFNXE
K. EZHHAERAESIMEIRN. BE
B SEAIDHEB M. R
IRERBEMARR. B P ILRIRLL R
(B7) . ERNEESHRIUEE, #s
PRI EGBRIMIER,

BRI

ETHNIESLFATE KIS E Z R LR
R, BEEIRREARIRIIRE T ERE
FHRRRRTI R, BEATENFTER
HefIHRE G R4 ERE, FIRAE S
SRATERBRAR, FIMURERINEZER
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PRSI B R R B S TR
SHERERNESR, 1T HPaE
RE.
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Figure 10. Bespoke device for sliding the glass on underhangs. The device is an articulated plate in carbon-fiber with

sliding Teflon tracks (Source: FLY SERVICE Engineering srl)
E10. ERIELBIKIBINESEE.
SERVICE Engineering srl)

ZERER— AT EIERNRIER, AR FRLEN KR FLY

Figure 11. Bespoke lifting system. The device is fixed on the metallic structure of the facade and has adjustable legs

(Source: FLY SERVICE Engineering srl)

1. ERIRAERS. ZRBEEEEMIENEEEMN LHEEGRRETRARE (KR FLY SERVICE

Engineering srl)

Paths have been strategically devised for
the provisioning of replacement slabs in
every building area including parts hidden
by the exoskeleton. Specific lifting systems
have been developed, including one for

the summit area and smaller ones for
different zones. Bespoke glass handlers have
been engineered for each portion of the
building: some of these handling devices
are connected to the structure of the facade
using magnets (Figures 9, 10 & 11).

Other elements of more common use were
developed, such as protection systems for
the slabs to avoid damage during handling:
all devices were developed aiming at a
widespread application adaptability.

An example of the difficulties of the design
parameters is the fact that using the standard
suction cups for handling of the glass proved
to be impossible because of the narrow

gap between exoskeleton and facade: as

a consequence, special pads adhering to

the glass with double-sided removable

adhesive were developed, allowing the slab
replacement without taking up space. The
complex geometry has also required the
adoption of lightweight sledges in composite

material to move slabs below the exoskeleton.

On these sledges the slabs are pulled by
winches; to lower the friction, Teflon foils have
been applied.

Air force aeronautic technology for carbon
fiber lamination was used to reinforce the
sledge tracks that showed high stress loads
during the finite element modeling analysis.

Every element, tool, accessory and work
procedure was revised by an internal panel
of rope access supervisors to check safety,
comfort and work flow speed.

Conclusion

The design of a complex facade requires
additional expertise for implementing a safe

EaAERIRIIRY T 8E, BTE%
FEAPHER, SREFINEIHEN
or. ERSEFRIER T FHERG, —1
FITTERXE, Eft  \aFHEiREmTH
s RNEXiE. RS EMER T E
IR Hrh— MBI BB BRMAEE
SHNIEAEEE (B9-11)
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R RRER
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ERENIEIRIE . R, RRlsiL T —
PDRIMEREIE L. WEBhERRR
B, BT, BAIERER, M
THEEMA=E. I ZMEZRY AR
R FEEABE AR R FUETR
KBHIMER T IHIER. BIRENL)
BB R, R ERER TR
ANSE.

EERTTERENTE IR RINBIRATS (1
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BRAGME NARRNENARTIOE
k. FEERITERENERE.
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EAREENZ 2NN RIS
Me. SREIEARERRIFMREE, PILA
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BRI AT B AR AR RN E
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and efficient access and replacement strategy.  of the building. It proves to have an excellent access and replacement issues. Rope access

In this sense, it is crucial to proceed with a flexibility to adapt to any shape of the techniques can efficiently solve building
strict cooperation between the architects and  building, and, if the system is well designed structure and envelope maintenance issues
the consultants to minimize the aesthetic in cooperation with the architect from the when supported by high-quality engineering
impact with no effect on safety and as little as  first phases of the design process, it results in and the deployment of innovative

possible on operational issues. Rope access minimally intrusive equipment. In the cases technologies.

proves to be an excellent system for working of complex shapes this is reflected in the
at height with the highest degree of safety for ~ development of bespoke devices that achieve
workers and a minimum impact on the design  very high operational standards for both
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