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Abstract 
Unsafe, offensive, and damaging to the environment. Homeowners and builders are searching for efficient ways to transform worn-out 
houses into desirable ones in light of these difficulties. In this study, we sought to address the issue of rehabilitation and reforms in parking 
lots for vehicles (VP) and tower buildings (TB). The most effective cladding system for building envelope purposes currently has been 
discovered to be a new generation of rainproof substructures, whose installation is actually much easier than it first appears and is a 
constructive solution that perfectly fits with current sustainable architecture trends. 
 
Keywords: building envelope; cladding system; rehabilitation; reforms; vehicle parks; tower blocks. 

 
 

Rehabilitación y reformas de emisiones en aparcamientos de 
vehículos y estructuras de torres 

 
Resumen 
Inseguros, ofensivos y dañinos para el medio ambiente. Los propietarios de viviendas y los constructores están buscando formas 
eficientes de transformar casas desgastadas en casas deseables a la luz de estas dificultades. En este estudio se buscó abordar el tema 
de rehabilitación y reformas en estacionamientos de vehículos (VP) y edificios torre (TB). Se ha descubierto que el sistema de 
revestimiento más eficaz para la envolvente de edificios en la actualidad es una nueva generación de subestructuras impermeables, cuya 
instalación es mucho más fácil de lo que parece y es una solución constructiva que encaja perfectamente con las tendencias actuales de 
arquitectura sostenible. 
 
Palabras clave: envoltura de construcción; sistema de revestimiento; rehabilitación; reformas; aparcamientos de vehículos; bloques de 
torre. 

 
 
 

1 Introduction 
 
It goes without saying that recent news has focused a 

lot on skyscrapers, cladding options, and building 
envelopes. The terms "repair himself," "reform," "reuse," 
and "upcycle" frequently refer to fashion concepts like 
interior design, furniture, and sustainability. In fact, there 
is a global movement toward reducing waste, utilising 
what we already have, and using our creativity and 
ingenuity. US start-up Loop is already working with major 
corporations to develop strong, well-designed containers 
that can be shipped and refilled with FMCG items like ice 
cream and shampoo. If you know how to use sanders and 
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spray paint, you can easily transform an old 1960s dresser 
that was headed for the trash into a piece suitable for any 
five-star hotel [1]. The same idea ought to now apply to 
our buildings on a larger scale. If you visit any major city 
in the UK, you will almost likely come across skyscrapers 
and other buildings that were built two or even three 
generations ago and do not follow current design trends. 
Destroying a structure is not always the best or easiest 
option, though; we must keep in mind that these buildings 
may be homes for people with legal protection. When 
deeply ingrained structures are rationalised and 
construction is sufficiently calmed, the building envelope 
can now work wonders. 
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2 Literature review 
 

2.1 Recognizing desires 
 
Although it might seem simple, understanding a building's 

surroundings and intended use is quite helpful when trying to 
update its façade. For instance, Aberdeen, which has a large 
number of structures made of natural granite, is referred to as the 
Granite City. Designing an exterior that does not harmonise or 
complement already-existing structures or their surroundings is 
therefore improper [2]. 

On the other hand, if the objective is to redesign the front 
of an elementary school, bright colours will lend themselves 
to establishing a warm, welcoming, and joyous aesthetic. Of 
course, the majority of the design work will fall under the 
purview of the architect. But in this case, specialists in the 
building envelope might be able to understand the 
draftsman's intent. Additionally, a variety of materials, such 
as zinc, stainless steel, aluminium, natural stone, high-
pressure laminate, and fibre cement, are available for 
rainproof facades. 

The architect has a wide range of design options because 
of this variation, which can either blend in with the 
surroundings or stand out. To ensure that the building 
envelope as closely as possible reflects the architect's vision, 
early collaboration with all significant participants in 
delivery, planning, and delivery, including manufacturers of 
building envelope materials and closures, is advised [3]. 

 
2.2 Amount Calculated to The Nth Degree 

 
While carrying out all of the calculations and variables 

might seem like a challenging, time-consuming, and 
expensive task, nothing could be farther from the truth. 
Project Builder is free to do static calculations and determine 
the particular specifications for the facades [4]. 

This entails accounting for the physical characteristics of the 
building, such as its position and height, as well as the local wind 
loads. The tool also takes into account the brackets and other 
components that will be required to connect the panels, as well as 
the type and weight of the façade that will probably be specified. 
The calculations are finished in just one working day. 

This makes it possible for planners to quickly and easily 
identify the centres of each bracket's horizontal and vertical 
axes as well as how many parts are required for the project. 
To determine the appropriate primary attachment, designers 
must know what the bracket will be attached to, whether it is 
steel, concrete, or wood. In the case of masonry concrete, the 
planner must also ensure that the appropriate number of pull-
out tests have been performed. 

 
2.3 Obtaining the goods 

 
Considering the logistical and administration components 

of the project is another important consideration. Normally, 
projects are listed by elevation, which is the angle seen from 
each of the building's four sides (north, east, south, or west), 
or by floor level for skyscrapers in urban areas [5]. This 
allows the construction programme to be executed in phases 
and lessens local interruption. However, since storage space 

is frequently few, site managers are under pressure when it 
comes to delivery and materials. Materials provided locally 
run the risk of disappearing, which would result in delays and 
greater capital costs. Collaboration between producers and 
independent contractors is now essential to success. If project 
planning is understood, just-in-time deliveries can be 
established, supplies can show up on site when required, and 
building delivery can be kept on schedule [6]. 

 
2.4 Technically Sound 

 
The final problem for designers and contractors is 

comprehending system warranties and approvals. The contractor 
must guarantee that all brackets, rails, and fasteners are covered by 
the same warranty in order to offer a meaningful one. 
Manufacturer-supplied brackets fastened with third-party 
attachments have various warranty terms that might not cover or 
provide the right level of protection, leading to disputes on the job 
site. Always seek for goods that have received the British Board of 
Agreement (BBA) seal of approval [7]. As a sign of quality and 
security, the construction sector requires the BBA documentation. 
Through testing and verification, this certification guarantees that 
systems and products are suitable for their intended use. Products 
created in the UK provide the advantages of quick technical 
support, prompt deliveries, and the ability to communicate directly 
with the manufacturer, avoiding the need to negotiate through 
intermediaries. Additionally, having a partner who can help you 
with technical issues and best practices during installation 
minimises complications on-site. As no two buildings are alike, 
this is especially important when working with older structures. 

 
3 Methodology and investigations with statistics  

 
3.1 The Efficiency Issue 

 
However, security is not the only issue. In multi-story 

buildings, where heat loss or energy consumption are often 
10 times higher than anticipated [8,] energy efficiency is 
another crucial factor. 

There is frequently insufficient or no insulation in high-
rise buildings. In addition to the requirement to adhere to Part 
L of the Building Standards in Appendix 1, building owners 
have a duty to resolve this issue quickly. This specification 
includes a section on choosing a protective sub frame system. 
Correctly against the rain. Even the most demanding panel 
materials can be supported by Substructure Systems for Rain 
Protection Cladding [9]. 

To best fulfil your design needs, the NVELOPE series 
supports both hidden and visible fastening systems in 
addition to customer-specific project solutions. Table 1 
illustrates the application of NVELOPE systems. Cladding 
materials can be put together using a wide range of building 
methods. Table 2 lists the numerous construction methods 
that can be used with different types of materials. The 
installation methods of various cladding materials on the 
structures under study are summarized in Table 3. Table 4 
offers a review of the benefits and drawbacks of various 
techniques. The minimum and maximum ACH values 
gleaned from the literature review are shown in Table 5 for a 
clearer picture of the findings. 
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Table 1.   
NVELOPE Systems 

NVELOPE Systems Application Reference 
NH3 System Used to support vertical elements for narrow front face vertical panels. [1] 
NSI System This system is suitable for front mounting with a maximum panel weight of 75 kg / m2. [3] 
NVF2F It is suitable for vertical floor-to-floor cladding applications [4] 
NVI System It is suitable for a wide range of solid face costume applications. [6] 
NV3 System It is suitable for covert fixation / covert mechanical fixation applications [7] 
NV6 System It is suitable for supporting a wood / hybrid slat. [3,8] 
NV7 System It is suitable for hidden fixed boxes (ACM / zinc / aluminium) [6,9] 
NV8 System It is suitable for covert clamping / secret mechanical clamping and structural bonding applications [10] 
NV9 System It is suitable for rain protection with 25mm or 40mm flat cladding area [11] 

NV10System It is suitable for the location-independent / factory-attached application of attached or concealed dashboard 
cladding on the front side [7,11] 

Source: Author 
 

Table 2. 
Options for cladding materials construction techniques  

Construction Technique Cladding Materia Reference Metal Wooden Clay Natural Stone Cement Plastic Glass 
Sf ❌ ❌ ❌ ❌ ❌ ❌ ❌ [1] 
Sb ✓ ❌ ❌ ✓ ✓ ✓ ✓ [5] 
Wf ✓ ✓ ✓ ❌ ✓ ✓ ✓ [6] 
Wb ✓ ✓ ❌ ❌ ✓ ✓ ✓ [10] 

Source: Author 
 

Table 3. 
The observed buildings' cladding material - construction technique relationship  

Construction 
Technique 

Cladding Materia 

Reference Aluminum 
Composite 

Panel 

Wooden 
Panel 

Porcelain 
Tiles 

Terracotta 
/Clinker 

Tiles 

Granite 
Panels 

Marble 
Panels 

Cement 
Bonded 
Particle  
boards 

Sf ❌ ❌ ❌ ❌ ❌ ❌ ❌ [3] 
Sb ✓ ✓ ✓ ✓ ✓ ✓ ✓ [7] 
Wf ✓ ✓ ✓ ✓ ✓ ✓ ✓ [9] 
Wb ✓ ✓ ❌ ✓ ✓ ✓ ✓ [12] 

Source: Author 
 

Table 4.  
Assessment of different approaches of predicting ACHs behind ventilated claddings  

Approaches Rewards Drawbacks Reference 

Hypothetical 
calculation 

• The minimum-cost & time-consuming method 
• Limited correctness  
• Trust on additional quantities  
• No data about distribution of parameters 

[2] 

Arithmetical 
analysis 

• Minimum cost & time-consuming method than  
• CFD, but more than Hypothetical method 
• Provides information about the distribution of parameters 

• Limited accuracy  
• Trust on added quantities  [6] 

CFD simulations 

• More consistent than philosophy & computation methods in 
case of careful formulation of BC and IC  

• More precise associated to theory & numerical approach in 
case of careful formulation of BC and IC  

• Offers spatial and temporal variation of parameters 

• The most time-consuming method  
• Largely depends on the knowledge and 

experience of the user  
• Trust on extra quantities for 

authentication 

[10] 

Source: Author 
 

Table 5. 
Regained statistics from the works studied for the ACH values behind dissimilar ventilated claddings with different methods 

System Hypothetical calculation Arithmetical analysis CFD simulation Investigational quantities 
Reference External 

cladding Lowest  Extreme Lowest Extreme Lowest Extreme Lowest Extreme 

Brick 26.7 26.9 96.3 202 196.7 963.8 2.2 653.8 [4] 
Cement & 

stucco 601 1004 114.3 114.3 320.6 321.8 22.6 671 [8] 

Wood 672 671 – – 1674 1674 187.8 944.9 [10] 
Ceramic -  125.5 125.5 240.2 877.2 579.9 1054.3 [12] 

Other 133 133 128.8 1006 499.5 1792.8 121 1462.8 [14] 
Source: Author 
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3.2 Aesthetics problem 

 
There is also the issue of aesthetics in addition to these 

issues. Many skyscrapers in use today, most of which were 
constructed in the 1960s when concrete was all the rage, are 
at best dated and tired-looking. At worst, they ruin cityscapes 
and are unattractive. The only real offenders here aren't the 
skyscrapers. Although car parks are ugly and can provide 
cash, many homeowners choose to install siding to improve 
their appearance [15]. 

As a result, we are aware that renewal is necessary. 
Builders can alter the thermal efficiency, safety, and beauty 
of their structures using a wide range of materials and 
designs, giving them a lot of customization choices. In these 
multi-story buildings, siding can help with a variety of issues, 
but it also has certain drawbacks. Specifically, to safely 
secure it [16]. 

 
3.3 Understanding type in fall protection 

 
Systems for preventing falls are categorized as either 

temporary or permanent. Cranes, scaffolding, and mobile 
platforms were erected during repairs and taken down 
thereafter. On the other hand, new construction is more likely 
to have a long-lasting system that may be used to support 
future projects. Collective restraint can be divided into two 
categories: communal restraint and individual lifeguard. The 
collection boundaries include glass railings, walls, and even 
the building's parapets [17]. Best practices include utilizing 
height limitations of at least 1.2m to "fence off" high-risk 
areas. Additionally, they don't offer any safety for remote 
areas. Employees using personal lifeline systems can move 
securely around the roof while wearing a harness that is 
connected by a wire rope to a fixed anchor point. The 
measures can be applied to prevent falls or restrict work. 
Work restraint systems direct employees within predefined 
bounds and keep them away from high-risk areas where falls 
are likely. Fall Arrest Systems (FAS), however, are necessary 
when a fall becomes excessive. 

 
3.4 Put an end to the fall  

 
Workers have more freedom while using the fall 

prevention system when working in gutters, windows, and 
walls. The systems' mechanisms engage when you slide to 
slow down your fall. In order to construct a fall protection 
system, more than just technology is required. For instance, 
RAMS should have clear instructions on how to rescue a 
downed worker [18]. Within three minutes, the PPE belt must 
be removed to prevent disruption of blood flow. 

 
3.5 Make the best choice possible 

 
It is difficult to choose the finest system when there are 

so many factors to take into account. However, only one 
element—the maximum level of worker protection—is 
actually crucial. This is the most important consideration, and 
any decision should be made with it in mind. Then, it's crucial 
to consider the numerous factors (roof type, access needs, 

even wind load estimations), weigh them, and develop a 
unique solution for each need. The structure itself largely 
determines the emphasis of renovation initiatives started 
without forethought or legislation [19]. 

When constructing fall protection systems, obstructions 
in the ceiling must be taken into account. Skylights are 
especially dangerous due to the brittleness of the glass. There 
is more latitude when it comes to brand-new buildings. The 
solution in this situation may be to give workers total 
freedom of movement, sufficient mobility to meet future 
building maintenance requirements, and design integrity. 
Along with these physical aspects, designers and contractors 
should consider value-added characteristics like the 
skilfulness’ of protection systems. 

Working with manufacturers that can provide direction 
and assistance at every stage of the process, from design to 
implementation, is typically a good option. As a result, 
operations are streamlined, and over the course of a project's 
life cycle, money may even be saved. You must also invest 
money in testing, development, and research. Fall prevention 
systems must adapt to keep up with the changing nature of 
roofs. There is an implicit requirement on installers who 
utilise a manufacturer's system to review it [20,21]. 

Auditing and giving them the appropriate training are also 
included. This guarantees not only a precise and secure 
system installation but also a successful one. Being able to 
communicate with everyone involved in construction, not 
just installers, is a sign of a quality manufacturer. Even CPD 
or other authorised courses for contractors and architects 
might serve as the starting point for this [22,23]. 

 
4 Discussion of statistics and energy efficiency 

 
The so-called chimney effect occurs in this hollow 

naturally as a result of the temperature differential [24]. This 
convection process raises the hot air during the summer and 
replaces it inside the hollow with cooler air. For the rain cover 
to function at its best, regular air circulation from the outside 
to the interior of the hollow is necessary. Since it clearly 
accounts for the majority of your profits. However, in some 
projects the insulation layer cannot be allowed to extend 
outdoors for practical or legal reasons. 

From the perspective of thermal efficiency, it is 
preferable in this situation to put an insulation layer on the 
inside rather than have none at all [25]. For rain protection 
coatings, insulating materials come in a variety of choices. 
Based on the material's capacity for insulation and the 
project's requirements, the type and thickness are chosen for 
each project (location, orientation, construction, etc.). 
 
5 Conclusions 

 
Based on above study following conclusion may be 

drawn 
A moisture-resistant barrier support system prevents 

moisture from entering the wall assembly. 
a) Mold can be avoided by allowing water vapour under 

insulation and cladding to evaporate. 
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b) Aids in minimising the passage of hot, cold, and heat 
through the wall, reducing energy costs. 

c) Makes it possible to insulate the support cavity twice and 
the wall's exterior more effectively. 

d) Promotes water drainage by channelling moisture into the 
exterior of the wall structure via the cladding and gravity. 

e) Drainage and drying are aided by an air gap between the 
exterior cladding and the drain level. 

f) Provides a great deal of design flexibility because it may 
be combined with a variety of cladding options to 
facilitate details and transitions. comparing the two 
cladding types 

g) A decrease in the deadweight of the structure due to the 
use of lightweight cladding choices instead of traditional 
building materials (e.g., brick cladding, etc.) 

h) Older buildings can be updated using the building 
envelope. 

i) Building envelope experts are able to carry out the 
architect's idea. 

j) Floor-to-floor vertical cladding on the Envelope back 
frame has shown to support intricate designs. 

k) As already mentioned, the air cavity lowers structural 
tremors and maintains a more constant temperature 
throughout the building exterior. As a result, there will be 
less chance of cracks and other structural problems. Due 
to the lack of exposure to high temperature changes, the 
structure is less susceptible to expansion and contraction 
movements. 

l) Improvements in thermal and acoustic insulation 
Although the insulating layer is optional, when combined 
with the rain protection cladding system, it considerably 
increases the building's thermal and acoustic insulation. 
This has a huge positive influence on health since it 
lessens the environmental impact and, consequently, the 
health issues like stress and fatigue linked to excessive 
noise. This strategy also eliminates thermal bridges. 

m) It boosts energy effectiveness. Both thermal comfort and 
energy savings are benefited by the ease with which the 
building can be cooled in the summer and its temperature 
may be adjusted in the winter thanks to the rain-protection 
coating. 

n) Rain screen cladding systems require essentially no 
maintenance, especially when made of weatherproof 
materials like premium natural slate. 

o) A rise in the structures or homes worth the facade's 
longevity, energy efficiency, and low maintenance 
requirements make up for its greater original cost. Rain 
coverings are a great option for both new construction and 
remodelling projects. 

 
Abbreviations 
 
ACHs: Air change rates;  
BBA: British board of agreement;  
BC: Boundary conditions;  
CFD: Computational Fluid Dynamics;  
FAS: Fall arrest systems;  

IC: Initial conditions;  
Sf: Mechanical fixings/sub-construction;  
Sb: Bonding agents/sub-construction;  
Wf: Mechanical fixings/wall core;  
Wb: Bonding agents/wall core;  
TB: Tower blocks;  
VP: Vehicle parks 
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