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Mechanical fagade systems are among the most flexible exterior envelope solutions for
modern buildings, covering both architectural aesthetics and strict technical performance
requirements. In these systems, the primary load-bearing element is the aluminum or
galvanized steel substructure; the visible skin can be made of aluminum composite panels,
terracotta, compact laminate (HPL), porcelain/ceramic, natural stone or ultra-thin sintered
ceramic panels (sinterflex), depending on the architectural concept.

Each cladding material demands a different fixing method, a different structural requirement
and a different detailing strategy.



The following section illustrates a typical mechanical facade cross-section showing the
relationship between the substructure and the cladding layer. Based on this, we can examine
the logic of mechanical fagade / ventilated facade systems under three main headings.

1. Behaviour of Cladding Materials and Its Impact on
Detailing (Extended)
The chosen fagade cladding material is the key parameter that defines the entire mechanical

fagade detail. Each material behaves differently in terms of self-weight, stiffness, thermal
expansion, water absorption, fixing method, panel size and fire performance.

The first step towards a correct detail is to understand the material behaviour and design
the substructure around that behaviour.

Below are the most common cladding materials used in mechanical facade / rainscreen
cladding systems, together with their technical characteristics and impact on detail design.

Design principles of mechanical facade

systems

|| R

We provide a comprehensive
technical guide explaining the design

==]r
== o=

principles, surface materials,
substructure, thermal insulation,

ventilated facade logic, and structural

calculation criteria for mechanical

facade systems. Details include

ceramic, composite, compact
laminate, ter cotta, and stone
faGad@s.

Archistral Facade
Systems

WWW.SANTIYEADAM.COM
WWW.ARKISTRAL.COM

I — e | [ e ]
EEsTY
‘_\_’
s

Terracotta
Terracotta is a fired clay-based facade material produced at high temperatures.
o Its weight is moderate compared to ceramic tiles and natural stone.

o Panel sizes can be quite large; therefore vertical clip lines and horizontal carrier
profiles must be carefully designed.



o Thermal expansion is relatively predictable; joint widths are typically in the range of
8-12 mm.

o It is installed using rear concealed clips, horizontal rails or vertical channel systems.

o Fire resistance is high (typically A2 class according to EN standards).

Porcelain / Gres Ceramic

e Due to its high density, it offers excellent resistance to impact and surface scratching.

e Combined with mineral wool insulation and a ventilated cavity, it provides a high-
performance exterior envelope.

o Fixing is usually done with undercut anchors or concealed hanging clips.

o Because the material is relatively heavy, carrier profiles must always be selected based
on structural calculations.

e As panel sizes increase, wind suction and pressure effects grow significantly.

Natural Stone (Travertine, Granite, Basalt, Marble)

e One of the heaviest facade cladding options; substructure is often designed in steel.

o Water absorption values vary by stone type, so back-side waterproofing and drainage
are critical.

o Fixing is typically carried out with undercut anchors, stainless steel clips or stainless
steel L-brackets.

o Joint widths must be designed according to stone movement and global building
movements.

Compact Laminate (HPL)

o Lightweight, easy to machine and can be cut to almost any geometry with CNC.

o Offers high resistance to UV, water, impact and chemicals (for exterior use, EN 438
compliance is essential).

o Can be installed with expressed joints, concealed clips or open-joint ventilated
systems.

o Thermal expansion coefficient is relatively high; a minimum joint width of 8 mm is
recommended.

o Ideal for complex geometries such as frame infills, beam-column transitions and
irregular facade lines.

Aluminum Composite Panel (ACP)

e One of the lightest cladding materials available.
o Installed with cassette systems or T-clip / hanging systems.
o Highly formable, which is an advantage on curved or free-form surfaces.



o Joints can be designed with EPDM gaskets, silicone sealant or open joints, depending
on water management strategy.

o Fire classes vary: B1/B2 for standard products, A2 for fire-resistant grades
(recommended for high-rise and critical buildings).

Sintered Stone / Ultra-Thin Ceramic Panels (Sinterflex)

o Essentially an ultra-thin (3—6 mm) and large-format version of porcelain stoneware.

e The combination of low weight and large panel sizes allows a significant reduction in
the number of joints.

e Usually installed with a hybrid system: adhesive + mechanical safety clips (dual
system).

e Smooth surface finishes can provide excellent water-shedding performance.

Fibercement Boards

e Cement-based composite materials reinforced with glass fibre or cellulose fibre.

o Lightweight but relatively high water absorption; therefore, rear ventilation is
essential.

o Fixed with rivets, screws or concealed clips, depending on system design.

e Joints must remain open and rain protection must be solved at the substructure level.

Solid Aluminum Sheets (2—4 mm)

e More rigid and robust than composite panels.

e Provide high precision at CNC bending, tray formation and corner returns.

e Rear stiffeners (omega profiles) are often used behind larger trays.

o If panel sizes become too large, wind loads can cause surface oil-canning unless the
substructure is designed correctly.

Stainless Steel and Metal Mesh Cladding

o High-end, long-lasting metal facade solutions with strong architectural impact.

e For woven or expanded metal mesh, the primary carrier system is usually steel.

o Stainless steel cassettes often use concealed fixing systems and special hanging
brackets.

o Suitable for solar shading, second skin fagades and decorative cladding.

Timber Facade Panels (Thermowood, WPC / Wood-Composite)



e Provide a natural and warm appearance but are more sensitive to UV radiation and
moisture.

o UV-resistant coatings or wood-composite products help extend service life.

e Concealed clip systems are commonly used for clean aesthetics.

o Fire class and certification must always be checked before use on high-rise fagades.

GRC (Glass Reinforced Concrete)

o Very lightweight facade elements made of concrete reinforced with glass fibres.
e Can be produced as large panels with complex three-dimensional shapes.

o Carried by special anchors and steel profiles embedded in the panel back.

o Offers high architectural freedom for organic and curved fagade geometries.

Aluminum or Steel Cassette Systems (Perforated / Decorative)

o Ideal for three-dimensional fagades, perforated metal skins and modular sun-shading
elements.

o Lightweight and fast to install.

o Rear omega profiles provide high stiffness and help maintain flatness under wind load.

How Does This Material Variety Influence Detail Design?
For each cladding material, several basic criteria must be evaluated:

e Weight — Governs anchor design and selection of vertical carrier profiles.

e Thermal expansion — Influences joint widths and spacing of substructure members.

o Water absorption / condensation risk — Makes a ventilated cavity and drainage
strategy mandatory.

e Panel size — Directly affects the layout of the substructure grid.

o Fire performance — Affects the choice of cladding material and compatible
insulation type.

3. Thermal Insulation, Airflow and Building Physics
Requirements (Extended)

One of the most critical aspects of mechanical fagade systems is not the visible outer skin, but
the building physics working behind it. These systems are not designed only to deliver an

attractive facade; they are meant to reduce heat loss, prevent condensation, control water, and
help the building envelope “breathe” in a controlled way.

A properly designed mechanical facade detail relies on three fundamental principles:



1. Continuity of thermal insulation
2. Controlled and continuous airflow in the ventilated cavity
3. Effective management of rainwater and moisture

If these three elements do not work together, the outer envelope will eventually suffer from
blistering, mould growth, condensation, thermal bridges, corrosion of metal parts and panel
deformation.
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3.1 Thermal Insulation (Mineral Wool / EPS / XPS / Glass Wool / Phenolic
Boards)

In most ventilated fagade systems, stone wool (mineral wool) is the preferred insulation
material; however, other types of insulation can also be used depending on climate, fire
regulations and energy-efficiency targets.



Stone Wool (Mineral Wool)

o Fire class A1, making it the safest option for fagade applications.
o Fibre structure provides excellent acoustic performance.
e High vapour permeability helps reduce interstitial condensation.

EPS (Expanded Polystyrene)

e Very good thermal performance but lower fire resistance.
o Used only where local regulations permit and fire class requirements are less strict.

XPS (Extruded Polystyrene)

o Excellent water resistance; widely used for below-grade and foundation walls.
o For facades, it must be combined with appropriate fire barriers and detailing.

Glass Wool

o Lightweight and easy to install, but less rigid than stone wool for external facades.
o Often used between metal studs as cavity insulation.

Phenolic Boards

o Provide high thermal resistance at relatively small thicknesses.
e Available in A2 fire class variants for facade use.

Role of Insulation in Detail Design

e Must be applied continuously across the entire fagade surface.

o Insulation thickness is determined by energy-performance targets (typically 60—-140
mm).

o Fixed with mechanical anchors or nail-type fasteners.

e Since vertical metal profiles create thermal bridges, thermal pads or isolating spacers
should be used wherever possible.

3.2 Airflow in the Ventilated Cavity (Ventilated Facade Principle)

The working principle of ventilated fagades / rainscreen cladding is the continuous air cavity
between the cladding layer and the insulation. This cavity creates a natural stack effect, drying
the facade and keeping the wall construction physically healthy.

Cavity Depth
e A minimum of 20—40 mm is recommended, and can be increased depending on
material, wind loads and system design.

e Air must be able to move freely throughout the cavity without being blocked.

Natural Stack Effect



e Cool air enters from the bottom, warms up behind the sun-exposed cladding and rises
upward.

o This movement carries moisture away from the back of the cladding and the outer face
of the insulation.

Condensation Control

o Thanks to the ventilated cavity, water that accumulates on the internal surfaces can
evaporate and be carried out of the system.

o If dew-point calculations are ignored, back staining and discolouration may appear,
especially behind stone and composite panels.

Key Points for Airflow Design

e Insulation should not protrude into the cavity.

o Perforated profiles or insect screens must be used at the bottom and top to prevent
birds and insects entering the cavity.

e Any obstruction of airflow increases the risk of local condensation and moisture
accumulation.

3.3 Water Management (Rainwater, Drainage and Joint Design)

Where water is not managed correctly, the most common fagade defects are blistering, mould,
surface deterioration, corrosion, panel detachment and loss of insulation performance.

In mechanical fagade systems, water management is based on three principles:

1. Keeping Rainwater Outside the System
o Joints, panel connections and corners must be detailed to minimise direct water
ingress.
o In open-joint rainscreen systems, a second line of defence (rear water barrier
and drainage paths) is essential.
o Inclosed or semi-closed joints, EPDM gaskets or specially designed sealing
profiles are used.
2. Controlling and Directing Any Water That Enters
o Even if some water penetrates the cladding, the ventilated cavity helps it drain
quickly downwards.
o Insulation should never remain in contact with liquid water.
o Vertical profiles should incorporate drainage slots where necessary.
3. Drainage and Evaporation
o Collected water must be discharged at the fagade base through drainage
openings.
o Solar heating supports accelerated evaporation and removal of moisture from
the cavity.

Most Frequent Water-Related Design Errors

e Interruption of insulation — thermal bridges and mould formation



o Insufficient cavity depth — condensation and blistering

e Incorrect joint detailing — water ingress and moisture accumulation behind panels
e Excessive or unsuitable anchors — local deformation of insulation

e Closing or blocking ventilation openings — loss of airflow and increased moisture
o Designing the substructure to “hold water” — corrosion and reduced service life

Each of these issues can lead to significant long-term maintenance costs and visible facade
deterioration.
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4. Key Design and Calculation Considerations (Extended
Technical Guide)

Mechanical facade design lies at the intersection of multiple disciplines: architectural design,
building physics, material science, anchorage engineering and structural analysis. The quality



of a fagade is defined not by the visible cladding alone, but by the engineering correctness of
the substructure and detailing behind it.

When designing a mechanical fagade / ventilated fagade system, the following aspects must
be evaluated carefully.

4.1 Wind Load and Structural Calculations

Wind load is the most critical design input for mechanical fagade systems. In many cases,
suction and pressure forces created by wind are more critical than the self-weight of the
cladding.

Key parameters in wind-load assessment:

o Building height and overall geometry

e Surrounding buildings and terrain roughness

e Regional design wind speeds and exposure category

o Fagade orientation (north / south / east / west)

e Increased local pressures and suctions at corners and edges

o Strength and stiffness of the cladding material (e.g. ceramic bending strength)

Wind loads directly define:

o Profile sections (size and spacing of vertical and horizontal carriers)
e Anchor spacing and anchor type

e Maximum allowable panel dimensions

o Strength requirements for clips, fixings and anchors

If profiles are undersized, the fagade surface may exhibit excessive deflection, joint failure or
even panel detachment.

4.2 Selection of Panel Dimensions
Each cladding material has its own safe limits for maximum panel sizes:

e Ceramic — 600x1200 mm or 1000x3000 mm (depending on product)

e Terracotta — fixed height module, variable widths

e ACP — allows very large panel sizes, but wind design controls the limits

o Compact laminate — often supplied in standard formats such as 13003050 mm

General principle:
As panel size increases, wind load effects grow quadratically, and the substructure must be
strengthened accordingly.



4.3 Geometry of the Substructure
The carrier system is the backbone of the facade design.
Vertical Profiles
e Transfer wind loads from panels to the anchors.
e Section type (T, L, U, omega) is determined through structural calculations.
e Fagade modulation and joint lines should be coordinated with the profile layout.
Horizontal Profiles
e Typically support panel modules and help define the facade grid.
o Influence not only the visual layout but also torsional behaviour of the vertical
carriers.
Thermal Movements
Aluminum and steel expand and contract with temperature changes. Therefore:
e Vertical profiles should have sliding connections where appropriate.

o Horizontal profiles need free ends or movement allowances.
o Expansion joints between panel zones are mandatory on long or high facades.

4.4 Anchor Design and Connection to the Main Structure

Anchors are the critical link between fagade and building. A poorly designed anchorage can
compromise the safety of the entire system.

Key considerations:
o Substrate type (reinforced concrete, lightweight block, brick masonry, steel frame)
e Tension and shear loads acting on each anchor
e Choice between mechanical anchors and bonded (chemical) anchors
o Use of thermal breaks or isolating plates to minimise thermal bridging

e Corrosion risk at anchorage points

An incorrect anchorage strategy can lead to serious safety risks, including panel or
substructure failure.

4.5 Fire Safety Detailing

Fire safety requirements for mechanical / ventilated facades are becoming increasingly strict
in Europe, the UK and worldwide.

Important points:



o Use of Al or A2 class insulation materials wherever possible

o Installation of continuous fire stops at floor slabs and compartment lines

e Prevention of vertical “chimney effect” behind open-joint facades by fire barriers

e Use of A2-class ACP or non-combustible materials on high-rise or critical buildings

Missing or incorrectly designed fire barriers may allow fire to spread rapidly up the facade.

4.6 Condensation and Moisture Control
This is one of the design areas where most mistakes are made.
To prevent condensation:
e Provide a ventilated cavity of 20—-40 mm (or more, if required by design)
e Maintain continuous thermal insulation without gaps
o Evaluate dew-point location and vapour diffusion through the wall build-up
e Avoid flat surfaces that can trap water behind panels; introduce slopes where
necessary
If moisture control is neglected, the result may be:
e Corrosion of metal components

e Back-side staining and discolouration of ceramic or stone cladding
e Long-term degradation and loss of performance in insulation

4.7 Installation Tolerances and Site Practicality
The facade system must be buildable under real site conditions.
Design should incorporate:

e Adjustment range for panel carrier brackets and clips

e Vertical profile tolerances (typically +£10-20 mm)

e Adjustable brackets to compensate for substrate irregularities

e Joint widths designed with 2—3% movement tolerance for thermal expansion

If these tolerances are not considered, site teams will be forced to “re-design” the system
during installation, usually at the expense of long-term performance.

4.8 Corrosion and Material Compatibility
When different metals are in contact, galvanic corrosion may occur.

For example:



o Stainless steel + aluminum — generally acceptable if detailed correctly
e Aluminum + copper — high risk of galvanic corrosion
e Carbon steel + aluminum — insulating layers or tapes are required

For this reason, isolating pads or separation tapes should be used at every contact point
between dissimilar metals.

4.9 Clash Detection and Architectural Integration

A fagade is not just a decorative layer; it is a fully integrated part of the architectural and
structural design.

Key interface zones to coordinate early in the design phase:

e Junctions with windows and doors

o Connections to canopies, horizontal bands and shading devices
e Structural and seismic movement joints

o Interfaces with roof parapets and terrace edges

o Integration of sun-shading systems and support brackets

Conflicts discovered late in the process can disrupt the fagade grid and force costly redesigns
on site.

4.10 Maintenance, Replaceability and Long-Term Performance
One major advantage of mechanical fagade systems is the ability to replace individual panels.
Design should ensure:
o Clip and fixing solutions that allow the removal of a single panel without dismantling
large facade areas
e Clear replacement routes for concealed-fix systems
o Joint geometries that allow easy cleaning and limit dirt accumulation

o Use of corrosion-resistant screws, clips and brackets

These measures significantly reduce life-cycle costs over a 20—40 year service life.



