
www.arkistral.com            Facade Systems System Details  

www.arkistral.com 

Curtain Wall Systems: Components, Details & Technical Working Principles 

Curtain wall systems are among the most advanced façade solutions developed for modern buildings. 

These systems wrap the building with a lightweight yet highly durable external skin, providing both 

architectural elegance and high technical performance. 

The term “Curtain Wall” refers to the principle that the façade is hung onto the main structure and 

does not carry structural loads. 
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The purpose of a curtain wall is not simply to enclose the building. It is designed to: 

• Create a protective barrier against external weather conditions, 

• Bring natural light into the interior in a controlled manner, 

• Improve energy efficiency, 

• Enhance acoustic and thermal insulation, 

• Provide architectural freedom and a modern aesthetic, 

• Offer modularity and fast installation for greater project efficiency. 

 

1. Load-Bearing Frame: Mullion and Transom Structure 

(The Structural Backbone of Curtain Wall Systems) 

The most critical component of a curtain wall is the aluminum carrier frame that forms an invisible 

structural skeleton for the façade. This frame consists of vertical mullions and horizontal transoms, 

creating the structural grid that defines the overall performance of the façade system. 

The carrier frame is the heart of façade engineering, governing load transfer, movement control, 

waterproofing performance and architectural modularity. 

 

1.1 Mullions (Vertical Main Structural Elements) 

Mullions act as the backbone and the primary vertical load-bearing elements of the curtain wall. All 

wind pressures and external forces acting on the glass and panels are transferred through the 

mullions to the anchors, and from there to the main building structure. 

 

Primary Functions of Mullions 

1) Transferring Wind Load 

• Positive and negative wind pressures first impact the glass and are then transferred to the 

mullion. 

• Mullion selection must comply with EN 1991-1-4 and project-specific wind tunnel 

simulations. 

• Bending moment, allowable deflection, stress limits and moment of inertia must be 

calculated. 

Note: 

Incorrect mullion selection → glass deflection → pressure plate distortion → increased risk of water 

leakage. 

 

2) Allowing Thermal Movement 
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Aluminum has a high thermal expansion coefficient. 

Therefore, mullions must: 

• Have fixed and sliding anchors to allow free movement, 

• Accommodate inter-floor differential movements, 

• Include thermal breaks to reduce heat transfer between inner and outer aluminum. 

 

3) Supporting Glass and Infill Panels 

• The weight of the glass is transferred from the transom to the mullion and then to the 

anchor. 

• Mullions must be designed to support both dead load + wind load safely. 

4) Architectural Modularity 

Mullion spacing defines the architectural rhythm of the façade: 

• 1.20 m 

• 1.35 m 

• 1.50 m 

• 1.80 m 

These grid dimensions are determined according to the project’s design intent. 

5) Ensuring Air/Water Tightness & Drainage Performance 

Mullions contain multi-chamber internal structures: 

• Internal drainage channel 

• Pressure-equalization chamber 

• External face 

• Gasket grooves 

Each chamber contributes to the façade’s waterproofing and drainage performance. 

1.2 Transoms (Horizontal Structural Elements) 

Transoms form the horizontal structural line of the façade at each floor level and at the top and 

bottom edges of each glass or panel unit. 

Primary Functions of Transoms 

1) Supporting Glass Weight 

The weight of both vision and spandrel glass rests directly on the transom. 

Thus, a transom must: 

• Have adequate profile height and wall thickness, 
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• Use proper setting blocks to distribute the glass load. 

2) Transferring Wind Load to the Mullion 

Wind forces acting on the glass first reach the transom and are then transferred to the mullion. 

Critical parameters: 

• Correct torque values for pressure plate screws, 

• Structural integrity of transom clip connections. 

3) Managing Water & Moisture 

Transoms are the active part of the rainscreen drainage strategy. 

They must contain: 

• Internal drainage channels, 

• Weep-hole openings to discharge water, 

• Sloped geometry to avoid water accumulation. 

Water is guided to the mullion drainage path and expelled safely. 

4) Establishing Architectural Linearity 

Transoms define the façade’s horizontal rhythm: 

• Spandrel alignment 

• Floor band lines 

• Shading effects 

The façade’s entire horizontal expression is shaped by the placement and appearance of transoms. 

1.3 How Mullions and Transoms Work Together 

The engineering logic of a curtain wall can be summarized as: 

“Mullions carry the load, transoms define the module.” 

Mullions: 

• Carry vertical loads 

• Transfer wind forces 

• Control deflection 

Transoms: 

• Support the glass 

• Manage water and drainage 

• Define horizontal modulation 

This synergy ensures: 
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• High wind resistance, 

• Minimal risk of water infiltration, 

• Reduced risk of glass breakage, 

• Long-term façade durability. 

1.4 Frame Differences in Stick, Unitized, and Ladder Systems 

In curtain wall design, the selection of the framing method—Stick, Unitized, or Ladder—is a critical 

decision that impacts project cost, workmanship quality, installation speed, and overall façade 

performance. 

Although all three systems share the same fundamental mullion–transom structural logic, they differ 

significantly in terms of fabrication method, installation approach, quality control, and logistics. 

Below, the three systems are explained in detail from an engineering perspective. 

A) Stick System 

(“On-Site Assembled Curtain Wall”) 

The Stick system is the most widely used curtain wall installation method globally. 

It is called the “Stick system” because mullions and transoms are assembled piece by piece on the 

construction site. 
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A.1 How Does the Stick System Work? 

• Mullion profiles are installed vertically on-site. 

• Transoms are fixed between mullions at the construction site. 

• Afterwards, glass, pressure plates, gaskets, and caps are installed. 

In short: 

The entire frame is built gradually and modularly on the building façade. 

 

A.2 Advantages of the Stick System 

1) Installation Flexibility 

If dimensions change during construction, profile lengths can easily be modified. 

This is a major advantage in projects with frequent architectural revisions. 

2) Cost-Effective 

• Low fabrication costs 

• No specialized factory setup required 

• Compatible with local suppliers and small-scale manufacturers 

3) Easy Site Accessibility 

Since the frame rises level by level: 

• Minimal crane requirements 

• No need to transport large modules 

• Effective in narrow or congested sites 

 

A.3 Disadvantages of the Stick System 

1) Dependent on Weather Conditions 

Since most assembly is done outdoors: 

• Rain 

• Wind 

• Intense sunlight 

• Frost 

directly affect workmanship quality. 

2) Variable Workmanship Quality 

Every joint, gasket placement, and silicone operation is performed manually on-site → higher error 

potential. 
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3) Longer Installation Time 

Because every component is assembled one by one, overall installation time is significantly longer 

than unitized systems. 

B) Unitized System 

(“Factory-Assembled Curtain Wall Panels”) 

The Unitized system is based on producing complete façade modules—mullions, transoms, glass, 

spandrel panels—in a factory environment and installing them on-site with cranes. 

It has become the standard for high-rise and high-budget projects. 

 

B.1 How Does the Unitized System Work? 

• Mullions and transoms are assembled into panels in the factory. 

• Vision glass or spandrel panels are installed on the module in controlled conditions. 

• EPDM gaskets, silicones, and pressure plate operations are completed entirely in the factory. 
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• On-site work consists mainly of lifting the modules into place and securing them. 

Therefore, Unitized systems are often referred to as “fully factory-produced façades.” 

B.2 Advantages of the Unitized System 

1) Highest Workmanship Quality 

Factory production offers: 

• Dust-free and controlled environments 

• Stable temperature and humidity 

• Precise, calibrated tools 

• Traceable quality control 

This minimizes assembly errors. 

2) Ideal for High-Rise Buildings 

In tall buildings exposed to high wind loads: 

• Pressure plate tolerances 

• Glass security requirements 

• Waterproofing details 

must be performed in a controlled factory environment. 

3) Very Fast On-Site Installation 

Dozens of panels can be installed per day, significantly accelerating construction schedules. 

4) Not Affected by Weather Conditions 

Only the lifting and anchoring process occurs outdoors, making the system far less dependent on 

weather. 

B.3 Disadvantages of the Unitized System 

1) Challenging Logistics 

Panels are large and heavy; transportation requires special vehicles and equipment. 

2) Higher Cost 

More expensive than Stick systems due to: 

• Factory production 

• Strict quality control 

• Skilled labor 

3) Limited Flexibility for Revisions 

Once a module is manufactured, changing dimensions or design details is difficult and costly. 
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C) Ladder System 

(“Hybrid Pre-Assembled Frame System”) 

The Ladder system is a hybrid solution between Stick and Unitized systems. 

In this system, mullions and transoms are preassembled into ladder-shaped frame segments in the 

factory but the glazing and final detailing occur on-site. 

It is widely preferred in medium-rise buildings where both speed and cost balance are required. 
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C.1 How Does the Ladder System Work? 

• Mullions are preassembled in the factory. 

• Transoms are fixed to the mullions to create a “ladder-like” structural frame. 

• Glass and panel installation are still performed on site. 

• The system provides the flexibility of Stick systems with partial factory precision similar to 

Unitized systems. 

 

C.2 Advantages of the Ladder System 

 

1) Faster Than Stick Systems 

Since most of the frame is preassembled, on-site installation is significantly reduced. 

 

2) More Economical Than Unitized Systems 

Only the frame (not the full panel) is factory-assembled, reducing production cost while improving 

quality. 

 

3) Easier Logistics 

Unlike Unitized systems, large full-size modules are not transported. 

The ladder frames are easier and cheaper to transport and maneuver on site. 

 

C.3 Disadvantages of the Ladder System 

 

1) Visual and Air-Water Performance Tests Are Conducted On-Site (Similar to Stick Systems) 

Because the Ladder system does not include full panel production, the majority of quality control 

operations—such as silicone finishing, gasket seating, alignment and water spray tests—must be 

performed at the construction site. 

 

2) On-Site Glass Installation Involves More Risk 

Since glazing is carried out on-site: 

• Silicone sealing errors 

• Misaligned setting blocks 

• Gasket twisting or stretching 

• Dirt or moisture trapped during installation 
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can lead to the same types of performance issues commonly seen in Stick systems. 

Engineering Comparison of the Three Systems (Summary Table) 

Criteria Stick Unitized Ladder 

Installation Speed Medium Very High High 

Workmanship Quality Variable (on-site) Very High (factory-controlled) Medium–High 

Cost Most economical Highest Medium 

Suitability for High-Rise Buildings Low Excellent Moderate 

Logistics Easy Difficult Moderate 

Flexibility for Revisions Very High Low Medium 

Air & Water Performance Medium Highest Medium 

    

1.5 Technical Parameters Considered in Profile Selection 

Profile engineering in curtain wall systems is based on several structural and environmental criteria. 

These parameters ensure long-term durability and compliance with international façade standards. 

Key factors include: 

• Wind load (q) 

• Glass panel dimensions 

• Mullion spacing / axis distances 

• Floor-to-floor height 

• Moment of inertia of profiles (Ix – Iy) 

• Maximum allowable deflection (L/175 or L/250) 

• Thermal break width and insulation performance 

• Safety factors used in structural calculations 

Each parameter directly affects: 

• Mullion strength 

• Transom support capacity 

• Glass stability 

• Air–water tightness 

• System durability 

Profile selection is therefore a critical engineering decision—not a visual or catalog-based choice. 
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1.6 Typical Errors in Structural Framing and Their Consequences 

Mistake Effect on System 

Insufficient mullion strength 
Glass deflection increases, structural silicone delamination 

may occur 

Incorrect transom slope 
Internal drainage fails, water accumulation forms inside the 

profile 

Wrong torque applied to pressure 

plates 
Pressure plate loosens over time, glass may shift or rattle 

Incorrect EPDM gasket placement Air-water leakage, loss of acoustic performance 

Improper anchorage design Risk of partial or full system failure 

For these reasons, the structural frame is the most critical component of a curtain wall system. 

2. Glass and Infill Panels (Vision, Spandrel, Metal Panels) 

Curtain wall systems derive their performance not only from the aluminum structural frame but also 

from the quality and specification of the glass and infill panels that complete the façade. 

The majority of a building façade’s: 

• Thermal performance 

• Daylighting efficiency 

• Acoustic comfort 

• Fire behavior 

• Energy consumption 

is determined by the choice of glass and panels. 

Therefore, selecting the correct infill material is an engineering decision—not a purely architectural 

one. 

2.1 Vision Glass 

Vision glass forms the transparent portions of the façade and represents one of the most important 

architectural elements of a modern building. 

If chosen incorrectly, vision glass may cause: 

• Excessive heat gain 

• Glare issues 

• Energy loss 

• Reduced indoor comfort 

Below are the primary parameters defining vision glass performance: 
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A) Visible Light Transmittance (VLT) 

This represents the amount of natural daylight passing through the glass. 

• High VLT → brighter interiors 

• Low VLT → improved glare control 

Typical office buildings use VLT values in the 30–60% range, depending on façade orientation and 

design intent. 

B) Solar Control (Solar Factor – g-value) 

Solar control coatings help manage the amount of solar heat entering the building. 

• South/West façades → lower g-values are preferred 

• Cold climates or low solar exposure → higher g-values may be acceptable 

Coating technologies include: 

• Low-E (Low Emissivity): reduces heat loss 

• Selective coatings: balance heat gain and heat loss 

• Reflective coatings: significantly reduce solar gain 

C) Thermal Insulation (U-value) 

Most curtain walls use IGU (Insulated Glass Units) for compliance with modern thermal standards. 

Typical IGU configuration: 

• 6 / 8 / 10 mm tempered outer glass 

• 14–20 mm argon or krypton-filled cavity 

• Inner pane with Low-E coating 
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Lower U-values improve energy efficiency and occupant comfort. 

D) Safety and Strength 

Vision glass is exposed to wind loads and impact forces. It must always be: 

• Tempered glass, or 

• Laminated + tempered glass 

Tempered glass: high impact resistance. 

Laminated glass: breaks safely and maintains integrity. 

E) Acoustic Performance 

Using different glass thicknesses within the IGU boosts sound insulation. 

Example: 

8 mm + 16 mm spacer + 10 mm Low-E 

→ provides excellent acoustic comfort for urban and high-traffic environments. 

2.2 Spandrel Panel (Opaque Zone) 

 

Spandrel areas are the opaque façade sections that cover floor slabs and provide visual continuity 

between transparent vision zones. 
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These panels conceal interior elements such as: 

• Concrete floor slabs 

• Mechanical ducts and equipment 

• Thermal insulation layers 

• Structural beams and columns 

Thus, the spandrel zone serves both an aesthetic and a technical function within a curtain wall 

system. 

 

A) Types of Spandrel Materials 

1) Ceramic Frit (Back-Painted) Glass 

• The rear surface is coated with a ceramic paint layer. 

• Provides a fully opaque appearance. 

• Offers visual consistency with vision glass in terms of color and gloss. 

• Spandrel insulation is mandatory to prevent condensation behind the glass. 

2) Aluminum Composite Panel (ACP) 

• Lightweight, durable, and cost-effective. 

• Available in solid color, metallic, woodgrain, or stone patterns. 

• When combined with spandrel glass, it creates a strong architectural contrast. 

http://www.arkistral.com/
http://www.arkistral.com/


www.arkistral.com            Facade Systems System Details  

www.arkistral.com 

3) Metal Panels (Aluminum / Steel) 

• High mechanical strength 

• Can be folded or shaped as required 

• Frequently used in industrial façades or buildings requiring high impact resistance 

4) High-Density Mineral Panels 

Ceramic-based sintered materials such as Sinterflex or Laminam offer: 

• Excellent fire resistance 

• Premium appearance suitable for high-end projects 

• Ability to be manufactured in very large panel formats 

B) Spandrel Insulation Design 

Behind the spandrel panel, the following layers must be included: 

• Mineral wool or polyurethane insulation 

• Vapor barrier membrane 

• Fire barrier 

The most common design error in spandrel zones is: 

     Condensation (moisture accumulation) 

Incorrect insulation design can cause: 

• Staining behind the glass 

• Degradation of insulation over time 

• Reduced thermal performance 

C) Importance of Spandrel–Vision Compatibility 

If the following visual parameters are not correctly analyzed: 

• Gloss level 

• Reflectivity 

• Color tone 

• Light transmission contrast 

the façade may exhibit an undesirable “patchy effect” between vision and spandrel zones. 

For this reason, full-scale mock-up tests are strongly recommended. 

2.3 Alternative Infill Panels 

Curtain wall systems are not limited to glass. Depending on the architectural and technical 

requirements of the project, several alternative panel solutions can be used. 
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A) Aluminum Composite Panel (ACP) 

• Consists of two aluminum sheets bonded to a polyethylene or mineral-filled core. 

• Lightweight and easy to install. 

• Offers a wide range of colors and textures. 

• Commonly used in spandrel zones and full façade cladding. 

• A2 fire-rated mineral core types are preferred for fire safety. 

B) Steel Panels 

• Selected where high impact resistance is required. 

• Used in industrial buildings, logistics centers, or secure facilities. 

• Available in galvanized, stainless steel, or coated options. 

C) Natural Stone Cladding 

• Granite, basalt, travertine, and other stones are anchored to the mullion/transom structure 

using mechanical fixings. 

• Stone weight is high → careful selection of anchors and support brackets is essential. 

• Frequently used in corporate, luxury, or institutional buildings. 

D) High-Performance IGU Spandrel Units 

In some projects, even when an opaque appearance is needed, IGU infill units are used instead of 

panels. 
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Reasons include: 

• Improved thermal performance 

• Preventing heat transfer from interior to exterior 

• Eliminating condensation behind the spandrel zone 

• Enhanced acoustic insulation 

Spandrel IGUs typically feature a ceramic frit or opaque back-coating to achieve the required 

aesthetic. 

 

3. Pressure Plates, Cover Caps & Anchorage Systems 

Although curtain wall systems may appear to be composed mainly of glass and aluminum profiles, 

their actual performance is determined by a group of hidden yet critical connection components. 

Pressure plates, cover caps, and anchorage systems ensure: 

• Secure retention of the glass and panel elements 

• Correct structural load transfer 

• Long-term durability of the façade envelope 

A failure in any of these components compromises both the structural and visual performance of the 

entire façade. 

 

3.1 Pressure Plate 

The pressure plate is the primary mechanical component that ensures glass and panel units remain 

safely in place under wind load. 

It is fixed onto mullions and transoms using external bolts. 

The clamping force generated by these bolts presses the glass uniformly onto the supporting profile. 

 

A) Functions of the Pressure Plate 

1) Safe Transfer of Wind Load 

When wind pressure impacts the glass surface: 

• The load is transferred first to the pressure plate 

• Then from the pressure plate to the mullions and transoms 

Glass never directly bears on the aluminum profile; the pressure plate acts as the intermediary load 

distributor. 

 

2) Stabilizing the Glass Panel 

The pressure plate prevents: 
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• Up-down sliding 

• Outward bowing 

• Movement during installation 

 

Without proper stabilization, glass may vibrate under wind load, causing: 

• Silicone joint failures 

• Air–water infiltration 

• Structural instability 

 

3) Ensuring Proper Function of Gasket Seats 

The pressure plate does not merely clamp the glass; it also ensures that EPDM gaskets remain 

properly seated. 

These gaskets provide: 

• Water tightness 

• Air tightness 

• Thermal control 

 

4) Uniform Load Distribution 

The pressure plate’s width is engineered to ensure that all edge stresses on the glass are distributed 

evenly across the profile. 

 

B) Technical Design Parameters for Pressure Plates 

• Aluminum alloy and wall thickness 

• Bolt spacing (typically 200–300 mm) 

• Required tightening torque (specified by the system manufacturer) 

• EPDM gasket depth and hardness 

• Compatibility with drainage channels 

• Wider plate selection for high wind-load regions 

 

Incorrect torque or poor installation can result in glass disengaging from the pressure plate — a 

severe safety risk. 
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3.2 Snap-On Cover Caps 

Cover caps are clipped onto the outer surface of the pressure plate, serving both an architectural and 

a protective function. 

They define the external lines of the façade while shielding critical structural components from 

environmental exposure. 

A) Functions of Snap-On Cover Caps 

1) Creating Clean Architectural Sightlines 

Cover caps conceal: 

• Bolts 

• Pressure plate edges 

This creates a façade appearance that is: 

• Minimal 

• Modern 

• Symmetrical 

Typical cap widths include 50 mm, 60 mm, 80 mm. 

 

2) Protecting Against Water & Dirt Infiltration 

Cover caps prevent: 

• Direct exposure of pressure plate bolts to rain 

• UV degradation of silicone seals 

• Dirt accumulation in joint lines 

 

3) Offering Architectural Flexibility 

Cover caps can be manufactured in many colors and geometries: 

• Recessed or protruding profiles 

• Oval or sharp-edged forms 

• Deep-profiled architectural trims 

• Anodized or powder-coated finishes 

 

This allows the same system to adopt various architectural identities. 
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B) Engineering Requirements for Cover Caps 

• Locking strength of the clip mechanism 

• Tolerance for thermal expansion 

• Wind-resistance performance 

• UV aging resistance 

• Scratch-resistant surface coating 

Cover caps are not merely decorative—they require precise engineering. 

 

3.3 Anchors & Structural Connection Systems 

Anchors are the most critical safety components in a curtain wall system. 

They transfer all façade loads to the primary structure. 

In façade engineering, the “load path” always terminates at the anchor. 

Any error in anchor design directly impacts the stability of the entire curtain wall. 

A) Functions of Anchorage Systems 
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1) Transferring All Loads to the Building Structure 

Loads acting on the curtain wall include: 

• Wind load 

• Dead load (glass/panel weight) 

• Thermal movement loads 

• Seismic drift 

• Floor-to-floor differential movement 

All of these loads must be safely transferred through the anchor. 

 

2) Allowing Mullion Movement 

Anchors are classified as: 

• Fixed anchors → secure the façade to the structure 

• Sliding anchors → allow mullion expansion & contraction 

If used incorrectly, this leads to: 

• Glass breakage 

• Mullion bending 

• Silicone joint failure 

• Cap disengagement 

 

3) Accommodating Building Settlement 

Large-scale projects may experience 10–20 mm of inter-story settlement. 

Proper anchor design accommodates these vertical movements. 

 

B) Anchor Selection Criteria 

• Concrete grade 

• Floor slab thickness 

• Wind-load zone 

• Mullion section height & stiffness 

• Story height 

• Fire resistance requirements 

• Corrosion resistance 
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Anchorage design is one of the most critical aspects of curtain wall engineering. 

 

3.4 Interaction Between Pressure Plate, Cover Cap & Anchorage 

These three hidden elements form the structural triangle of a curtain wall: 

• Pressure Plate → receives the load from the glass 

• Mullion → carries and redistributes the load 

• Anchor → transfers the load to the building structure 

• Cover Cap → protects joints and completes the architectural line 

Failure in any part of this sequence can result in: 

• Water leakage 

• Glass movement 

• Joint separation 

• Structural deformation 

3.5 Typical Installation Errors & Risks 
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Error Possible Consequence 

Under-torqued pressure plate bolts Glass movement, loss of air-water tightness 

Cover cap not fully clipped Cap detaches under wind load 

Incorrect anchor selection Mullion deformation, structural failure risk 

Gaskets installed incorrectly Drainage blockage, internal water leakage 

Wrong fixed/sliding anchor combination Glass breakage, silicone joint tearing 

4. Gaskets, Sealants & Drainage System 

In curtain wall systems, it is not possible to prevent water ingress entirely; however, with proper 

design, water can be controlled and managed so that the façade continues to perform reliably for 

many years. 

For this reason, gaskets, sealants, and drainage components are among the most critical—yet 

invisible—elements of a curtain wall. 

This section explains in detail how water moves across the façade, where it is directed, and which 

engineering principles are used to control it. 

4.1 EPDM / Silicone Gaskets (Gasketing Systems) 

Gaskets are flexible, high-performance sealing elements that work between the glass and the 

aluminum frame. 

Up to 80% of the air and water tightness of a curtain wall system is achieved through well-designed 

and properly installed gaskets. 

A) EPDM Gaskets 

EPDM (Ethylene Propylene Diene Monomer) gaskets offer: 

• Very high UV resistance 

• Excellent ozone resistance 

• Stable performance between -40°C and +120°C 

• High elasticity, allowing micro-movements between glass and frame 

These properties make EPDM the standard gasket material for curtain wall systems worldwide. 

Functions of EPDM gaskets: 

1. Air Tightness 

Prevent uncontrolled air exchange between interior and exterior environments. 

2. Water Tightness 

Create a barrier between the glass and profile, preventing water penetration. 

3. Accommodating Thermal Movement 

Act as an elastic buffer for movements caused by: 

o Aluminum expansion 
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o Glass deflection 

4. Dividing Pressure-Equalization Chambers 

EPDM gaskets help separate internal chambers in the profile, ensuring that the drainage 

system and pressure-equalization zones operate correctly. 

B) Silicone Gaskets 

In some systems, silicone-based gaskets are used instead of EPDM. 

Silicone gaskets offer: 

• Higher temperature resistance 

• Softer and more flexible deformation range 

• Suitability for slim-profile and minimal frame designs 

They are especially common in minimal, thin-framed modern façade systems, where visual 

uniformity and slim sections are required. 

4.2 Structural Silicones (Structural Silicone Glazing – SSG) 

Structural silicones are used primarily in silicone (structural glazing) façades, where glass is bonded 

to aluminum profiles chemically, rather than with mechanical cover caps. 

These sealants are not standard joint fillers; they are load-bearing structural components that 

transfer all wind loads from the glass to the aluminum frame. 

A) Functions of Structural Silicones 

1) Bonding Glass to the Frame 

In capless structural glazing systems, glass is bonded directly to the mullion and transom faces using 

specially formulated structural silicone. 

In such systems, all load transfer from glass to frame occurs through the silicone joint. 

 

2) Acting as a Structural Element Under Wind Load 

Structural silicone helps prevent the glass from excessive bowing under wind pressure. 

Therefore, the silicone must have: 

• Adequate tensile strength 

• Sufficient elongation at break 

• Proven UV resistance 

• Chemical stability over time 

All of these properties are tested and certified in accordance with international standards. 

 

3) Providing a Clean, Modern Aesthetic 
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Instead of visible 50–80 mm cover caps used in conventional capped systems, structural glazing 

creates a continuous flat glass surface, resulting in a sleek and contemporary façade appearance. 

 

B) Critical Aspects of Structural Silicone Application 

• Glass edge surfaces must be perfectly clean and free of contamination. 

• Primers must be applied correctly and be compatible with both glass and profile. 

• Curing time must be adjusted according to ambient temperature and humidity. 

• Silicone joint thickness and bite width must comply with the manufacturer’s engineering 

calculations. 

• Glass support blocks and dead-load supports must be correctly positioned. 

Improper application can lead to glass detachment under high wind loads, posing serious safety 

risks. 

 

<div class="katalog-gorsel">[STRUCTURAL SILICONE DETAIL IMAGE]</div>  

 

4.3 Drainage & Pressure-Equalized Rainscreen System 

Water management in curtain wall systems is based entirely on the combined principles of drainage 

and pressure equalization. 

The objective is not to stop all water at the outer surface, but rather to allow limited water ingress 

and then discharge it in a controlled way. 

 

A) How Does Water Management Work? 

In a typical curtain wall: 

1. Rainwater enters the system through glass joints, gasket edges, or beneath cover caps. 

2. This water is directed into drainage channels within the profile. 

3. Water runs downward through these internal channels. 

4. It is discharged safely to the exterior through weep holes at calculated locations. 

If drainage is not properly designed: 

• Water accumulates inside profiles, 

• Corrosion begins, 

• EPDM gaskets degrade, 

• Water inevitably reaches the interior. 
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B) Principle of Pressure Equalization 

The principle of Pressure-Equalized Rainscreen is as follows: 

• When the external wind pressure is balanced with the internal cavity pressure, there is no 

driving force pushing water further into the system. 

• This reduces the tendency of water to move inward. 

• Any water that enters the system is then removed solely through gravity and drainage 

openings. 

This principle is standard in all modern curtain wall systems. 

 

C) Key Components of the Drainage System 

• Internal drainage channels 

• External drainage channels 

• Pressure-equalization chambers 

• Gasket barriers 

• Weep holes 

• Transom slope 

• Water stops at profile junctions 

Each component contributes to the controlled flow of water throughout the façade. 

 

D) Common Drainage Design Errors & Their Effects 

Error Result 

Blocking weep holes Water accumulates inside profiles and leaks inward 

Installing EPDM gaskets in reverse Pressure-equalization chamber stops working 

No slope on transoms Water ponds inside the profile 

Incorrect silicone application Drainage paths become blocked 

Clogged drainage cavities Water discharge stops → leakage occurs 

Correct drainage design is the foundation of long-term, trouble-free performance in curtain wall 

systems. 

 

5. Thermal Insulation & Energy Performance Components 
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One of the most important factors determining the overall energy performance of a curtain wall 

system is thermal insulation. 

Poorly designed façades can lead to: 

• Significant heat loss in winter 

• Overheating in summer 

• Condensation problems 

• Increased energy consumption 

• Reduced indoor comfort 

For this reason, modern curtain wall systems use advanced thermal barriers in both the aluminum 

profiles and the infill elements. 

 

5.1 Thermal Break (Insulating Barrier) 

Although aluminum is lightweight and durable, it is also a highly conductive material. 

This property can create thermal bridges in façade systems. 

To prevent this, modern curtain wall profiles incorporate polyamide (PA 6.6 GF25) thermal break 

strips. 

 

A) What Is a Thermal Break? 

A thermal break is a low-conductivity insulating element that separates the inner and outer 

aluminum sections of a profile. 

With a proper thermal break: 

• Heat transfer is substantially reduced 

• Interior–exterior temperature differences have less impact on profile surfaces 

• Condensation risk is minimized 

• Overall energy efficiency is improved 

 

B) Functions of the Thermal Break 

1) Eliminating Thermal Bridges 

A thermal bridge occurs when heat flows rapidly through a highly conductive material. 

The polyamide thermal strip interrupts this path, reducing energy loss by approximately 40–60%. 

 

2) Preventing Condensation 

In cold weather, warm and humid indoor air may condense on cold aluminum surfaces. 

This can cause: 

http://www.arkistral.com/
http://www.arkistral.com/


www.arkistral.com            Facade Systems System Details  

www.arkistral.com 

• Water droplets at glass edges 

• Mold growth 

• Degradation of gaskets and finishes 

When thermal breaks are correctly designed, the dew point is shifted outward, reducing the risk of 

interior condensation. 

 

3) Maintaining Structural Integrity of the Profile 

The thermal break is not only for insulation; it is also engineered to preserve the structural integrity 

of the profile. 

Modern polyamides are developed with: 

• Adequate tensile strength 

• Shear strength 

• UV resistance 

all compatible with the performance characteristics of aluminum. 

 

C) Thermal Break Dimensions & Performance Impact 

As the width of the polyamide strip increases, the U-value of the system decreases (i.e., thermal 

performance improves). 

Example ranges: 

• 14 mm thermal break → medium thermal performance 

• 18–24 mm thermal break → high performance 

• 30+ mm dual thermal break → approaching passive house standards 

In curtain wall systems, thermal break widths between 18–28 mm are commonly used. 

 

<div class="katalog-gorsel">[THERMAL BREAK DETAIL IMAGE]</div>  

 

5.2 Spandrel Insulation 

Unlike transparent vision glass, the spandrel zone is an opaque façade area that covers floor slabs. 

If not properly insulated, this region may cause: 

• Condensation 

• Increased heat loss 

• Imbalanced indoor temperatures 
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• Staining on opaque glass (ghosting effect) 

For this reason, the spandrel zone is one of the most critical areas in façade thermal engineering. 

 

A) Materials Used in Spandrel Insulation 

1) Mineral Wool (Rockwool) 

• Fire classification: A1 non-combustible 

• High thermal resistance 

• Excellent acoustic performance 

• Most commonly used insulation material behind spandrel panels 

 

2) Polyurethane (PUR / PIR) Boards 

• High thermal resistance at low thickness 

• Lightweight and easy to install 

• High compressive strength 

 

3) XPS / EPS Boards 

• Economical solutions 

• Lightweight 

• Often used behind metal panels 

Note: 

XPS/EPS must never be placed directly against the back of spandrel glass. 

A thermal barrier and vapor control layer must always be included. 

 

B) Critical Design Parameters for Spandrel Insulation 

1. Vapor Barrier Membrane 

A vapor-tight membrane must be installed behind the spandrel insulation to prevent 

condensation. 

2. Fire Barriers 

Fire barriers at floor slabs are mandatory for compartmentation. 

3. Insulation Thickness 

Determined according to local climate data (typically 50–100 mm). 

4. Contact Between Insulation & Glass 

The air cavity behind the spandrel glass must be controlled; excessive heat build-up can cause 

glass cracking. 
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C) Common Spandrel Design Mistakes 

Mistake Effect 

Insulation in direct contact with glass Overheating → glass cracking 

Incorrect vapor barrier application Condensation → ghosting and staining 

Incomplete mineral wool filling Reduced fire resistance 

Insufficient insulation thickness Higher heat loss, poor energy performance 

 

<div class="katalog-gorsel">[SPANDREL INSULATION DETAIL IMAGE]</div>  

 

5.3 Impact of Thermal Performance on the Façade 

Proper thermal design of the curtain wall: 

• Reduces overall building energy consumption 

• Improves indoor comfort levels 

• Eliminates condensation risks 

• Extends the service life of glass and profiles 

• Enhances user comfort and satisfaction 

• Lowers the building’s carbon footprint 

Poorly designed thermal barriers are the root cause of many common façade failures in curtain wall 

systems. 

6. Optional Components: Sunshades, Operable Vents & Smart Glass Systems 

Curtain wall systems are not limited to glass and aluminum frames. A range of optional components is 

used to improve building comfort, reduce energy consumption, and enhance façade performance. 

These optional systems contribute architecturally while also adding intelligent, dynamic, and high-

efficiency features from a façade engineering perspective. 

This section examines three major optional systems integrated into modern curtain walls: sunshades, 

operable ventilation vents, and smart glass technologies. 

 

6.1 Sunshades / Louvers 

Sunshades are passive energy-control devices designed to reduce excessive solar heat gain, especially 

on west- and south-facing façades. 

They are typically made of aluminum, offering durability, lightweight behavior, and minimal 

maintenance—making them a preferred solution among façade engineers. 
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A) Primary Functions of Sunshades 

1) Reducing Solar Heat Gain 

Louver blades create a shadow depending on the sun’s angle, which results in: 

• Reduced Solar Heat Gain 

• More stable indoor temperatures 

• Lower cooling loads 

• Decreased energy consumption 

Buildings can achieve 15–35% energy savings with proper sunshade design. 

 

2) Improving Visual Comfort 

Louvers reduce glare in interior spaces. 

They improve ergonomics in office environments by minimizing reflections on computer screens. 

 

3) Enhancing Architectural Expression 

Sunshades can be designed as: 

• Vertical, horizontal, or inclined blades 

• Various spacing and angle configurations 

• Custom profile shapes 

They add depth to the façade and reinforce architectural identity, often becoming a key design 

element in modern buildings. 

 

B) Types of Sunshades 

• Fixed louver systems 

• Adjustable louver systems (motorized or manual) 

• Vertical blade systems 

• Horizontal panel-type sunshades 

• Integrated façade-mounted shading profiles 
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6.2 Operable Vents (Natural Ventilation Louvers) 
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Operable ventilation vents integrated into curtain wall systems provide buildings with controlled 

natural airflow. 

These vents are designed to blend visually with adjacent glass units, making them nearly 

indistinguishable from the exterior. 

 

A) Functions of Operable Vents 

1) Providing Natural Ventilation 

By allowing fresh air into the building, operable vents reduce HVAC loads and improve indoor air 

quality. 

 

2) Smoke Extraction 

In some projects, vents are configured to open automatically in fire scenarios, supporting smoke 

evacuation. 

 

3) Acoustic Control 

With special acoustic gaskets, vents can allow air intake while preserving the required sound 

insulation performance. 

 

B) Types of Operable Vents 

• Top-hung vents 

• Parallel opening vents (POV) → Panel opens outward in a parallel motion for high 

performance 

• Tilt & turn vents 

• Concealed motorized vents integrated into the façade 

These systems must be designed to be structurally and thermally compatible with the curtain wall. 

 

C) Critical Design Considerations 

• Dual compression-line EPDM gasket design 

• Undisturbed drainage channels across vent and frame 

• Vent leaf rigidity against wind pressure 

• Air-water tightness at glass-to-vent junctions 

• Full BMS (Building Management System) integration for motorized smoke-control vents 

A poorly designed vent becomes the weakest point in an otherwise high-performance façade. 
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6.3 Smart Glass / Dynamic Glazing 

Smart glass technologies are among the fastest-growing innovations in façade engineering. 

These glazing systems can automatically adjust their light transmission and reflectance based on 

environmental conditions. 

 

A) Functions of Smart Glass 

1) Automatic Solar Control 

Smart glass darkens when solar radiation increases and becomes clear again during cloudy conditions 

or at night. 

 

2) Enhancing Indoor Comfort 

• Reduced glare 

• Prevention of interior overheating 

• Lower HVAC loads 

These features make smart glass especially beneficial in buildings with large glazed areas. 

 

3) Energy Efficiency 

Because the glass reacts dynamically to changing environmental conditions, it significantly optimizes 

energy usage. 

 

B) Smart Glass Technologies 

1) Electrochromic Glass 

Glass tint changes via electrical activation. 

The most widely used commercial smart glass technology. 

2) Thermochromic Glass 

Changes tint in response to temperature increases. 

3) Photochromic Glass 

Darkens when exposed to high-intensity sunlight (similar to photochromic lenses in eyewear). 

4) SPD (Suspended Particle Device) Glass 

Polarized particles align or disperse when electric current is applied, allowing or blocking light. 
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C) Critical Considerations for Smart Glass Integration 

• IGU units require specialized internal wiring 

• Cable channels must be designed within mullions 

• Increased glass weight must be accounted for in transom load calculations 

• Smart glass has higher costs → commonly used in premium projects 

 

<div class="katalog-gorsel">[SMART GLASS DETAIL IMAGE]</div> 

7. Conclusion: Why Curtain Wall Detailing Is Critical 

Although curtain walls are often perceived as the visible, glossy face of modern architecture, their 

true value lies in the engineering details hidden beneath the surface. 

A curtain wall is far more than a collection of mullions, transoms, glass units, and exterior caps. 

Its overall performance is measured by its ability to: 

• resist wind-induced deformation, 

• manage water ingress effectively, 

• eliminate thermal bridges, 

• meet fire and acoustic requirements, 

• accommodate building movements, 

• remain stable over decades with minimal maintenance. 

Every one of these criteria is rooted in detailing. 

A minor mistake in a gasket joint, one millimeter of missing structural silicone, a blocked drainage 

path, or a poorly selected anchor can compromise the performance of hundreds of square meters of 

façade. 

Correct detailing = Safe, durable, high-performance façade. 

 

Five Key Reasons Why Curtain Wall Detailing Is Critical 

1) Structural Safety 

Glass must not break under wind loads, mullion deflection must remain within limits, and the load-

transfer chain must function correctly. 

All these depend directly on proper detailing. 

2) Air & Water Tightness 

The goal is not to completely stop water from entering, but to manage it effectively. 

EPDM gaskets, drainage channels, and pressure-equalized chambers are the heart of this strategy. 

3) Energy Performance 
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Thermal breaks, IGU configurations, spandrel insulation, and airtightness collectively determine a 

building’s annual energy consumption. 

4) Architectural Quality & Aesthetics 

Clean joint lines, proportional cap profiles, and uniform glass reflections can only be achieved 

through accurate detailing. 

5) Maintenance & Long-Term Durability 

A well-detailed façade maintains its performance for decades with minimal maintenance. 

A poorly detailed façade, however, may experience: 

• water ingress, 

• silicone failures, 

• falling cover caps, 

• glass breakage 

even within the first year. 

 

Arkistral: The Assurance of Proper Façade Detailing 

At Arkistral, we combine design + engineering + application disciplines under one roof for curtain 

walls, window-wall assemblies, and ventilated façade systems. 

Depending on project needs, we provide professional technical consultancy services including: 

• structural calculations, 

• glass thickness analysis, 

• profile and anchor optimization, 

• thermal performance studies, 

• drainage and pressure-equalization detailing, 

• technical drawings (DWG / PDF), 

• site coordination and supervision, 

• technical specifications and quantity take-offs. 

A high-performance façade begins with the right detail. 

We resolve those details for you with precision. 

 

8. Frequently Asked Questions (FAQ) 

 

1) What are the fundamental components of a curtain wall system? 

http://www.arkistral.com/
http://www.arkistral.com/


www.arkistral.com            Facade Systems System Details  

www.arkistral.com 

A curtain wall consists of a combination of structural, infill, and sealing components. The main 

elements are: 

• Mullion (Vertical Structural Member): Transfers wind loads to the main structure. 

• Transom (Horizontal Member): Distributes loads horizontally and provides seating for 

glass/panels. 

• Vision Glass: Transparent areas enhancing daylight; Low-E coatings increase energy 

performance. 

• Spandrel Panel: Covers floor slabs; provides insulation and architectural continuity. 

• Pressure Plate: Clamps glass securely and stabilizes load transfer. 

• Clip-On Cover Caps: Conceal pressure plates and create clean architectural lines. 

• Anchor Systems: Transfer façade loads into the primary structure. 

• EPDM & Silicone Gaskets: Provide air- and water-tightness while allowing movement. 

• Drainage & Pressure-Equalized Chambers: Ensure controlled removal of infiltrated water. 

A façade’s total performance depends on how well these components are detailed and engineered. 

 

2) What are the main performance requirements of a curtain wall system? 

A modern curtain wall must meet five essential criteria: 

1) Structural Capacity 

Must withstand wind loads, self-weight, and building movements without exceeding deflection limits. 

2) Movement Tolerance 

Must accommodate expansion, contraction, settlement, and seismic effects without: 

• compressing glass, 

• tearing silicone, 

• stressing anchors. 

Fixed and sliding anchors must be used together. 

3) Air & Water Tightness 

Achieved through properly designed EPDM gaskets, structural silicones, drainage paths, and pressure-

equalization chambers. 

4) Thermal Efficiency 

Thermal breaks, IGU configurations, and spandrel insulation eliminate thermal bridges and reduce 

HVAC loads. 

5) Acoustic Performance 
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Controlled via IGU thickness, laminated layers, and correct gasket detailing—especially important in 

urban and airport-adjacent projects. 

 

3) Why is a curtain wall considered non-load-bearing? 

Because it is a lightweight envelope system hung externally from the structure. 

It does not carry floor or roof loads; it only supports: 

• Its own weight, 

• Wind pressure and suction, 

• Thermal and seismic movements. 

 

4) What is the difference between stick-built, semi-unitized, and silicone (structural glazed) 

systems? 

• Stick System (Capped): Visible caps; glass held by pressure plates and cover caps. 

• Semi-Capped / Hybrid: Only vertical or horizontal caps are visible. 

• Silicone Structural Glazing: No caps; seamless flat glass appearance; bonding is provided by 

structural silicone. 

All fall under the curtain wall category; their distinction lies in the glass-to-frame connection detail. 

 

5) Why doesn’t water enter through a properly designed curtain wall? 

Water does enter the façade cavity in small amounts—this is normal. 

The goal is controlled management through the pressure-equalized rainscreen principle, using: 

• pressure chambers, 

• drainage channels, 

• weep holes, 

• EPDM barriers. 

 

6) How is glass thickness determined in curtain wall systems? 

Glass thickness is determined by: 

• wind load calculations, 

• panel dimensions, 

• building height, 

• acoustic requirements, 

• solar load conditions. 
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General guidelines: 

• High-rise buildings → thicker IGU 

• Large panels → tempered + laminated 

• High solar exposure → selective coatings 

• Noisy areas → acoustic IGU 

Arkistral prepares project-specific structural reports for all glazing requirements. 

 

7) What is the most common mistake in curtain wall construction? 

Typically insufficient drainage design or improper gasket installation. 

These errors cause: 

• water ingress, 

• glass edge staining, 

• internal corrosion, 

• silicone failure. 

 

8) Why do curtain wall systems require professional consultancy? 

Because curtain wall engineering sits at the intersection of: 

• structural mechanics, 

• material science, 

• thermal analysis, 

• acoustics, 

• air-water sealing, 

• detailed CAD design, 

• construction coordination. 

A single incorrect detail can compromise an entire façade. 

Professional expertise ensures system integrity and long-term performance. 

Arkistral provides full technical consultancy throughout the entire lifecycle of curtain wall systems. 
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