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The Overlooked Impact of
Tolerances in Cladding and
Glazing Systems




Introduction

Facade systems are among the most complex components in modern
buildings, integrating architecture, engineering, and material science.
Their performance depends not only on design intent and material
selection but also on the precise coordination of dimensional
tolerances across all stages, from design to installation. Yet, tolerance
management remains an often overlooked aspect of facade delivery.

Inadequate or uncoordinated tolerances can result in component
clashes, air and water leakage, misalignments, and costly site
modifications. These problems frequently surface late in the project
timeline, when corrective measures are most disruptive and expensive.

This article explores the technical importance of tolerances in facade
cladding and glazing systems, outlines where critical tolerance gaps
occur,and provides best-practice strategies to manage them effectively

throughout the project lifecycle.
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Why Tolerances Matter in Facade Systems

All construction materials exhibit physical responses to environmental and mechanical conditions,
expanding, contracting, or shifting due to thermal variation, structural load, and fabrication processes.
Without appropriate tolerance planning, these behaviors lead to incompatibilities that can undermine both
the performance and appearance of the facade.

Typical issues arising from poor tolerance coordination include:

« Glazing panels that do not fit within framing e Introduction of thermal bridges or water
systems infiltration paths

« Visible misalignment in cladding panels or joint « Accumulated deviations across multiple system
lines layers

« Inability to correctly position structural anchors ¢ Delayed installations due to last-minute

adjustments or rework

In facade engineering, these risks are best mitigated through proactive planning and integration of
tolerances from the earliest stages of design.



Categories of Tolerances in Facade Projects

Tolerance management should be approached as a layered system, with each stage of the project
introducing specific dimensional variables. Understanding and coordinating tolerances across the following
four categories is essential:

@ 1. Design Tolerances

Design tolerances define acceptable dimensional variations assumed during the development of
architectural and engineering drawings. These tolerances should consider the physical behavior
of the selected materials under expected service conditions.

KEY CONSIDERATIONS

» Material-specific behaviour
Metals, glass, stone, and composites have different thermal expansion rates and deformation
characteristics. These should be accounted for in joint sizing, panel dimensions, and anchorage
systems.

* Primary structure tolerances
Interface elements such as slab edges, columns, steel framing, and embedded plates must
include clearly defined tolerances to set realistic expectations for downstream coordination.

« Systematic documentation
All design documents, especially interface and coordination drawings, should include tolerance
specifications. This is particularly critical in systems involving unitized curtain walls, stick-built
facades, and rainscreen cladding.

Failure to account for realistic design tolerances often leads to dimensionally sensitive systems
being installed against imperfect substrates or misaligned reference points, requiring field
modifications.

2. Production Tolerances

No manufacturing process is completely exact. Even with CNC machining, extrusion, or
automated glazing lines, minor dimensional discrepancies occur. These tolerances accumulate as
components are manufactured and assembled, especially in high-repetition systems like curtain
walls and panelised cladding.

EXAMPLES OF PRODUCTION TOLERANCES

 Glass units
Variability in DGU (Double-Glazed Unit) thickness or squareness can occur due to spacer
placement, sealant application, or edge polishing processes. Same for monolithic laminated
glass units.



* Aluminum extrusions
Slight cross sectional deviations can occur during the extrusion and cooling process,
particularly in long profiles or thermally broken sections.

« Steel framing
Weld-induced distortion and dimensional changes during galvanization (due to heat stress)
and/or welding are common and must be anticipated.

¢ CNC-cut panels
Stone, HPL, or ACM panels, though precision-cut, can exhibit minor inconsistencies that
become noticeable when repeated across a large facade area.

BEST PRACTICE

Engage fabricators early in the design process to confirm expected production tolerances.
Ensure thatthesevaluesare factoredinto overall system dimensionsandjoint configurations.
Where possible, adopt component design strategies that allow tolerances to be absorbed
rather than accumulated.

3. Assembly Tolerances

Assembly tolerances refer to the dimensional variation introduced when multiple components
are combined into a unit or subassembly, such as curtain wall modules, support brackets, or
carrier frames.

FACTORS INFLUENCING ASSEMBLY TOLERANCES

 Bracket alignment
Misalignment of fixing brackets can create distortions or uneven loading conditions.

e Mullion and transom joints
Improper cut lengths or drilling inaccuracies can affect the squareness and flatness of
assembled units.

 Fastener tolerances
Over-tightening or variable torque can distort metal profiles or affect gasket compression.

« Stacking tolerances
Repeated small misalignments across multiple units can accumulate and result in a significant
deviation over large facades.

Designers must ensure that assembly detailing includes allowance for these variances. For
example, the use of elongated holes, sliding anchors, and soft joints can help absorb deviation
while maintaining performance standards.



4. Installation Tolerances

Installation is subject to the greatest range of uncontrollable variables site conditions, weather,
human error, crane access, and substrate conditions all contribute to dimensional unpredictability.
INSTALLATION TOLERANCES ACCOUNT FOR

« Substrate irregularities (e.g., out-of-plumb concrete, uneven steel members)

* On-site adjustments due to unforeseen obstacles

* Panel alignment during crane lifting and placement

« Fixing anchor positions versus as-built locations

Systems that lack flexibility in accommodating these variations often require on-site rework,

shimming, or last-minute redesign. These interventions are costly and time-consuming and can
impact both quality and project timelines.

Designs should incorporate installation tolerance zones, through adjustable fixings, flexible
connections, and gasket tolerances that allow components to adapt to site conditions without
compromising structural integrity or weather resistance.

Tolerance Accumulation:
A Critical Coordination Risk

Eachindividual tolerance may appear negligible, but when combined across multiple materials, systems, and
trades, they can result in significant discrepancies. This phenomenon, known as cumulative tolerance, is one
of the leading causes of facade installation errors.

EXAMPLE SCENARIO

Acurtain wallsystemis designed based on assumed concrete slab edge tolerances of +5 mm. However, during
construction, the slab is out by 20 mm. Simultaneously, the extruded frame components vary by +2 mm, and
the DGU is undersized by 3 mm due to spacer variation. Cumulatively, this can result in a total deviation of
25-30 mm, enough to cause visible misalignments, weather seal failures, or rejected installations.

SOLUTION

Adopt a cross-disciplinary tolerance review process during early coordination stages. Use clash detection
in BIM models that incorporate not only geometric clashes but also expected tolerance envelopes. Define
where deviations will be absorbed, whether in the bracket, the profile, or the joint, to prevent stacking.



Best Practice Recommendations

To manage tolerances effectively in facade projects, consider the following structured approach:

Establish tolerance policies early

Define acceptable tolerances during concept
and schematic design phases, and incorporate
them into the Employer's Requirements and
specifications.

Collaborate with suppliers

Obtain documented production tolerances
from Fabricators and integrate these into design
assumptions.

Use digital tools

Employ 3D modeling software with parametric
tolerance analysis to simulate cumulative effects
and test fit-up scenarios.

Detail For adjustability

Design joints, fixings, and interfaces with built-
in flexibility to accommodate installation and
substrate deviations.

Conclusion

Validate during mock-ups

Full-scale facade mock-ups should be used
to test not only performance criteria but
also dimensional coordination and assembly
tolerances.

Document tolerances throughout

Ensure that all shop drawings, setting-out
drawings, and installation manuals clearly define
allowable tolerances for all parties involved.

Coordinate across trades

Structural, MEP, and facade teams must align on
tolerance assumptions at interfaces—such as
slab edges, anchor plates, and penetrations.

Tolerances are not marginal technical details, they are a fundamental aspect of facade performance,

constructability, and aesthetic quality. Inadequate tolerance planning can compromise even the most well

engineered systems, while well managed tolerances can mitigate risk, reduce cost, and ensure a smoother

construction process.

By integrating tolerance strategies from the outset, engaging with suppliers early, and allowing for

controlled variation across all stages of production and installation, facade professionals can significantly

enhance the reliability and performance of their systems.



How AESG can help

How AESG can help

AESG is an international Consultancy, Engineering and Advisory firm committed to driving sustainability in
the built environment and beyond. With the highest calibre leadership team in our field, we pair technical
knowledge with practical experience to provide hands-on, bespoke strategic solutions to our clients.

We have one of the largest dedicated specialist consultancy teams working on projects within the building,
urban planning, infrastructure and strategic advisory sectors. With decades of cumulative experience, our
team offers specialist expertise in sustainable design, building services, MEPF, fire and life safety, facade
engineering, commissioning, digital delivery, waste management, environmental consultancy, strategy and
advisory, security consultancy, cost management and acoustics. Our prestigious portfolio demonstrates our
extensive capabilities and our ability to consistently deliver best in class solutions to some of the industry’s
most complex technical challenges.



How AESG can help

Gennaro De Marco
Senior Associate Fagade Consultant, AESG

Gennaro is a Senior Associate Facade Consultant with over 20 years of experience in curtain wall, stick system, doors &

windows, structural point fix glass system.

Prior to joining AESG in 2021, Gennaro has worked as a Project Design Manager for one of the worldwide leading
contractors in the engineering, project management, manufacturing and installation of architectural envelopes and

high-end interior fit-out.

With half of his career spent in the UAE, he followed several iconic projects located in different countries like UAE, Saudi
Arabia, Azerbaijan and Malaysia. In his role he was fully involved in managing the relations with clients, architects, and

main contractors from the technical and economical point of view.

For further information relating to specialist consultancy engineering services, feel
free to contact us directly via info@aesg.com

Dubai | Abu Dhabi | Riyadh | Singapore | Sydney | London | Cape Town | Cairo

() AESG



