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EVERY MATERIAL IN A FACADE MOVES AT A DIFFERENT RATE — YET THEY ALL
HAVE TO LIVE TOGETHER IN THE SAME ASSEMBLY

A facade may appear to be a static, rigid enclosure, but from an engineering perspective it is
a dynamic system composed of materials with fundamentally different physical and
mechanical properties. Aluminum, steel, glass, concrete, ceramics, natural stone, insulation
materials, adhesives, and sealants all respond differently to temperature changes, moisture
fluctuations, and structural loading.

The challenge for facade engineers is not merely to connect these materials, but to
accommodate the relative movements that occur between them throughout the service life
of the building.

The Facade as a System of Moving Components
No construction material is dimensionally stable under all conditions. Every material
experiences changes in shape or size as environmental conditions vary. In facade systems,
the primary sources of movement include:

e Thermal expansion and contraction

e Hygroscopic expansion and shrinkage

e Creep

e Stress relaxation

e Elastic deformation underload

e Structural deflection

e Building settlement

e Dynamic wind-induced movement
Individually, these deformations may be relatively small. However, when multiple materials
are combined within a facade assembly, the resulting differential movements can become a
critical design consideration.

Thermal Expansion: A Fundamental Design Parameter
Thermal expansion can be described by:
AL=ga-L-AT
where:
e AL =changein length
e a = coefficient of linear thermal expansion
e L =original length
e AT =temperature change
The coefficient of thermal expansion varies significantly between facade materials.
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Material Coefficient of Thermal Expansion (107%/K)
Aluminum 23-24

Steel 11-13

Stainless Steel 16-17

Glass 8-9

Concrete 10-12

Ceramic 5-8

FRP Composites 8-25 (direction dependent)

A 6-meter-long aluminum profile subjected to an 80°C temperature variation can expand or
contract by approximately 11 mm. Under the same conditions, a steel component of equal
length may move only about 6 mm.

When these materials are connected within the same assembly, the resulting differential
movement of approximately 5 mm must be absorbed by fixings, joints, gaskets, or adhesives.

Temperature Gradients Within the Facade
In practice, absolute temperature is only part of the equation. Temperature gradients within
the facade assembly can create additional stress.
Dark-colored facade panels can reach surface temperatures of 70—-80°C under direct solar
radiation, while the supporting structure behind them remains significantly cooler. These
temperature differentials can lead to:

o Differential expansion

e Panel bowing

e Stress concentrations around fixings

¢ Increased loads on adhesive joints
This phenomenon is particularly relevant for large-format aluminum cassettes, HPL panels,
bonded facade systems, and ventilated rainscreen cladding.

Hygroscopic Movement

Not all facade movements are temperature driven. Many materials also respond to changes
in moisture content.

Examples include:

Drying shrinkage of concrete

Moisture-induced swelling and shrinkage of timber

Dimensional changes in certain insulation materials

Long-term shrinkage of sealants

Precast concrete elements, for example, may continue to shrink for years after installation. If
connections or anchors restrict this movement, significant stresses can develop within both
the facade and the supporting structure.
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Structural Movements
The facade itself is not the only moving component. The primary structure of the building
also deforms under various loads.
These movements may result from:
e Dead loads
e Live loads
e Wind loading
e Thermal effects
e Creep and shrinkage of structural elements
Consequently, facade connections often need to be accommodated:
e Floor slab deflection
e Inter-story drift
e Beam rotation
e Column shortening
e Seismic displacement where applicable
In high-rise buildings, structural movements can exceed the thermal movements of
individual facade components.

Stress Development Through Movement Restraint
Materials develop internal stress whenever their free movement is restrained.
In simplified form:
ag=FE-a- AT
where:
e 0o =thermal stress
e E =modulus of elasticity
e a = coefficient of thermal expansion
e AT =temperature change
For stiff materials such as glass, ceramics, and natural stone, thermal stress can quickly reach
levels that contribute to cracking, fracture, or long-term durability issues.
This is why rigid connections between materials with significantly different expansion
characteristics often become the source of facade failures.

The Critical Role of Connections
In many facade systems, the most vulnerable components are not the materials themselves,
but the interfaces between them.

Mechanical Fixings
Fixings must transfer loads while allowing controlled movement. Common solutions include:
e Fixed-point and sliding-point arrangements
e Slotted holes
e Spring-loaded anchors
¢ Flexible support brackets
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Adhesive Bonds
Structural adhesives must accommodate cyclic thermal movement over thousands of
temperature cycles.
Critical design parameters include:
e Shear modulus
¢ Elongation capacity
e Fatigue resistance
e Long-term aging performance

Sealants and Movement Joints
Sealant joints function as movement absorbers within the facade system. Their design must
account for:

e Anticipated movement range

¢ Allowable sealant strain

¢ Manufacturing tolerances

¢ Installation tolerances

e Long-term aging effects

Facade Engineering Is About Compatibility
Modern facade engineering increasingly focuses on compatibility between materials rather
than simply their strength.
This includes:

e Thermal compatibility

e Mechanical compatibility

e Chemical compatibility

e Electrochemical compatibility

e Long-term dimensional compatibility
A well-designed facade does not attempt to prevent movement. Instead, it anticipates
movement, accommodates it, and controls its effects.

Conclusion

Every facade is an assembly of materials with different coefficients of thermal expansion,
elastic moduli, moisture sensitivities, and long-term deformation characteristics. Throughout
the life of a building, these materials continuously move relative to one another.

The essence of facade engineering is therefore not the creation of rigid assemblies, but the
design of systems that can safely accommodate movement while maintaining structural
integrity, weather resistance, durability, and aesthetic performance.

The question is not whether materials will move.

The question is whether the facade has been engineered to allow them to move together.
That distinction often determines the difference between a facade that performs for
decades and one that begins to fail long before its intended service life.

Earthquakes do not only test the strength of a building structure — they test the reliability of
every connection

TWEHA®, 2026



