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Abstract 

Expansion joints are essential structural elements in buildings and large-scale 

engineering projects. They help prevent damage caused by stresses and structural 

movements, thereby ensuring the structure’s durability and long-term integrity. This 

paper presents the theoretical principles, relevant code provisions (CYS EN 1991-1-5), 

calculation methodologies, and practical applications related to expansion joint 

design, reflecting best practices in modern structural engineering. 

1. Introduction 

Thermal expansion and contraction are inherent properties of construction materials. 

In long-span or large-scale structures, temperature changes, seismic events, wind 

forces, and live load deflections can produce significant dimensional changes. 

Expansion joints are deliberate separations in a structure that allow controlled 

movement without damaging the overall stability or serviceability. 

 

Figure 1: Allowable Building Length vs Design Temperature Change 

(Ref.: National Academy of Sciences, Federal Construction Council - Expansion joints in 

buildings)  

Incorporating expansion joints into the design is a proactive measure that extends 

service life, minimizes maintenance costs, and enhances safety. Their placement and 

sizing require careful engineering judgment, guidance by codes, material properties, 

and environmental conditions. 

 

 



 

Physical Principles and Influencing Factors 

 

2. Regulatory Framework 

CYS EN 1991-1-5 (Eurocode 1 Part 1-5: General Actions – Thermal Actions) outlines 

requirements for accounting for thermal effects in structural design. According to 

Section 3 of this standard: 

• Thermal actions must be evaluated for all relevant design situations. 

• Structural elements must be verified to ensure that thermal movements do not 

cause overstressing, either by providing movement joints or by designing the 

structure to accommodate such movements. 

Additionally, Section 6.1.3.3 of CYS EN 1991-1-5 provides recommended temperature 

range values for structural expansion and contraction, and Annex C (informative) lists 

typical coefficients of linear thermal expansion for common construction materials. 

(The National Annex to this standard may specify different temperature values based 

on local climate conditions and construction practices.) 

3. Design Methodology 

A standard engineering approach to expansion joint design includes: 

a) Identifying movement sources — thermal, seismic, settlement, live load. 

b) Verifying material properties — using code values or laboratory test results. 

c) Calculating the required joint gap based on maximum anticipated 

displacement: 

 

where Δadditional covers non-thermal movements. 



 

d) Selecting the joint type — based on environment, load conditions, and 

maintenance needs. 

e) Integrating joints into the structural and architectural detailing to maintain both 

function and appearance. 

4. Expansion Joint Design Considerations 

Expansion Joint Spacing Guidelines 

The maximum spacing between expansion joints depends on the construction 

material and the expected range of temperature variation. Different materials 

expand and contract differently, so the recommended joint spacing varies (we need 

to bear in mind that this is not a seismic joint, the spacing for earthquake movement 

must be also examined).    

Table 1: Typical expansion joint spacing guidelines for common materials in temperate versus 

hot climates:  

Material Typical Max 

Joint Spacing 

(Temperate) 

Hot Climates / 

Large ΔT 

Notes 

Concrete 

Structures 

30–45 m 25–30 m Shrinkage + thermal expansion 

are critical factors (ACI 224.3R-95 

suggests ~30 m max in moderate 

climates) 

Masonry walls 

(with concrete 

backing) 

15–25 m 12–20 m Higher cracking risk- requires 

closer spacing 

Steel structures 60–120 m 50–100 m More flexible - joints mainly 

needed for very long spans (up to 

~150 m in moderate climates) 

 

For concrete buildings, expansion joints are typically spaced about 30–45 m apart in 

temperate climates (around 25–30 m in regions with extreme temperature variation). 

Notably, industry guidelines such as ACI 224.3R-95 recommend a maximum spacing 

on the order of 30 m for concrete structures in moderate climates. Masonry walls, even 

when tied to concrete frames, require closer joint spacing—approximately 15–25 m in 

temperate conditions, reduced to 12–20 m in hot climates—because masonry is 

especially prone to cracking from thermal movement. In contrast, steel structures can 

tolerate much longer spans between joints (roughly 60–120 m under moderate 

conditions). Where thermal variations are not extreme and connections allow 

movement, some steel buildings have been constructed with expansion joints spaced 

up to ~150 m apart; however, in climates with large seasonal temperature swings, this 

spacing is typically limited to about 50–100 m. 

Additional Design Parameters 

In addition to spacing, other key design parameters for expansion joints include: 

• Joint Width: The joint opening must accommodate the maximum expected 

movement, which includes the combined effects of thermal expansion, seismic 

displacements, and any long-term settlement. 



 

• Sealing and Waterproofing: Expansion joints should be detailed with durable, 

weather-resistant sealant systems to prevent water ingress and protect the joint 

components from deterioration. 

• Special seismic analysis and design, and check for earthquakes movements 

that maybe greater in seismic prone regions.   

5. Types of Expansion Joints 

Expansion joints come in various configurations, each suited to specific structural, 

environmental, and functional requirements. The choice of joint type depends on 

factors such as the magnitude and nature of expected movements, the load 

conditions, durability requirements, and maintenance considerations. 

1. Metallic Expansion Joints 

These consist of steel or aluminum elements, often with interlocking profiles, 

designed to carry high loads while permitting relative movement between 

structural components. In bridge engineering, metallic joints can 

accommodate large longitudinal movements while resisting vertical and 

horizontal loads from traffic. Their robust construction makes them ideal for 

high-traffic or industrial environments where impact resistance is critical. 

2. Elastomeric Expansion Joints 

Made from synthetic rubber compounds, elastomeric joints are flexible and 

watertight. They are commonly used in building façades, roof joints, and 

pedestrian bridges. The elasticity of the material allows for smooth 

accommodation of small-to-moderate movements caused by thermal cycles, 

wind sway, or minor seismic activity, while providing excellent sealing against 

water ingress. 

3. Sliding Expansion Joints 

These incorporate smooth sliding surfaces, often stainless-steel plates or PTFE 

(polytetrafluoroethylene) pads, which allow free movement in one or more 

directions. They are widely used in structural connections where horizontal 

displacement is significant, but vertical load transfer must also be maintained 

— for example, in bridge bearings or industrial conveyor structures. 

4. Modular Expansion Joints 

For very large structures, such as long-span bridges, modular joints provide 

multiple parallel movement gaps within a single system. These can 

accommodate displacements exceeding one meter in extreme temperature 

or seismic events. The modular configuration ensures that no single gap is too 

wide, maintaining comfort for vehicle or pedestrian traffic and reducing noise 

and vibration. 

 

 

 



 

6. Applications of Expansion Joints 

Expansion joints are integral to the durability and serviceability of a wide range of 

engineering works. Their correct placement and design prevent damage that could 

compromise safety or functionality. 

1. High-Rise and Commercial Buildings 

In tall (high-rise) buildings, vertical and horizontal expansion joints are 

introduced to manage temperature variations and differential movements 

between parts of the structure. New modern Façade systems integrate 

expansion joints to maintain airtightness and weather resistance while allowing 

for wind sway and thermal expansion. 

2. Industrial Buildings and Warehouses 

Large floor slabs and steel frames in industrial facilities are prone to cracking or 

buckling if restrained against natural thermal movements. Expansion joints 

subdivide the structure into smaller, independent segments, each capable of 

expanding or contracting without transferring excessive forces to adjacent 

sections. 

3. Bridge Engineering 

In bridges, temperature-induced movements in the deck can be substantial 

due to the high thermal exposure and structural length. Expansion joints at 

abutments and intermediate supports allow for controlled expansion and 

contraction, preventing stress accumulation in the deck, bearings, and 

substructure. In suspension and cable-stayed bridges, joints are critical for 

accommodating both thermal and dynamic movements caused by traffic 

and wind. 

4. Transportation Infrastructure 

Roadways, airport runways, and railway viaducts incorporate expansion joints 

to prevent deformation of the surface layers and maintain smooth, safe 

transitions for vehicles. In such applications, joints must also be resistant to 

heavy loads, wear, and environmental degradation. 

5. Pipeline Systems 

Long pipelines carrying fluids at varying temperatures can undergo significant 

expansion or contraction. Bellows-type or flexible couplings serve as expansion 

joints to absorb these changes, preventing overstressing of the pipes, supports, 

and connected equipment. 

6. Marine and Offshore Structures 

In offshore platforms, piers, and breakwaters, expansion joints accommodate 

structural movements caused by temperature, wave action, and tidal 

variations, while maintaining watertight integrity and corrosion resistance. 

 



 

7. Conclusion 

Expansion joints are vital for the long-term durability, safety, and serviceability of 

structures. Proper calculation and detailing of these joints—performed in accordance 

with CYS EN 1991-1-5 and other relevant guidelines—ensure that a structure can 

withstand environmental changes and loading conditions throughout its design life. 

By carefully selecting appropriate joint types and accurately assessing expected 

movements, engineers can prevent damage, prolong service life, and enhance 

overall structural performance. 
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