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When constructing a durable and long-lasting concrete highway, understanding
the proper design of expansion joints is crucial. A typical concrete slab
used in highway pavements measures approximately 13 meters in length at a
temperature of 20 °C. These slabs are designed to accommodate thermal
expansion and contraction, which occur due to temperature fluctuations, load
stresses, and environmental conditions. The question that often arises during
the planning and construction phases is: How wide should the expansion cracks
between the slabs be? This article explores the factors influencing expansion
joint width, standard recommendations, calculation methods, and best
practices to ensure the longevity and safety of concrete highways.

Understanding the Need for Expansion Joints in
Concrete Pavements

Why Are Expansion Joints Necessary?

Concrete, being a material sensitive to temperature changes, expands when
heated and contracts when cooled. Without proper accommodation for these
movements, the concrete slabs can develop cracks, which compromise the
structural integrity and aesthetic appeal of the highway. Expansion joints
serve as intentional gaps that allow slabs to move freely without inducing
undue stress or cracking.

Common Causes of Cracking in Concrete Slabs

Thermal expansion and contraction

Shrinkage during curing

Load-induced stresses

Subgrade settlement

Environmental factors such as moisture variations

Properly designed expansion joints mitigate these issues by providing
controlled points of movement.



Factors Influencing the Width of Expansion
Cracks

Several variables determine the appropriate width of expansion cracks between
concrete slabs:

1. Temperature Range
- The extent of temperature variation in the region affects how much a slab
expands or contracts.
- In climates with large temperature swings, wider joints may be necessary.

2. Thermal Expansion Coefficient of Concrete
- The typical coefficient ranges from 8 to 12 × 10-6 per °C.
- Higher coefficients indicate more significant movement per degree of
temperature change.

3. Length of the Slab
- Longer slabs experience more movement, necessitating wider joints.

4. Type and Usage of the Highway
- Heavy loading and frequent traffic increase stresses, influencing joint
width.

5. Subgrade Conditions
- Stable subgrades reduce differential movement, potentially allowing
narrower joints.

Standard Recommendations for Expansion Joint
Widths

In practice, highway engineers rely on established guidelines and standards
to determine expansion joint widths. The American Association of State
Highway and Transportation Officials (AASHTO) and other international
standards provide general recommendations:

Typical Expansion Joint Width Range
- Standard Width: 10 mm to 25 mm (about 0.4 inches to 1 inch)
- Common Practice: 13 mm to 20 mm (0.5 inches to 0.75 inches) for slabs
approximately 13 meters long.



Factors Supporting These Recommendations
- They accommodate the expected thermal expansion for typical climate
conditions.
- They prevent stress concentrations that could lead to cracking.
- They facilitate easier maintenance and joint sealing.

Calculating the Appropriate Expansion Joint
Width

To determine an optimal joint width tailored to specific conditions,
engineers perform calculations based on the following formula:

Expansion (ΔL) = L × α × ΔT

Where:
- L = length of the slab (meters)
- α = coefficient of thermal expansion (per °C)
- ΔT = expected temperature variation (°C)

Example Calculation:

Suppose:
- L = 13 meters
- α = 10 × 10-6 /°C
- ΔT = 40°C (from winter to summer extremes)

Then:
ΔL = 13 × 10 × 10-6 × 40 = 0.052 meters or 52 mm

This indicates that the slab could expand up to approximately 52 mm under
extreme temperature variations. However, not all of this movement needs to be
accommodated within the joint width; some movement can be absorbed through
flexible joint fillers and design considerations.

Design Approach:
- Typically, a joint width greater than the maximum expected expansion is
used to allow for movement and potential settlement.
- For the above example, a 20 mm to 25 mm joint width is often sufficient,
considering the use of appropriate joint fillers and sealants.

Best Practices for Designing Expansion Joints

To optimize joint performance, consider the following best practices:

1. Use of Proper Joint Materials
- Joint fillers and sealants should be elastic and durable.
- Materials like neoprene, rubber, or specialized joint sealants accommodate
movement and prevent water ingress.



2. Regular Maintenance and Inspection
- Periodic checks ensure joints remain functional.
- Sealing cracks and replacing deteriorated fillers prolong the lifespan.

3. Incorporating Movement Joints at Intervals
- For very long slabs, additional joints may be placed at regular intervals
to manage cumulative movement.

4. Construction Precision
- Accurate placement and consistent width of joints are essential during
construction.
- Use of templates and experienced labor helps maintain standards.

Conclusion: How Wide Should The Expansion
Cracks Be?

In summary, for a concrete highway constructed with slabs approximately 13
meters long at 20 °C, the width of expansion cracks (expansion joints) should
typically range from 13 mm to 25 mm (about 0.5 to 1 inch). The precise width
depends on factors such as regional temperature variations, concrete
properties, load conditions, and environmental factors. Engineers often
select a joint width around 20 mm to 25 mm, which provides a safe margin for
thermal movement while minimizing the risk of cracking.

By understanding the principles behind expansion joint design and adhering to
established standards and calculations, highway construction can ensure
structural integrity, safety, and longevity. Properly designed expansion
joints not only accommodate thermal movement but also facilitate maintenance,
reduce repair costs, and enhance the overall performance of the highway
infrastructure.

Remember: The key to effective expansion joint design is balancing
flexibility with durability, ensuring the concrete slabs can move as needed
without compromising the structural integrity of the highway.

Frequently Asked Questions

What is the recommended width for expansion cracks in
a concrete highway slab that is 13 meters long?

The typical width for expansion cracks in concrete highways is about 10 to 20
mm to accommodate thermal expansion and contraction.

How does temperature affect the size of expansion
cracks in concrete slabs?

Higher temperatures cause concrete to expand, requiring wider cracks (around



20 mm), while lower temperatures cause contraction, so cracks are designed to
accommodate these movements safely.

Why are expansion joints necessary in concrete
highways?

Expansion joints are necessary to prevent cracking due to thermal expansion
and contraction by allowing the concrete slabs to move freely without causing
damage.

How is the length of a concrete slab related to the
required width of expansion cracks?

Longer slabs, like the 13-meter slabs in the question, typically require
wider expansion cracks (up to 20 mm) to accommodate greater thermal movement
and prevent cracking.

What factors influence the design of expansion cracks
in concrete highways?

Factors include the slab length, local temperature variations, thermal
expansion coefficient of concrete, and the expected movement due to
environmental conditions.

Are there standard guidelines or codes that specify
the width of expansion cracks in concrete highways?

Yes, standards like AASHTO and local building codes generally recommend
expansion crack widths of about 10 to 20 mm for concrete pavements subjected
to temperature variations.

Can the width of expansion cracks be adjusted during
construction based on environmental conditions?

Yes, engineers can specify the width of expansion joints based on the climate
and expected temperature ranges to ensure durability and prevent cracking.

What are the consequences of having insufficient
width for expansion cracks in concrete highways?

Insufficient crack width can lead to uncontrolled cracking, structural
damage, reduced lifespan of the pavement, and higher maintenance costs.

Additional Resources
A Concrete Highway Is Built Of Slabs 13 M Long (20 °C). How Wide Should The
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Constructing durable and safe concrete highways involves meticulous planning,
especially concerning how the concrete expands and contracts with temperature
fluctuations. One critical aspect is determining the appropriate width of
expansion cracks between slabs, especially when slabs are built to a specific



length—such as 13 meters at 20°C. This article provides a comprehensive guide
to understanding the factors influencing expansion joint design and offers
practical recommendations for highway engineers and construction
professionals.

---

Introduction

Concrete highways are designed to withstand the stresses imposed by
environmental conditions, traffic loads, and material properties. Since
concrete expands and contracts with temperature changes, expansion joints or
cracks are incorporated to prevent undesirable stresses that could lead to
cracking or structural failure.

In particular, when slabs are constructed to a fixed length—say, 13 meters at
an initial temperature of 20°C—it's essential to calculate how much they will
expand or contract as temperatures vary. The question then arises: how wide
should the expansion cracks between the slabs be? This guide aims to answer
this question by exploring the fundamental principles, relevant calculations,
and best practices for expansion joint design.

---

Understanding Concrete Expansion and Contraction

Why Do Concrete Slabs Need Expansion Joints?

Concrete is a composite material that has a specific coefficient of thermal
expansion. When temperatures rise, concrete tends to expand; when
temperatures fall, it contracts. Without proper expansion joints, these
movements can cause:

- Cracking within slabs
- Buckling or warping of the pavement
- Reduced lifespan of the highway

Expansion joints or cracks are designed to accommodate these movements,
maintaining the structural integrity and smoothness of the highway.

Coefficient of Thermal Expansion

The primary property influencing how much a concrete slab expands or
contracts is the coefficient of thermal expansion (α). Typical values for
concrete range from 8 × 10⁻⁶ to 12 × 10⁻⁶ per °C.

For calculation purposes, a common average value is:

α ≈ 10 × 10⁻⁶ /°C

---

Step-by-Step Calculation of Expansion

1. Determine the Temperature Range

The temperature difference (ΔT) that the slab will experience during its
service life is crucial. For example:



- Maximum temperature: 40°C
- Minimum temperature: 0°C
- Initial temperature: 20°C (reference temperature when the slab was cast)

Assuming the slab is exposed to temperatures from 0°C to 40°C, the total
change in temperature (ΔT) is:

ΔT = 40°C - 0°C = 40°C

Alternatively, if considering the change from the initial temperature (20°C)
to the extremes:

- Expansion during heating: from 20°C to 40°C → ΔT = 20°C
- Contraction during cooling: from 20°C to 0°C → ΔT = 20°C

Total movement over a cycle could be considered as ±20°C, but for design
purposes, it's often safer to consider the maximum potential expansion or
contraction separately.

2. Calculate the Length Change (ΔL)

Using the formula:

ΔL = L × α × ΔT

Where:

- L = length of the slab (13 meters)
- α = coefficient of thermal expansion (e.g., 10 × 10⁻⁶ /°C)
- ΔT = change in temperature

Example Calculation:

For a temperature increase of 20°C:

ΔL = 13 m × 10 × 10⁻⁶ /°C × 20°C
= 13 × 0.00001 × 20
= 13 × 0.0002
= 0.0026 meters
= 2.6 millimeters

Similarly, during cooling from 20°C to 0°C:

ΔL = 2.6 mm contraction

3. Total Movement to Accommodate

Considering both expansion and contraction, the maximum total movement (peak
to peak) the slab might undergo is approximately:

Total ΔL ≈ 5.2 mm

This value guides the minimum width of the expansion crack or joint to
accommodate movement without inducing stress.

---

Designing Expansion Cracks: How Wide Should They Be?



Key Principles

- The expansion crack width should at least match the anticipated maximum
movement.
- Slightly wider joints provide a buffer to account for unforeseen factors,
such as material imperfections or additional environmental effects.
- The width of the crack should not be excessively large, as that could
compromise the pavement's structural or aesthetic qualities.

Practical Recommendations

Based on calculated thermal movements, typical expansion crack widths are:

| Temperature Range | Approximate Crack Width | Rationale |
|---------------------|-------------------------|------------|
| Up to 20°C change | 3–6 mm | To accommodate expansion and contraction |
| For larger temperature swings | 6–10 mm | Extra buffer for extreme
conditions |

In our example with a 20°C variation, a crack width of around 4–6 mm is
generally sufficient.

Allowing for Construction Tolerance

Construction tolerances and safety margins suggest designing for slightly
wider joints, for example:

- Minimum width: 4 mm
- Ideal width: 6 mm
- Maximum width (for extreme conditions): 10 mm

---

Additional Factors Influencing Crack Width Design

While thermal expansion provides a baseline, several other factors influence
the optimal crack width:

1. Traffic Loads

Heavy loads can induce additional stresses, possibly requiring wider joints
or more robust joint materials.

2. Concrete Mix and Curing

Different mixes have varying shrinkage rates and durability characteristics,
influencing joint design.

3. Joint Material and Sealants

Proper joint fillers and sealants can accommodate movement within the
designed width, maintaining pavement integrity.

4. Environmental Conditions

High humidity, freeze-thaw cycles, and other factors can affect the
concrete’s behavior and joint performance.

5. Age of the Pavement



Older pavements may develop wider cracks due to ongoing shrinkage or
deterioration, influencing future maintenance planning.

---

Types of Expansion Joints and Their Applications

1. Construction Joints

Used during the pouring process; designed to be wide enough to accommodate
initial movements.

2. Expansion Joints

Are engineered to allow free movement. These are usually pre-formed and
filled with joint sealants or compressible materials.

3. Contraction Joints

Created to control cracking due to shrinkage rather than expansion.

4. Dummy Joints

Simplified joints that serve as control points for cracking.

---

Best Practices for Implementing Expansion Joints

- Proper Material Selection: Use durable, flexible joint fillers that can
withstand traffic and environmental exposure.
- Regular Maintenance: Inspect and reseal joints as needed to prevent water
ingress and deterioration.
- Accurate Measurement: Use precise calculations based on local climate data
to determine the appropriate joint width.
- Design for Longevity: Consider future expansion, potential settlement, and
traffic growth in joint design.

---

Summary: How Wide Should the Expansion Cracks Be?

To summarize:

- Calculate the maximum thermal expansion/contraction based on the slab
length, temperature range, and concrete's coefficient of expansion.
- For a 13-meter slab at 20°C with typical temperature swings (e.g., 0°C to
40°C), the movement is approximately ±2.6 mm.
- Design expansion cracks to be at least 4–6 mm wide to comfortably
accommodate these movements.
- Adjust the width based on local climate, traffic loads, material
properties, and safety margins.
- Regular inspection and maintenance are vital to ensure the joints perform
as intended over the highway's lifespan.

---

Conclusion



Designing the appropriate width of expansion cracks between concrete
slabs—especially for a highway built of slabs 13 meters long at 20°C—is a
critical element in ensuring durability, safety, and longevity. By
understanding the principles of thermal expansion, performing precise
calculations, and considering environmental and operational factors,
engineers can create effective expansion joint systems that accommodate
temperature-induced movements without compromising the structural integrity
of the highway. Proper implementation and maintenance further enhance
performance, making the highway resilient against the rigors of time and
weather.

---

Remember: The key is balance—joints must be wide enough to handle movement
but not so wide as to invite other issues. With careful planning and
execution, concrete highways can serve efficiently for decades.
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