
Chapter 29: Steel & Aluminum – Properties and 
Applications of Aluminum

Introduction
Aluminum, one of the most abundant metals in the Earth's crust, has 
revolutionized modern engineering, including the field of civil construction. Its 
light weight, high corrosion resistance, excellent thermal and electrical 
conductivity, and ease of fabrication make it a preferred material in various 
structural and non-structural applications. While steel remains the backbone of 
structural frameworks, aluminum is increasingly being used in specialized 
applications where weight, durability, or corrosion resistance are critical. This 
chapter explores the physical and mechanical properties of aluminum, its 
advantages over other metals, and its growing role in civil engineering 
applications.

1. Physical Properties of Aluminum
1.1 Atomic and Crystalline Structure

 Atomic number: 13
 Atomic weight: 26.98
 Crystal structure: Face-Centered Cubic (FCC)
 Density: ~2.7 g/cm³
 Melting point: 660°C
 Boiling point: ~2,470°C

The FCC structure contributes to its excellent formability and ductility. Unlike BCC 
metals, aluminum can be cold-worked easily.

1.2 Appearance
 Silvery-white in appearance.
 Can be polished to a high sheen or anodized to a matte finish.
 Forms a natural oxide film that protects it from further oxidation.



1.3 Thermal and Electrical Conductivity
 Thermal conductivity: ~235 W/m·K
 Electrical conductivity: ~63% of copper (but due to its lower density, it's 

often preferred for overhead power lines).

2. Mechanical Properties of Aluminum
2.1 Strength

 Pure aluminum is relatively soft (UTS ~90 MPa), but its strength improves 
significantly when alloyed.

 Common structural aluminum alloys (e.g., 6061-T6) exhibit tensile strengths 
of up to 290 MPa.

 Yield strength: Varies from 15 MPa (pure) to >250 MPa (heat-treated alloys).

2.2 Elastic Modulus
 Young’s modulus: ~69 GPa (one-third of steel's 210 GPa).
 Hence, aluminum deflects more under load than steel.

2.3 Ductility and Toughness
 High ductility (elongation >10% in many alloys).
 Good toughness even at low temperatures, unlike some steels which 

become brittle.

2.4 Hardness
 Depends on alloy and temper condition.
 Measured using Brinell or Rockwell hardness tests.

2.5 Fatigue Strength
 Lower than steel, especially under reversed cyclic loads.
 No clearly defined fatigue limit as in ferrous materials.

3. Alloying of Aluminum
Aluminum is almost always used in alloyed form in structural applications. Alloying 
enhances strength, corrosion resistance, and machinability.



3.1 Major Alloying Elements
 Silicon (Si): Increases fluidity and wear resistance.
 Magnesium (Mg): Improves strength and corrosion resistance.
 Manganese (Mn): Improves ductility and toughness.
 Copper (Cu): Greatly improves strength but reduces corrosion resistance.
 Zinc (Zn): Increases strength (common in 7000 series alloys).

3.2 Common Aluminum Alloys in Construction
 1xxx Series: Commercially pure aluminum (high conductivity, low strength).
 3xxx Series: Aluminum-manganese (good corrosion resistance, moderate 

strength).
 5xxx Series: Aluminum-magnesium (marine applications).
 6xxx Series: Aluminum-magnesium-silicon (versatile, used in structural 

components).
 7xxx Series: Aluminum-zinc (high strength, used in aerospace).

4. Fabrication and Formability
4.1 Machining

 Easy to machine due to its softness and low melting point.
 Requires sharp tools and proper lubrication to avoid galling.

4.2 Welding
 Aluminum is weldable but requires specialized techniques like TIG or MIG 

welding.
 Oxide layer must be removed prior to welding.
 Prone to porosity and hot cracking in some alloys.

4.3 Casting
 Excellent castability, especially in high-silicon content alloys.
 Common casting processes: sand casting, die casting, permanent mold 

casting.

4.4 Rolling and Extrusion
 Ideal for extrusion due to high ductility.
 Used to produce pipes, rods, angles, T-sections, etc.



5. Corrosion Resistance
 Aluminum naturally forms a passive oxide layer (Al₂O₃) which protects it 

from further oxidation.
 Corrosion resistance improves with elements like Mg, Mn, and Cr.
 In marine environments, 5xxx series alloys are preferred for their saltwater 

resistance.
 Can be anodized to improve surface hardness and corrosion resistance.

6. Comparison with Steel
Property Steel Aluminum
Density ~7.85 g/cm³ ~2.7 g/cm³
Young’s Modulus ~210 GPa ~69 GPa
Yield Strength 250–500 MPa (mild–

HT)
50–350 MPa 
(depending on alloy)

Corrosion Resistance Requires coating Naturally corrosion 
resistant

Cost Generally cheaper More expensive
Fabrication Easy, common 

methods
Needs special 
welding

Thermal Conductivity Moderate Very high
Recyclability High Very high

7. Applications of Aluminum in Civil Engineering
7.1 Structural Applications

 Roof trusses and lightweight frame systems.
 Modular buildings and prefabricated housing.
 Aluminum alloy reinforcements (in composite forms).

7.2 Facade and Curtain Wall Systems
 Extensively used in modern building facades due to its corrosion 

resistance, lightweight, and aesthetics.
 Aluminum window and door frames with thermal breaks.



7.3 Bridges and Walkways
 Used in pedestrian bridges, railings, handrails.
 Offers lightweight and corrosion-resistant alternatives to steel in certain 

footbridges.

7.4 Roofing and Cladding
 Aluminum sheets used for roofing, cladding, and composite panels (ACP).
 Can withstand severe weather conditions with minimal maintenance.

7.5 Transportation Infrastructure
 Components of signposts, light poles, traffic signal poles.
 Used in formwork systems due to lightweight and easy handling.

7.6 Utility Structures
 Overhead electrical transmission lines.
 Used in mobile towers and communication towers.

8. Sustainability and Recycling
 100% recyclable without loss of properties.
 Recycling aluminum uses only ~5% of the energy required for primary 

production.
 Aluminum is a sustainable construction material that contributes to green 

building certification systems (e.g., LEED).

9. Limitations of Aluminum in Civil Engineering
 Cost: Higher than conventional steel or concrete.
 Low stiffness: Requires larger sections to achieve the same deflection 

control as steel.
 Fatigue and creep: Susceptible under sustained or cyclic loads.
 Fire resistance: Melts at a much lower temperature than steel (~660°C vs. 

~1450°C), affecting fire design.



10. Aluminum Formwork Systems in Civil Engineering
Aluminum formwork is gaining popularity due to its high reusability and speed in 
modern construction.

10.1 Overview
 Prefabricated aluminum panels are used as molds to cast concrete walls, 

slabs, and columns.
 Commonly used in mass housing projects and multistorey buildings.

10.2 Advantages
 Lightweight: Easier to handle on-site compared to steel or timber 

formwork.
 High number of repetitions: 250–300 uses possible with proper care.
 Faster cycle time: Facilitates floor-per-day construction.
 Better finish: Concrete surfaces require minimal plastering.
 Accurate dimensions: Reduces human error and variation.

10.3 Limitations
 High initial cost.
 Not flexible for architectural changes once fabricated.
 Requires skilled labor for assembly and handling.

11. Modern Innovations in Aluminum Use
11.1 Structural Aluminum Alloys

 Development of 7005, 6082, and 2024 alloys with enhanced mechanical 
properties.

 Heat-treated and precipitation-hardened alloys used in semi-structural 
applications.

11.2 Composite Applications
 Use of Aluminum Composite Panels (ACP) for cladding and facades.
 Integration of aluminum with glass fiber or carbon fiber in structural 

panels.



11.3 3D Printed Aluminum Structures
 Emerging technology using Selective Laser Melting (SLM) for intricate 

load-bearing components.

11.4 Nanocoated and Self-cleaning Aluminum
 Use of nano-TiO₂ coatings for self-cleaning building envelopes.
 Improves durability in polluted or marine environments.

12. Testing and Evaluation of Aluminum
12.1 Tensile Testing

 Performed as per ASTM E8 or IS 1608.
 Evaluates yield strength, ultimate tensile strength, and elongation.

12.2 Hardness Testing
 Brinell and Vickers hardness tests used depending on alloy.
 Used to assess wear resistance.

12.3 Impact Testing
 Charpy impact test, particularly at sub-zero temperatures, to determine 

toughness.

12.4 Corrosion Resistance Testing
 Salt spray test (ASTM B117) used to simulate marine environments.
 Pitting and galvanic corrosion assessments.

12.5 Fatigue and Creep Testing
 High-cycle fatigue testing under fluctuating loads.
 Creep tests important for aluminum components under long-term static 

load (e.g. roof trusses in hot climates).

13. Codes, Specifications, and Standards
To ensure uniformity, quality, and safety, aluminum in construction is governed by 
the following standards:



13.1 Indian Standards (IS)
 IS 737 – Wrought aluminum and aluminum alloys.
 IS 2676 – Guide for manufacturing and inspection of aluminum alloy 

castings.
 IS 1285 – Specification for extruded aluminum bars, rods, and sections.

13.2 International Standards
 ASTM B209 – Aluminum and aluminum-alloy sheet and plate.
 EN 1999 (Eurocode 9) – Design of aluminum structures.
 AA (Aluminum Association) standards – Used widely in North America.

14. Safety Considerations When Using Aluminum in 
Construction
Although aluminum is user-friendly, certain safety protocols must be observed:

14.1 Welding Hazards
 Fumes from aluminum welding contain ozone and nitrogen oxides.
 Proper ventilation and PPE (Personal Protective Equipment) necessary.

14.2 Handling and Storage
 Avoid direct contact with alkaline substances (e.g. wet concrete) which can 

corrode aluminum.
 Store in dry, covered environments to prevent galvanic reactions with other 

metals.

14.3 Fire Resistance
 Low melting point (660°C) can be a concern in structural fire scenarios.
 Fireproofing coatings or combination with fire-resistant insulation can be 

used.

15. Future of Aluminum in Civil Engineering
Aluminum is poised to play a more significant role in sustainable and modular 
construction.



15.1 Green Building Integration
 Recyclability and minimal maintenance align with green certification 

systems.
 Aluminum curtain walls and ventilated facades enhance energy efficiency.

15.2 Lightweight Bridges and Modular Systems
 Suitable for prefabricated pedestrian bridges, temporary shelters, and 

modular schools.
 Integration with solar panels and smart sensors being explored.

15.3 Circular Construction Economy
 End-of-life reuse of aluminum elements.
 Push for design-for-disassembly (DfD) principles using aluminum.
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