
AVIATION ENGINEERING SAFETY

Aviation Safety and Engineering Analysis: A 
Comprehensive Guide to Bird Strike Mitigation and 
Structural Integrity
Published: February 28, 2025  |  Index ID: #690

In the high-stakes domain of commercial and military aviation, the phenomenon colloquially known as a bird strike

—or more formally as Wildlife Hazard Management (WHM)—represents one of the most persistent and

mathematically complex challenges for engineers, pilots, and airport operators. A bird strike is strictly defined as a

collision between a bird and an aircraft that is in flight, on a takeoff roll, or during a landing maneuver. While the

term is often expanded to include other wildlife, the aerial nature of bird strikes poses a unique risk to aircraft

propulsion systems and structural components.

The Theoretical Framework of Kinetic Impact

To understand the severity of a bird strike, one must analyze the physics of the impact through the lens of kinetic 

energy. The fundamental principle governing these collisions is KE = ½mv², where m is the mass of the bird and v

is the relative velocity of the aircraft. Because the velocity is squared, a relatively small increase in aircraft speed

results in a disproportionately massive increase in impact force.

For example, a 4-pound (1.8 kg) bird striking an aircraft traveling at 250 knots (approximately 128 m/s) generates

an impact force equivalent to several tons of weight applied instantaneously. This force is often concentrated on a

very small surface area, such as the leading edge of a wing, the cockpit windshield, or the rotating blades of a

turbofan engine. This concentration of energy leads to localized material failure, plastic deformation, or catastrophic

fragmentation.

Mathematical Models and Finite Element Analysis (FEA)

Modern aviation engineering relies heavily on Finite Element Modelling (FEM) to simulate these impacts before a 

single piece of hardware is manufactured. By dividing the aircraft structure into millions of smaller 'elements,' 

engineers can use computational fluid dynamics (CFD) and Smooth Particle Hydrodynamics (SPH) to predict how 

materials will behave under the extreme strain of a strike. These simulations are critical for assessing Airframe 

Integrity Requirements, ensuring that the fuselage can withstand a strike without losing pressurization or critical

control functionality.



Impact Variable Impact on Energy (KE) Structural Risk Level

Bird Mass (1kg to 2kg) Linear Increase Moderate - Leading Edge Damage

Velocity (150kts to 300kts) Quadrupled Energy High - Potential Penetration

Impact Angle (90°) Maximum Force Critical - Component Failure

Impact Angle (15°) Deflected Force Low - Surface Abrasion

Airframe Integrity and Certification Requirements

Regulatory bodies such as the Federal Aviation Administration (FAA) and the European Union Aviation Safety 

Agency (EASA) have established rigorous certification standards for bird strikes. Specifically, FAR 25.631dictates

that an airplane must be capable of continued safe flight and landing after hitting an 8-pound bird at the most

critical location at a speed equal to the design cruising speed (Vc) at sea level.

Component-Specific Requirements

•  Windshields: Must be able to withstand the impact of a 4-pound bird without penetration. Modern windshields 

use multi-layered chemically strengthened glass and polycarbonate to absorb and dissipate energy.

•  Engines (Turbofans): Must demonstrate that they can ingest a 'large' bird without catching fire, releasing high-

energy fragments through the casing, or losing the ability to shut down safely. This is tested using 'bird cannons' 

during the certification phase.

•  Empennage (Tail Section): The vertical and horizontal stabilizers are particularly vulnerable during high-speed 

descents. Engineering focus here is on preventing 'flutter' or loss of control after a leading-edge strike.

Technical Analysis of Engine Ingestion

The turbofan engine is arguably the most sensitive component during a bird strike event. When a bird is ingested, it 

typically passes through the fan blades. If the bird is large enough, it can cause Fan Blade Out (FBO)events,

where the centrifugal force causes a damaged blade to detach. The engine casing must be 'armored' with Kevlar or

high-strength alloys to contain this debris, preventing it from piercing the fuel tanks or the cabin.

The Physics of Ingestion Phases

1.  Impact: The bird strikes the leading edge of the fan blades, causing bending stress.

2.  Centrifugal Throw: Smaller birds are often thrown into the bypass duct, resulting in minimal core damage.

3.  Core Ingestion: If remains enter the engine core, they can cause compressor stalls, surge, or flameouts due 

to the disruption of airflow and foreign object damage (FOD).

Operational Guidance for Flight Crews

Statistics from SKYbrary Aviation Safety and ICAOindicate that the majority of bird strikes occur during the

takeoff, initial climb, approach, and landing phases. This is primarily because bird activity is concentrated below

3,000 feet Above Aerodrome Level (AAL).

Pre-flight and Departure Mitigation

Flight crews should prioritize situational awareness. If NOTAMs (Notices to Airmen) indicate high bird activity, crews

should consider delaying takeoff or using a higher climb gradient to exit the 'danger zone' quickly. Additionally,



turning on landing lights, even during the day, has been shown in some studies to increase the 'conspicuity' of the

aircraft, giving birds more time to react.

Procedures During a Strike

If a strike occurs during the takeoff roll, the decision to 'Reject Takeoff' (RTO) must be made before V1 speed. Post-

V1, the priority is to maintain control, fly the aircraft, and assess engine instruments. Guidance for Flight Crews

emphasizes that a 'thud' or smell of organic material (often described as 'burnt chicken') in the cabin air

conditioning system is a primary indicator of an engine strike.

Wildlife Hazard Management at Airports

Airport operators use a data-driven approach, often coordinated by IATA and ALTA, to manage bird populations

near runways. This involves an Integrated Pest Management (IPM) strategy that moves beyond simple scaring

tactics.



Management Category Specific Actions Effectiveness

Habitat Modification Removing standing water, planting 
'unpalatable' grass types.

Long-term / High

Acoustic Deterrents Propane cannons, distress call 
recordings.

Short-term / Moderate

Visual Deterrents Lasers (at night), robotic birds of prey. Variable

Active Dispersal Falconry, pyrotechnics, trained dogs. High / Resource Intensive

Health and Safety Protocols for Maintenance Teams

A frequently overlooked aspect of bird strikes is the biological hazard posed to ground crews and maintenance 

technicians. The Health Guidelines: Bird Strikeprotocols emphasize that bird remains can carry pathogens (e.g.,

Avian Influenza). When cleaning an engine or airframe after a strike, technicians must adhere to the following

safety standards:

•  Personal Protective Equipment (PPE): Always wear disposable nitrile gloves and eye protection. In cases 

where high-pressure washing is required, a face mask (N95 or better) and disposable coveralls are mandatory to 

prevent the inhalation of aerosolized biological matter.

•  Disinfection: Use approved aviation-grade disinfectants that do not cause corrosion to aluminum or composite 

surfaces.

•  Waste Disposal: Biological remains must be treated as biohazardous waste and disposed of according to 

local environmental regulations.

Case Study: High-Impact Strikes and Data Trends

A notable incident involving a Boeing 737-900 in 2012 highlights the risks during the descent phase. While passing

through 6,000 feet near Denver, the aircraft struck a large bird in Visual Meteorological Conditions (VMC). Despite

the altitude, the strike caused significant structural damage to the nose radome. This case underscored the reality

that while most strikes happen low, 'high-altitude' strikes are increasing as certain migratory species adapt to new

environmental patterns.

Reporting is the backbone of future safety. IATAhas been working closely with airlines to consolidate historical bird

strike data. This collaborative effort allows for a 'risk-map' to be created, identifying airports with high-impact rates.

In 2023, safety reports indicated that emerging risks are particularly prevalent in regions with rapid urban

expansion near wetlands, forcing wildlife into closer proximity with flight paths.

The Future of Bird Strike Mitigation

Looking forward, the integration of Avian Radarsystems offers the most promise. Unlike traditional radar, these

systems are tuned to detect the small radar cross-sections of birds. When integrated into an airport's Safety

Management System (SMS), these radars can provide real-time 'bird intensity' scores to air traffic controllers, who

can then implement 'tactical holds' for departing aircraft.

Additionally, the shift toward Electric Vertical Takeoff and Landing (eVTOL) aircraft presents new challenges.

These aircraft often use multiple small rotors which are more susceptible to damage from small birds than large



turbofans. Engineering requirements for these new platforms are currently being drafted, leaning heavily on the

legacy data provided by decades of commercial aviation bird strike analysis.

The management of bird strike risk is a multi-disciplinary effort. It requires the mathematical precision of structural

engineers, the tactical discipline of flight crews, the environmental expertise of wildlife biologists, and the rigorous

data sharing of international organizations like ICAO and IATA. As aircraft become quieter and air traffic density

increases, the margin for error shrinks, making the continued evolution of strike-resistant technology and bird-

deterrence strategies a critical pillar of global aviation safety.
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