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CRASH DYNAMICS

Upon successfully completing this session, the participants will be able to:

• Relate Newton’s Law of Motion to occupant injury in a motor vehicle crash;

• Describe the three collisions in a crash;

• List four types of crashes;

• Describe what happens to unrestrained occupants during the four types of crashes;

• Describe five ways restraints prevent or minimize injury;

• Discuss why some crashes are unsurvivable; and

• Discuss replacement of occupant protection systems after a crash.
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B. Collisions in a Crash
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Slide 1: Title

Slide 2: Newton’s Law of Motion

Instructor Note: Preparatory discussion regarding the physics associated with crashes. Remind the participants that Newton’s Law of Motion is established science, and that they have, or will encounter situations where this law of physics will be in evidence.
A. Newton’s Law of Motion

An object in motion remains in motion at the original speed until acted on by an outside force.

Sir Isaac Newton’s theory studying gravitation and motion: An object in motion continues to remain in motion at the original speed until acted on by an outside force. In other words, an object keeps moving in the direction it was headed until it is stopped by something.

• For a vehicle, that thing may be the brakes or another vehicle or a tree.
• For the occupant of that vehicle, it could be the windshield or a seat belt or child restraint system.
Note: In a motor vehicle crash, occupants will hit something. To a degree, one can choose what will be hit (e.g., steering wheel, dashboard, windshield, pavement, seat belt.)

B. Collisions in a Crash

Slide 3: Collisions in a Crash

Instructor Note: Preparatory discussion with the participants to demonstrate that there are three collisions that occur in every crash. This relates back to Newton’s Law of Motion. As an example, the vehicle crash may be over, but internal organs remain in motion and can often result in injuries or death depending on the forces placed on them.
The three kinds of collisions which happen in a crash:

Instructor Note: Explain each collision in each phase, give examples of each phase.

Vehicle: the vehicle hits an object, such as a tree or another vehicle.

Human: the people in the vehicle hit the inside of the vehicle and each other. This can hurt people badly. But if they wear seat belts, they are more likely to avoid serious injuries. Instead, they may only be bruised from where they hit the seat belt.

Internal: organs inside a person’s body may hit other organs, bones, or even the inside of the skull. The person may look fine but the liver, heart, or other organs may be torn, bruised, or bleeding inside. This is the most serious type.
C. Forces in a Crash and How Restraints Prevent Injury

In any crash, even a small one, the people in the vehicle can be badly hurt. Most of us don’t know how much force there is in a moving vehicle. Consider this: a car going 40 mph would hit a tree with the same force as hitting the ground after falling off a 50-foot cliff. A person inside that car would hit the windshield with the same force as hitting the ground after falling off a five-story building.
A variety of factors affect the amount of force involved in a crash. It is important for parents to understand that the forces involved in a crash can kill or cause serious injuries to their child. One way to help the public understand crash forces is by explaining that the force needed to restrain an occupant can be roughly estimated by taking the weight of the occupant times the pre-crash vehicle speed.

• For Example: A 10 pound infant in a motor vehicle moving at 30 mph could require at least 300 pounds of force to restrain the infant.
Instructor Note: This is a simple description of the force needed to restrain an occupant.

Slide 4: Crash Forces

Instructor Note: Describe the simple formula to identify restraining force needed to hold a small child or infant. Example could be the restraining force necessary to hold onto a 12-pound bowling ball in a crash at 40 mph (480 pounds).
Use this approximation when explaining to parents how much force is needed to hold on to their children, or hold on to the person sitting next to you if they are not restrained.
WEIGHT X SPEED = RESTRAINING FORCE

D. Types of Crashes

Slide 5: Types of Crashes

Instructor Note: The following slides will discuss each type of crash in greater detail.
Four types of crashes:

1. Frontal

2. Lateral (side impact)

3. Rear-end

4. Rollover

What Happens to Occupants in the Four Types of Crashes?
Slides 6 - 8: Frontal Crashes

Instructor Note: Slide 7 is a video clip.

Frontal impacts result in forces coming together at the forward portion of the vehicle. Typically result in passengers initially being thrown forward.
Frontal Crash: The most frequent but not necessarily the most severe in causing fatalities.

• Common injuries to unrestrained occupants:
○ Fractures of the skull, spine, and ribs

○ Cuts and bruises to the head and face

○ Injuries to larynx, liver, and spleen
Slides 9 - 10: Lateral (Side) Impact

Instructor Note: Lateral impact can result in substantial penetration of the passenger compartment, and can represent a greater danger due to lack of space available for crush offered by frontal or rear-end crashes.
Lateral Crash (Side Impact): Frontal impacts are the most frequent, but side impacts are typically the most deadly.
• There is less space between the striking vehicle and the occupants of the struck vehicle than in a frontal crash.

• As a result, side impact crashes are a more dangerous type of crash for the occupants sitting on the same side as the impact.

• Typically the most deadly type of crash due to less crush space. 

• Minor differences in number of fatalities between left and right side.

• Common injuries include:

○ Chest and pelvic injuries

○ Facial and skull fractures
Slides 11 - 12: Rear-End Crashes

Instructor Note: A common form of collision, rear-end crashes often involve a frontal collision with at least one other vehicle. Occupants in vehicles struck from behind typically move forward as a result of the collision.

Rear-End Crashes: Rear-end crashes usually occur when both vehicles are moving forward or when the front vehicle is stopped and account for 3.5 percent of fatalities. 

• Usually less severe.

• Common injuries include:

○ Cervical fractures

○ Stretching/tearing of neck ligaments and tendons (whiplash)

○ Properly set head restraint can decrease risk of injury
Slide 13: Rollover Crashes

Instructor Note: Rollover and vaulting crashes can result in ejection (due to lack of belt use), increased exposure to injury due to rotation(s) of the vehicle.
Rollover Crashes: A rollover crash involves the vehicle rolling over onto its side or top (upside down), one time or many times.

• Often cause of ejection

• Rollovers = side to side and vaults

• Severity of injury depends upon number of rotations, etc.

• Often cause ejection

• Ejected occupants are four times more likely to be killed
Two dangerous crash events can occur in almost any crash or chain of crash events.

Rotations or “spins”

• In a rotation, unrestrained occupants are more likely to be injured as they impact with the vehicle’s interior repeatedly, and are much more likely to be ejected from the vehicle than restrained occupants.

Ejection

• Ejected occupants are four times more likely to be killed as those who remain inside.

They are 14 times more likely to receive cervical spine injuries.
Occupants in non-collisions

• People can get hurt when their vehicles swerve, skid, or stop suddenly, especially if they are unbelted.
E. Survivability

Slide 14: Survivability

Instructor Note: 37,000 fatal crashes (20,000 were unrestrained). Focus on and illustrate the high level of non-belt use in fatal crashes. Reinforce the importance of belt use not only by the general public to prevent injury or death but the same is true for law enforcement officers who have a greater risk of exposure to be involved in a crash.

The use of a seat belt increases chances of reduced injuries or death; however it must be pointed out that not all crashes are survivable.  Some crashes are so violent that even properly restrained occupants are injured or killed.
• If the occupant compartment is crushed, restraints may be unable to prevent injury or death.

• A variety of factors determine injury outcome.
• Seat belts and child restraint systems are designed to protect against the type of crash forces most likely to occur.
Slide 15: Module Wrap-Up

Instructor Note: Reinforce the importance of law enforcement use of seat belts, remind participants: A Police officers risk/exposure of being involved in a crash is greater than the general public, and using a seat belt is your best method to reduce or avoid injury.
Slide 16: End of Module Two
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