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When a delivery truck crashes into a parked car from behind, understanding the forces involved is
crucial for analyzing the impact's severity and potential damage. In this scenario, the parked car has a
mass of 2550 kg, and determining the force exerted during the collision requires a grasp of basic
physics principles, especially Newton’s laws of motion. This article explores the factors influencing the
force involved in such a collision, the physics calculations needed, and the implications for safety and

vehicle design.

Understanding the Physics Behind the Collision

Newton’s Second Law of Motion

Newton’s second law states that the force exerted on an object is equal to its mass multiplied by its

acceleration:

e Force (F) = Mass (m) % Acceleration (a)

In the context of a collision, the force depends on how quickly the vehicle's velocity changes during

impact.



Impact Dynamics and Key Variables

Several factors influence the magnitude of the force during the collision:

Mass of the vehicle and the parked car

Initial velocity of the moving truck before impact

Duration of the collision (impact time)

Deformation characteristics of the vehicles involved

Understanding how these variables interact helps to estimate the force exerted during the crash.

Calculating the Force During Impact

Determining the Initial Velocity of the Truck

To compute the force, we need an estimate of the truck's speed immediately before impact. For

example:

» Typical delivery trucks may travel at speeds ranging from 10 to 30 miles per hour (approximately

4.5 to 13.4 meters per second)

¢ Assuming a moderate speed of 15 m/s (around 54 km/h or 33.5 mph) for this example



Estimating the Collision Time

The impact duration is usually very short, often between 0.05 to 0.2 seconds:

¢ For this calculation, assume an impact time of 0.1 seconds

Applying the Impulse-Momentum Theorem

The impulse-momentum theorem relates the change in momentum to the force applied over the impact

duration:
¢ Impulse (J) = Change in momentum = Force (F) x Time ([lt)

¢ Rearranged to find force: F = (m x [lv) / [lt

where:
e m = mass of the vehicle (2550 kg)
. Dv = change in velocity (assuming the car is initially at rest, Dv = initial velocity of the truck)

. [lt = impact duration (0.1 seconds)

Calculating the Force

Using the values:

e m = 2550 kg



) [lv= 15 m/s

. [lt = 0.1 seconds

The force exerted is:

F = (2550 kg x 15 m/s) / 0.1 s = (38250 kg-m/s) / 0.1 s = 382,500 Newtons

Therefore, the estimated force exerted during the collision is approximately 382,500 N.

Implications of the Calculated Force

Understanding Vehicle Damage and Safety

A force of this magnitude can cause significant damage to both vehicles involved:
¢ Structural deformation of the parked car
» Potential for the vehicle to be pushed forward or crumpled

» Possible injury risks to pedestrians or occupants if present

Factors Affecting the Actual Force

While the above calculation provides an estimate, real-world factors can influence the actual force:

* Deformation characteristics of the vehicles (crumple zones)



e Energy absorption during impact
¢ Speed variation at the moment of collision

¢ Road conditions and vehicle maintenance

Safety Measures and Prevention

Vehicle Design Improvements

Modern vehicles incorporate safety features to mitigate impact forces:
e Crumple zones that absorb collision energy
* Reinforced frames to withstand high forces

e Advanced braking and collision avoidance systems

Driving and Traffic Safety Tips

Preventing such collisions involves:
¢ Maintaining safe following distances

¢ Adhering to speed limits



¢ Being attentive and cautious in parking areas

¢ Using rearview cameras and sensors when available

Conclusion

In a collision where a delivery truck hits a parked car with a mass of 2550 kg, the force exerted
depends heavily on the truck's velocity and the impact duration. Based on typical impact conditions,
the force can reach hundreds of thousands of Newtons, emphasizing the importance of vehicle safety
features and cautious driving practices. Understanding the physics involved not only helps in assessing
damage but also underscores the critical role of safety measures in preventing such accidents and

minimizing their consequences.

By grasping how forces work during vehicle collisions, drivers, manufacturers, and safety professionals

can better prepare to reduce injuries and damages resulting from these unfortunate events.

Frequently Asked Questions

What is the main physics principle involved when a delivery truck hits
a parked car from behind?

The main principle involved is Newton's Second Law of Motion, which relates force, mass, and
acceleration (F = ma).

How can we calculate the force exerted on the parked car during the
collision?

The force can be calculated using the formula F = Dp / Dt, where I:lp is the change in momentum and



Dt is the collision duration, or by applying Newton's Second Law if acceleration is known.

What additional information is needed to determine the exact force
exerted during the collision?

You need the change in velocity of the car during the collision and the duration of the impact to

accurately calculate the force.

Why is understanding the force exerted important in vehicle safety
analysis?

Understanding the force helps in assessing potential damage, designing safer vehicles, and improving

safety features to protect occupants and reduce damage.

If the car's mass is 2550 kg, how does its mass affect the force
experienced during the collision?

While mass influences the momentum, the force experienced depends on how quickly the velocity
changes; higher mass can lead to greater momentum change, but the force also depends on collision

time.

What role does the collision duration play in determining the force
exerted on the car?

Shorter collision durations result in higher forces because the momentum changes rapidly, whereas

longer durations spread out the force over time, reducing its magnitude.

Can we determine the exact force without knowing the speed of the
truck before impact?

No, without knowing the initial speed of the truck or the velocity change of the car, we cannot precisely



calculate the force exerted during the collision.

How does the mass of the parked car influence the severity of the
collision impact?

A heavier car (greater mass) generally experiences a larger momentum change during impact, which

can lead to more damage or higher forces involved, depending on the collision dynamics.

Additional Resources

A Delivery Truck Hits A Parked Car From Behind: An In-Depth Analysis of Force Exerted

Understanding the dynamics of a collision, especially involving a delivery truck hitting a parked car
from behind, requires a comprehensive examination of the physical principles involved. The core
question—"What force is exerted?"—delves into Newtonian mechanics, momentum transfer, and the
factors influencing impact forces. This article offers an extensive review of the scenario, breaking down

the physics, implications, and relevant considerations for safety and engineering.

Introduction to Collision Dynamics

When a delivery truck collides with a parked vehicle, the event encapsulates fundamental concepts of
physics, including force, momentum, impulse, and energy transfer. Although intuitively it might seem
straightforward—larger vehicle hits smaller stationary car—the precise magnitude of force exerted
depends on several variables such as the truck’s mass, velocity, deformation characteristics, and the

duration of impact.

In this scenario, the parked car has a mass of 2550 kg. Although the truck’s mass and velocity are not
specified, we can explore the general principles to estimate the force involved, assuming certain

parameters or discussing the factors that influence it.



Understanding the Physics: Newton’s Laws and Momentum

Newton’s Second Law of Motion

This law states that the force exerted on an object is equal to its mass multiplied by its acceleration (or

deceleration in the case of a collision):
\[ F = m\times a \]
In the context of a collision, the force is responsible for changing the velocity of the object over the

impact duration.

Momentum and Impulse

Momentum (\( p \)) is defined as:
\[ p=m\times v \]
where \( v ) is the velocity of the object.

The principle of conservation of momentum dictates that the total momentum before and after the

collision remains constant, provided no external forces act during the impact.

The impulse-momentum theorem relates the change in momentum to the average force exerted during

the collision:

\[ F_{avg} \times \Delta t = \Delta p \]



where:

-\( F_{avg}) is the average force,

- \( \Delta t\) is the impact duration,

- \( \Delta p\) is the change in momentum.

This relationship underscores that the force experienced during impact depends heavily on how quickly

the momentum change occurs.

Estimating the Force Exerted During Impact

Since precise data on the truck’s mass and velocity are absent, we can explore the problem through

hypothetical scenarios or typical values.

Suppose:

- The delivery truck has a mass of approximately 3000 kg (a common size for delivery trucks).
- The truck was moving at 20 km/h (about 5.56 m/s).

- The impact duration is approximately 0.1 seconds (a typical value for vehicle collisions).

Using these assumptions, we can estimate the impact force.

Calculating Change in Momentum

- Initial momentum of the truck:



\[ p_{initial} = m_{truck} \times v_{truck} = 3000\, \text{kg} \times 5.56\, \text{m/s} = 16,680\,
\text{kg-m/s} \]

- Final momentum of the truck:

Assuming the truck comes to a complete stop after impact:
\[ p_{final} = 0 \]

- Change in momentum:

\[ \Delta p = p_{final} - p_{initial} = -16,680\, \text{kg-m/s} \]

The negative sign indicates a reduction in momentum (deceleration).

Calculating Average Force

Using the impulse-momentum theorem:
\[ F_{avg} = \frac{\Delta p}{\Delta t} = \frac{16,680\, \text{kg-m/s}}0.1\, \text{s}} = 166,800\, \text{N} \]
This is an enormous force, reflecting the rapid deceleration over a very short time.

Note: Real-world impact forces can vary significantly depending on factors such as deformation,

crumple zones, and material properties, which influence the impact duration and energy absorption.

Factors Influencing the Magnitude of Force

Understanding the force involved in a collision isn’t solely about the vehicle's mass and speed; several



other factors come into play:

Impact Duration

- Shorter impact durations lead to larger forces because the change in momentum occurs over a

briefer period.

- Vehicle safety features like crumple zones extend impact duration, reducing peak forces.

Deformation and Energy Absorption

- Materials that deform absorb energy, decreasing the force transmitted to the vehicle’s structure.

- The stiffness of the vehicles influences how much force is transmitted during collision.

Velocity at Impact

- Force increases with higher impact velocities, often exponentially, making higher speeds much more

dangerous.

Mass of the Colliding Vehicles

- Greater mass results in higher momentum and, consequently, larger forces during collision, assuming

similar velocities.



Implications for Safety and Engineering

Understanding the magnitude of forces during collisions informs vehicle design, safety features, and

accident prevention strategies.

Vehicle Design and Safety Features

- Crumple zones are engineered to increase impact duration, thus reducing peak forces.

- Reinforced structures and airbags aim to manage energy transfer and protect occupants.

Traffic Regulations and Speed Limits

- Limiting speed reduces impact velocity, dramatically decreasing the force exerted during collisions.

Pedestrian and Vehicle Safety Measures

- Barriers, signage, and advanced driver-assistance systems help prevent such accidents or mitigate

their severity.

Pros and Cons of Force Estimation in Collision Analysis

Pros:

- Quantitative understanding helps in designing safer vehicles.



- Assists in forensic accident analysis to determine causes and liabilities.

- Guides policy-making for traffic safety.

Cons:

- High dependence on assumptions and estimations, which can introduce inaccuracies.

- Real-world impacts involve complex deformation and energy absorption, complicating calculations.

- Impact forces are transient and peak values are challenging to measure directly.

Conclusion

The question "What force is exerted?" in a scenario where a delivery truck hits a parked car from
behind involves multiple variables and complex physics. While simplified models can provide ballpark
estimates—such as the approximate 166,800 N force based on assumed parameters—the real impact
force depends on factors like impact duration, vehicle deformation, and velocity. Recognizing these
factors is crucial for designing safer vehicles, implementing effective safety measures, and
understanding accident dynamics. Ultimately, while force calculations are invaluable for engineering
and safety analysis, they must be contextualized within the broader scope of real-world collision

complexities to inform effective safety strategies and policies.
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