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Exercise 1: Chassis Analysis; Pick-up Truck 

Background: 

The following report describes the relative importance of certain properties when designing a 
pick-up truck’s chassis. A pickup truck is a light-duty truck; its structure is of an enclosed cab 
and a bed (open cargo area). 

Mechanical/physical properties associated with the safety of the passengers/driver, towing, 
loading weight (goods and animals), and handling tough roads require specific candidate 
materials for the chassis. 

The material chosen for the chassis is HSLA Steel, taking into consideration the following 
properties: 

• Density 
• Young’s Modulus 
• Yield Strength 
• Ultimate Tensile Strength  
• Toughness 
• Fatigue Strength 

 

Density: The density of a material is its mass per unit volume. 

The density of the chosen chassis material is important when trying to achieve a rigid and 
durable structure that can withstand the shock, twist, vibration and other stresses, while 
maintaining a light weight. Higher overall weight of a vehicle necessitates more energy to 
move, thus reducing fuel efficiency. 

 

Young’s Modulus/ Stiffness: ratio of stress to strain when deformation is totally elastic; 
also, a measure of the stiffness of a material. 

One of the most important characteristics of any car is its crashworthiness and penetration 
resistance, since it concerns the safety and comfort of the passengers. This effect is largely 
dependent on the stiffness and rigidity of the chosen material.  

During a car-crash, the chassis’ torsional stiffness will offer resistance per degree change 
when twisted. This effect allows the structure to tolerate a certain amount of distortion. This 
resistance prevents the chassis from distorting further, allowing for the impact to push deeper 
into the truck, and reducing the safety of the passengers inside.  

 

Yield Strength: stage before permanent deformation 

Yield strength is when a material is loaded beyond its yield stress, and no longer exhibits 
linear elastic behavior. In other words, it’s the maximum weight that can be placed on the 



chassis and allowing it to return to its original position. Any additional weight would cause 
the chassis to permanently deform.  

It is important that the chassis’ material can carry maximum load with the lowest 
deformation, explaining why HSLA Steel is proved to be the best material for pick-up truck 
chassis. In comparison to other materials, it has the least deformation under maximum 
loading conditions, which is necessitated by the common uses of a pick-up truck.  

 

Ultimate Tensile Strength: stage before necking 

Ultimate Tensile Strength is the maximum stress that a material can withstand while being 
stretched or pulled before necking, which is when the specimen’s cross-section starts to 
significantly contract. For a pick-up truck, this situation is evident during the maximum 
loading weight it can handle without it beginning to break.   

Pick-up truck loads are put into the bed of the truck, whereas less weight is applied on the 
front end (passenger/driver cabin). The centre of the chassis handles the most stress as it tries 
to offset the load from both sides and maintain equilibrium. The high ultimate tensile strength 
would prevent the frame from contracting and being pulled apart. 

In addition, towing is another common use of a pick-up truck’s chassis which is relevant to 
its ultimate tensile strength. The pick-up truck should be able to hoist and pull another 
automobile with a hitch on its rear end. A large amount of stress should be able to 
pull/contract the hitch without necking. Otherwise, towing after the necking phase will cause 
the neck to narrow down until it breaks. 

 

Fatigue Strength: highest stress that a material can withstand for a given number of cycles 
without breaking.  

During the truck’s life span, it will continuously undergo resonant vibrations which could be 
harmful to the truck in the long term, without any evident warnings of its impending failure. 
Vibrations are a type of cyclic loading that eventually causes structural damage to the chassis 
through the growth of cracks. 

Pick-up trucks must repeatedly withstand the stresses and vibrations from potholes, bumps 
and bad quality roads, and the chassis’ design must withstand fatigue related to vibrations 
during its entire operating life, as well as prevent environmental noise pollution and enhance 
the comfort of the passengers inside. 

In addition, the loading of goods and animals is a common use of a pick-up truck vehicle; the 
before and after loading of a pick-up truck are cyclic loads which result in high bending 
moments over the rear end that the chassis should continuously withstand without breaking. 
This example is analogous to aircrafts consistently departing and landing, and the drastic 
change of pressure levels. Both examples prove that fatigue strength should repeatedly handle 
compression forces, in order to have a longer life span.    

 



Toughness: measure of the energy absorbed before and during the fracture process; it is 
equal to the area under the tensile stress/strain curve. 

The toughness of a chassis is extremely important in preventing major deformation in the 
event of a high-strength impact (crash). The “ripple effect” is caused when the chassis’ 
toughness effectively dissipates the initial strength of impact, and equally distributes it along 
the entire chassis length, preserving the shape of the driver’s/passenger’s cabin. Otherwise, if 
the strength of the impact is localized to a smaller area, the likelihood of more damage being 
done to either the chassis or cabin greatly increases. 

 

Works Cited 

file:///C:/Users/user/Downloads/V1I3-IJERTV1IS3065.pdf 

file:///C:/Users/user/Downloads/DesignandAnalysisofaPickupTruckChassis.pdf 

https://www.thoughtco.com/what-is-the-physics-of-a-car-collision-2698920 

http://www.safermotoring.co.uk/how-chassis-contributes-car-safety.html 

https://www.linkedin.com/pulse/materials-automotive-body-chassis-structure-pooyan-nayyeri 

https://www.thoughtco.com/what-is-the-physics-of-a-car-collision-2698920
http://www.safermotoring.co.uk/how-chassis-contributes-car-safety.html
https://www.linkedin.com/pulse/materials-automotive-body-chassis-structure-pooyan-nayyeri

