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Abstract: Computer based numerical stress analysis methods viz. FEA have permitted the complex 

distribution of stress in engineering to be more calculated. These allow linear and non-linear stress 

analysis to be performed for static and dynamic loads. As per the results obtained the various failures can 

be analysed and accordingly design modification can be taken forward. 
 
In this paper, Failure analysis of an open flatbed (cargo) when subjected to Accelerated durability test is 

considered. This cargo is designed for a pick up vehicle with a load carrying capacity of 1.5t. In this test a 

3g overload simulation is carried. i.e. applying a load of 3 times gravitational force by Max Payload (1.5t) 

on the cargo floor where failures are observed at different locations of the cargo. 
 
It was observed that the weak sections of the cargo that suffers maximum stress are to be strengthened by 

adding appropriate gussets and reinforcements for avoiding failures. The prime objective of this work is 

to design enrichment of cargo so as to avoid the failure at accelerated durability test. 
 
Keywords: Accelerated durability Test, Design modification, Pickup Cargo. 

 
1. Introduction  
Transportation is an important component of 
the economy influencing the development and 
welfare of the population. Improving the 
efficiency in order to meet the rising challenge 
and grow their market position has become 
important for the commercial vehicle industry. 
Design enrichment plays an important role in 
improving the sales of existing product. 
 
A pickup truck is often simply referred to as a 
pick -up. It is a light motor vehicle with an open-
top, rear cargo area (bed). These are popular as 
personal transport vehicles and commonly used 
by trade people for commercial load carrying 
purpose. Cargo is a key part in the pick-up 
vehicles whose function is to bear the payload 
mounted on it and simultaneously maintain the 
relation with chassis on which it is mounted. 
When the pick-up vehicle travels along the road, 
cargo is subjected to stress, bending moment 
and vibrations induced by road roughness, 
weather conditions and loads that are mounted 
on it. Stress acting on cargo varies with the 
displacement of each part on the cargo 
assembly. Because of this behaviour of the cargo 
that always subjected to stress (static or 
dynamic), some of the critical part will collapse 
which would result in overall cargo failure. 

 
2. Load Cases  
A vehicle is stressed by loads during its lifetime 
and the designer needs to understand the worst 
or most damaging loads to which the structure 
of the automobile is likely to be subjected. This 
is done in order to ensure that the structure 
will not fail in service. In design consideration, 
the global load cases affecting the structure as a 
whole are considered for analysis  
The basic global load cases are follows:  

Vertical or Bending load case 
Lateral or Cornering load case 
Fore or Braking load case  

2.1 Vertical Load Case: The vertical symmetrical 
load case occurs when both wheels of the axle of 
the vehicle encounter a symmetrical dump 
simultaneously. This applies a bending moment to 
the vehicle about a lateral axis. The bending 
conditions depend on the weight of the major 
components of the vehicle and payload along the 
vehicle frame. The loading in a vertical plane, the x-
z plane due to weight of components is distributed 
along the vertical frame which cause bending 
about the y-axis.  
Let us assume the engine puts out 711.22 NM of 
torque and final drive ratio is 6.03:1. The drive 
line efficiency is 85 percent and we are using a 
tire with a rolling radius of 0.305M. Vehicle 
weight is 809.9 kg. 
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Boundary conditions: 123 at all the bump stop 
locations  
Observations: A maximum stress concentration 
of 684.91 Mpa is observed on front panel at 75 
cycles. Whereas the acceptance limit is 140 Mpa. 
Reason: The grab rail is bolted to the front 
panel at the c-pillar is flimsy causing a bending 
moment because of which the stress is 
maximum at this region. 
Solution Suggested:  
a) Increase in the length of the grab rail till to 

the cargo floor level.  
Advantage: The grab rail can be mounted rigidly 
with appropriate support.  
Disadvantage: Both cost and weight of the 
product will be increased.  
b) Increase the thickness of the front panel. 
Advantage: The front Panel will become strong 
enough to withstand the forces applied. 
Disadvantage: Both cost and weight of the 
product will be increased.  
c) Add a gusset to support the week section of 

the front Panel and c-pillar.  
Advantage: Additional support is provided to 
the weaker section so that uniform stress 
distribution occurs.  
Disadvantage: Not cost effective.  
Optimal Solution: Addition of a gusset of 2mm 
thickness to support the week section of the 
front Panel and c-pillar is opted 
 

Failure 2 
Region: Side inner panel front end upper 
joinery position.  
CAE Load Case: 0.5g Cornering simulation Load 
applied: 1g x Max Payload applied on floor and 
0.5g x Max Payload applied on side panel (1.5 T) 
 

Boundary conditions: 123 at all the bump stop 
locations  
Observations: A maximum stress concentration 
of 638.45 Mpa is observed on side panel at 75 
cycles. Whereas the acceptance limit is 140 Mpa. 
Reason: Shear forces developed on application 
of the load on side inner panel and front panel 
that lead to the spot weld failure and stress 
concentration.  
Solution Suggested:  
a) Increase the thickness of the side inner 

panel.  
Advantage: The side inner panel will become 
strong enough to withstand the forces applied. 
Disadvantage: Spot weld may fail if the 
dissimilar thickness sheet metals are welded. As 
side outer panel is of 0.8mm thickness and the 
side inner panel is of 1.2mm thickness which 
cannot be extended beyond.  
b) Strengthen the week section of the panel by 

adding a rib. 

 

Advantage: The panel will become strong 
enough to withstand the forces applied.  
Disadvantage: It leads to the die modification 
which is not a cost effective approach.  
c) Add a gussets to support the week section of 

the side panel.  
Advantage: Additional support is provided to 
the weaker section so that uniform stress 
distribution occurs over all the components.  
Disadvantage: Not cost effective.  
Optimal Solution: Addition of a gussets of 
1.2mm thickness to have better joinery between 
the side panel & front panel reinforcement is 
opted 
 

Failure 3  
Region: Floor panel front end.  
CAE Load Case: 3g Overload simulation  
Load applied: 3g x Max Payload applied on the 
floor (1.5 T)  
Boundary conditions: 123 and 13 on Front end 
and 3 and 3 on Rear end  
Observations: A maximum stress concentration 
of 198.45 Mpa is observed on floor panel at 57 
cycles. Whereas the acceptance limit is 140 Mpa. 
Reason: As there is no proper base connection 
from the long members to the floor ends, proper 
load distribution did not take place.  
Solution Suggested: 
a) Add the cross members on either sides of 

the long member to connect the front end  
gussets of the floor panel so that it forms 
ladder assembly.  

Advantage: Proper connection between floor 
ends to the long members can be ensured 
because of which the load applied directly goes 
on to the chassis and the stress will be uniformly 
distributed.  
Disadvantage: Both cost and weight of the 
product will be increased.  
b) Increase the thickness of the floor panel. 
Advantage: The floor Panel will become strong 
enough to withstand the forces applied. 
Disadvantage: Both cost and weight of the 
product will be increased.  
Optimal Solution: Addition of cross member of 
1.2mm on either sides of the long member to 
translate the loads to chassis and reduce stress 
on cargo. 
 

Failure 4  
Region: Tail Gate hinge mounts. 
CAE Load Case: 0.5g load on tailgate  
Load applied: 1g x Max Payload applied on 
floor & 0.5g x Max Payload applied on Tailgate 
panel (1.5 T)  
Boundary conditions: 123 at all the bump stop 
locations 
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Observations: A maximum stress concentration 
of 237.5 Mpa is observed on either hinge mounts 
of the tail gate at 57 cycles. Whereas the 
acceptance limit is 140 Mpa.  
Reason: A very small gussets are present for 
supporting the hinge mounts because of which 
the entire weight of the tail gate is loaded on the 
hinge mount region where shear forces is 
developed.  
Solution Suggested:  
a) Add a cross member along the length of the 

tail gate panel covering both the hinges.  
Advantage: Gives appropriate support to the 
hinge mounts and results in uniform stress 
distribution.  
Disadvantage: Both cost and weight of the 
product will be increased.  
b) Increase the thickness of the tail gate panel. 
Advantage: The tailgate Panel will become 
strong enough to withstand the forces.  
Disadvantage: Both cost and weight of the 
product will be increased.  
c) Modify the existing gusset & its thickness so 

that it properly accommodates the hinges for 

supporting the tailgate panel. 
Advantage: Additional support is provided to 
the weaker section of the tailgate panel so that 
uniform stress distribution occurs.  
Disadvantage: Not cost effective. 
Optimal Solution: Modification of the existing 
gusset with improved thickness of 2.5mm from 
1.2mm is opted 
 

Failure 5  
Region: Side inner panel rear end position. 
CAE Load Case: 3g overload simulation.  
Load applied: 3g x Max Payload applied on the 
floor (1.5 T)  
Boundary conditions: 123 and 13 on Front end 
and 3 and 3 on Rear end  
Observations: A maximum stress concentration 
of 209.46 Mpa is observed on side panel rear 
end at 75 cycles. Whereas the acceptance limit is 
140 Mpa. There is a deflection of 5.03mm is 
observed in Y-direction at d-pillar  
Reason: It is subjected to bending moment on 
application of 3g over load in the cargo because 
of which the stress is maximum on side panel 
near d-pillar and the same got deflected in y-
direction.  
Solution Suggested:  
a) Increase the thickness of the side inner 

panel.  
Advantage: The side inner panel will become 

strong enough to withstand the forces applied. 
Disadvantage: Spot weld may fail if the dissimilar 

thickness sheet metals are welded. As side outer 

panel is of 0.8mm thickness and the side inner 

 

panel is of 1.2mm thickness which cannot be 
extended beyond.  
b) Strengthen the week section of the panel by 

adding a rib.  
Advantage: The panel will become strong 
enough to withstand the forces applied.  
Disadvantage: It leads to the die modification 
which is not cost effective approach.  
c) Add a gussets to support the week section of 

the side panel supporting the d-pillar.  
Advantage: Additional support is provided to 
the weaker section so that uniform stress 
distribution occurs and can overcome the 
deflection.  
Disadvantage: Not cost effective. 
Optimal Solution: Addition of a gusset of 
1.2mm to support the week section of the side 
wall near d-pillar is approached. 
 

Failure 6  
Region: Rear panel and floor panel at rear end. 
CAE Load Case: 3g Overload simulation  
Load applied: 3g x Max Payload applied on the 
floor (1.5 T)  
Boundary conditions: 123 and 13 on Front end 
and 3 and 3 on Rear end  
Observations: A maximum stress concentration 
of 530.87 Mpa is observed on floor panel at 75 
cycles. Whereas the acceptance limit is 140 Mpa. 
Reason: As there is no proper base connection 
from the cross members to cross member and 
also to the rear panel, proper load distribution 
did not take place because of which shear forces 
developed at the either ends of the rear panel.  
Solution Suggested: 
a) Add the gussets on either sides of the floor 

to connect the cross members up to rear 
panel and gussets on the rear panel to form 
a ladder assembly so that the loads applied 
will be translated to the chassis.  

Advantage: Proper connection between the 
cross members can be ensured because of which 
the load applied on cargo will properly 
distributed on to the chassis and the stress will 
be uniformly distributed.  
Disadvantage: Both cost and weight of the 
product will be increased.  
b) Increase the thickness of the rear panel. 
Advantage: The rear panel will become strong 
enough to withstand the forces applied. 
Disadvantage: Both cost and weight of the 
product will be increased.  
Optimal Solution: Addition of gussets of 1.2mm 
thickness on either sides of the floor to connect 
the cross members is opted. This helps in 
translating the loads applied on cargo to chassis. 
Pre-Processing is the act of preparing (meshing) 
a model for analysis. 
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4. Meshing and Analysis.  
HyperMesh is capable of importing geometry 
from many CAD sources. Most of the popular 
CAD packages are read directly and those are 
not readable can be supported by the popular 
intermediate languages as well. HyperMesh 
offers wide verity of tools to remedy the 
geometric errors\issues that generally occurs 
while importation of data.  
The benefits of importing and repairing CAD are:  

Correct any errors in the geometry from 
import  
Create the simplified part needed for the 
analysis  

Mesh a part all at once  
Ensure proper connectivity of mesh  
Obtain a desirable mesh pattern & quality  
4.1 Linear Static Analysis  
When loads are applied to a body, the body 
deforms and the effect of loads is transmitted 
thought the body. The external loads induce 
internal forces and reactions to render the body 
into a state of equilibrium.  
Linear static analysis calculates displacements, 
strains, stresses and reaction forces under the 
effect of applied loads.  
Linear static analysis makes the following 
assumptions:  

Static Assumption: All loads are applied 
slowly and gradually until they reach their 
full magnitudes. After reaching their full 
magnitudes loads remain constant. This 
assumption allows us to neglect inertial and 
damping forces due to negligibly small 
accelerations and velocities. Time-variant 
loads that induce considerable inertial and 
damping forces may warrant dynamic 
analysis. Dynamic loads changes with time 
and in many cases induce considerable 
inertial and damping forces that cannot be 
neglected.  
Linearity Assumption: The relationship 
between loads and induced responses is 
linear. For example, if you double the loads 
the response of the model (displacements, 
strain and stresses) will also double. You 
can make the linearity assumptions if:  
All materials in the model comply with 
Hooke’s law that is stress is directly 
proportional to strain.  
The included displacements are small 
enough to ignore the change in stiffness 
caused by loading.  
Boundary conditions do not vary during the 
application of loads. Loads must be constant 
in magnitude, direction and distribution. 
They should not change while the model is 
deforming. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.2: Linear and Non-Linear Analysis 
operations. 

4.2 Studying the Model  
The normal process for setting up an analysis 
would be the setup of materials, properties and 
components collectors of the model. Following 
are the steps that were used to create collectors.  
a) Create Material from the task bar menu. 
b) Enter steel for the name. 
c) For Card Image select MAT1 (A Linear 

Elastic Isotropic Material)  
d) Assign it a unique color. 
e) Click the Create material button.  
f) The Material card editing panel will open as 

shown below  
g) Click [E], [NU] and [RHO] to open the fields  

beneath them.  
These fields are the mechanical properties for 
the material being created and are defined as 
follows:  
[E] – Young’s Modulus (Modulus of 
Elasticity) [NU] – Poisson’s Ratio 
[RHO] – Density  
h) Create property: While the elements (quads 

and trias) have been created, they need to be 
defined as an entity the solver can analyse. In 
case of Nastran, these 2D elements are defined 
as PSHELL. Creating the PSHELL property will 
give these elements their definition (card 
image) and will allow for the definition of the 
material thickness they  
have. 

Material Properties:  
Young’s Modulus – 2.1e+05 MPa 
Poission’s Ratio – 0.300 Density 
– 7.85e-09 t/mm3 Yield 
Strength – 240MPa Tensile 
Strength – 270 MPa 
 

i) Name the property and select color.  
j) Card Image = PSHELL. As the Steel Material 

was just created you will note it will appear 
as the assigned material.  

k) Create property. The card editing panel for the 

PSHELL card is now opened. The only value 
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that needs to be entered in this card is [T] 
thickness.  

Creation of a component that can have 
Properties and Materials assigned.  
4.3 Load Collector Creation 
After creating the material property and 
component collector for the model, the next step 
was to create load collector for the gravity 
loading in X, Y and Z-directions.  
You can apply loads to geometrical entities in a 
way similar to the manner in which loads are 
applied to mesh. The process includes two basic 
steps.  

Creating a load collector by using the 
Collector panel  
Applying loads to the geometry using one of 
the following panels on the Analysis page: 
Forces, Moments, Constraints, Pressure,  
Temperature, Flux and Velocities. 

To apply a load to a geometrical entity, first 
create a load collector in which the loads applied 
to a geometrical entity will be stored. Next 
access a load panel (such as Forces, Constraints, 
etc.) located on the Analysis page and choose the 
create subpanel. Then select a geometrical entity 
on which the loads will be applied (points, lines 
or surfaces) using the panel selection box define 
the load or boundary condition parameters in 
the same way you would for application of the 
load or boundary condition on a FE mesh entity 
(such as a node).  
We have applied 1.5 tonne payload along with 
the load cases and the cargo should be able to 
bear the loads imposed on them.  
4.4 Creation of Constraints  
The Constraints panel allows you to place 
constraints or enforced displacements on a 
model. This is accomplished by assigning a 
degree of freedom (DOF) constraints to the 
node. Constraints are displayed with a triangle 
that connects to the node with the DOF numbers 
that apply to the node beside the triangle.  
Constraints hold the model in place. Without them 
any force applied to the model would send it flying 
off. Constraints typically represent the physical 
restrictions on a part, like being welds, fasteners or 
other parts that constrain the part and allow it to 
resist the forces applied. These are represented 
through the use of an SPC (single point constraint) 
which restricts the movement of a single node in 
any of 6 degree of freedom (X, Y, Z translational 
and X, Y, Z rotational)  
4.5 Define the Load step  
The final step in the analysis setup was to 
establish a load step. A load step is combination 
of constraints and loads that will define a single 
analysis in the solver. 

 

Multiple load steps can be defined in a single 
model allowing for one run of solver to conduct 
numerous studies.  
4.6 Setting Control Cards and Export for 

Analysis  
The Control Cards panel allows you to set job-
level solver specific data. The available 
control cards are defined in the template file.  
When the panel is accessed the list of available 
control cards is displayed on the lower left 
portion of the menu. The status for the card in 
the database is indicated by the color of the 
control card’s button. Green color signifies that 
the card exists in the database and will be 
written when the export data panel is used with 
the current template.  
SOL - SOL 101 - Static Analysis  
Exporting the model to Nastran format in export 
solver deck.  
By this finite element model is exported to .dbf 
or.nas or .dat file.  
4.7 Run the Analysis 
We are loading the .dbf file into the Nastran 
solver for running the analysis. The.op2 file 
obtained after the analysis is loaded into the 
HyperView post processing too to view the 
results.  
The results obtained from the linear static 
analysis for the cargo are presented in 
comparison with the previous results in case to 
case are as follows. 
 

4.8 Results Comparison 
 

Refer Table 4 for Comparison of results. 
 

5. Conclusion & Scope for Further Work 
5.1 Conclusion: This work Describes an 
approach for design modification in order to 
improve the efficiency & also over the various 
failures that are occurred during ADT. CATIA 
was used as a modeling tool for designing the 
reinforcements & gussets. HyperMesh was used 
as pre-processor for the meshing part. The loads 
and boundary conditions are applied and then 
exported as Nastran output file. Addition of 
material resulted in add-on weight to the cargo. 
The results are viewed with the help of post 
processor software HyperView. It was observed 
that the maximum stress concentration at 
specified locations which lead to the design 
failure are considerable reduced and are very 
nearer to acceptance limit. This resembles that 
the design is safe. 
5.2 Scope for Further Work: In this project we 
have opted for design modification by adding 
the extra material at the week sections in order 
to overcome the failures. The following can be 
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Table 4 Comparison of results     

      
  

Max. Von Mises 
 

Acceptance 
Max. Von Mises 

Failure   stress after 
Location Stress Before 

 
Limit 

No.  modification  modification (Mpa) (Mpa)   (Mpa)      

1 
Front wall c-pillar grab rail mounting 

484.91 
 

140 265.74 
position  

     
      

2 
Side inner panel front end upper joinery 

638.45 
 

140 381.39 
position 

 

     
      

3 Floor panel front end 199.81  140 168.68 
      

4 Tail Gate hinge mounts 237.8  140 148.78 
      

5 Side inner panel rear end position 209.46  140 143.03 
      

6 Rear panel and floor panel at rear end 530.87  140 385.3 
      

 

considered as other important and 
interesting subjects for further work: 
Material properties and geometric dimensions 
of the model can be optimized to ensure efficient 
design 
We can optimize the structure for different 
design objectives like weight reduction, NVH etc.  
We can use bead pattern design to reinforce the 
structure for thin walled structure. 
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