
  

Energy Absorption - Axial Buckling of Tube 

 

Principles  

Energy absorption structures can be found in many industrial applications such as crash barriers along 

motorways and car sections for passenger safety. These types of structures are mainly used in dynamics 

events and their objective is to reduce the severity of an impact between bodies.  For instance, box 

sections in the front and rear of a car aid reducing the severity of an impact to the driver and passengers 

in the event of a crash by absorbing energy during deformation.  

An energy absorption structure usually starts with a theoretical model to understand the principles behind 

its energy absorption capabilities. One of these studies is the axial compression of tubes between flat 

plates or axial buckling. When a tube is crushed using an axial load through two flat plates, it shows a 

progressive plastic folding behavior. The shape of the folds depends on the dimensions and material 

properties of the tube. 

 

The deformation of the tube, as shown in Fig. 1, is the combination of bending at the plastic hinges at A, 

B and C and hoop stretching between AB and BC. In order to calculate the mean load (P M required to 

deforming) the tube, the work done (W IN )  by this load over the compression length 2H  is used: 

 

The work done by the load is equal to the energy required for the plastic deformation of the tube: 

 

As previously described, the plastic deformation of the tube is the combination of plastic bending. From 

first principles: 

 



  

Where W B is the plastic bending energy dissipated during deformation and M 0 is the yield bending 

moment at the hinges. Obtained from first principles, the energy dissipated during stretching of AB and 

BC is: 

 

Conservation of energy dictates: 

 

Combining equations (1), (2) and (3), the mean load, P M, can be obtained: 

 

The fold length, H, is that which produces the least value of P M (dP M / dH=0), hence: 

 

Substituting in equation (4): 

 

Since the term in the parenthesis is negligible and assuming that the possible compression of the fold is 

less than 2H, then: 

 

Where σ0 is the yield stress from: 

 

Practical Case  

Aluminum tubular sections are being tested to understand their energy absorption capabilities. Later, 

these sections will be part of passive safety measures of a new car development. Initial testing is focused 

on quasi- static deformation, for this reason, axial buckling analysis is performed on a tubular section 

which dimensions are, OD 52 mm and ID 48 mm. The plate axially loading the tube moves at a speed of 5 

mm/ms.  

 

 



  

RADIOSS Implementation  

A similar model as the one described in the Practical Case section has been set up in HyperCrash, a pre-

processor for dynamics events part of HyperWorks. The pre-processing of the model involves:   

 •  Generate the material (aluminum) and property to be associated to the model   

 • Create a rigid wall acting as the plate axially loading the tube    

•  Recreate the boundary conditions experienced during the test  such as plate velocity and constrain of 

the tube at one end. 

 

 

Once the model is completely pre-processed, it is solved using RADIOSS, a dedicated solver for explicit 

solutions. After running the axial buckling analysis, the results will be post-processed in HyperView/ 

HyperGraph for reviewing the results. 



  

 

 

The result from RADIOSS is representative of axial buckling events. The initial peak marks the maximum 

compression to initiate the buckling and subsequent peaks in the compression pattern marks the pressure 

required to generate the each of the folds in the collapse structure. According to the graph above, the 

mean pressure, P M, necessary to generate a full lobe is: 

 

Where: 

 

The analysis in this tutorial uses approximate general values for aluminum, why don’t you try to use 

specific values or even other materials  to understand axial buckling. 


