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ABSTRACT 

Nonlinear analysis study is performed to understand the Physical behavior of shelf, which is located in refrigerated display case 
and to compare the displacement of numerical value with the experimental value. Nonlinear analysis is beneficial in achieving 
accurate results as compare to linear static analysis. This was done by using HyperMesh to build mathematical model and 
Optistruct to simulate problem with respect to the Lab conditions.  

Hussmann refrigerated display case is specially used for food stores. The shelf has to carry all food weight without failure and it 
has made with steel sheet metal with optimum thickness. The linear static analysis has given good result with in elastic limit and 
which are comparable with tested data’s. But after certain load, the material has to reach plastic large deformation and the 
numerical results are not correlating with tested data. Hence nonlinear analysis is performed on the shelf and the test lab results 
are correlated with FEA results. 
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Introduction: 

Hussmann is more than a world-class manufacturer of quality display cases and refrigeration systems. 

We create innovative solutions and value-added benefits that improve financial results. Hussmann 

produces different kind of display cases, which are assembled with shelves. Since in a year thousands 

of shelves are manufacture in plant in different sizes, depend on loading application. The shelves are 

carrying different things like daily foods, meat, flowers, vegetables etc. This made with galvanized steel 

material in order to avoid corrosion and supported by two brackets. The bracket has made with large 

thickness compare to shelf pan and it is hanged to upright as shown in figure.1. The load has transferred 

from shelf to upright through bracket.  

In order to optimize the thickness of shelves, the experimental test has carried out in Hussmann test 

lab and study the physical behavior of shelf pan while the loading and predicts the value of displacement 

and sagging. In this study there are two different sizes of shelves, first shelf has size of 300x1600 mm 

and second shelf has size of 450x1600 mm. The FEA has performed on each shelf and boundary, load 

conditions were applied with respect to experimental set up. The nonlinear geometric analysis has 

performed to correlate the FEA results with test lab result. 
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Figure.1 Shelf assembly 

 

Experimental setup: 

The test was done in Hussmann test lab and setup was same for both sizes of shelves 

(300x1600 and 450x1600) as shown in below figure.2. Here the load was applying through brick and 

each brick has mass of 4 kg. Two different shelves has different allowable load. The 6 dial gauges were 

mounted over the shelf at different location as shown in figure.3, it helps to find out the displacement at 

different locations over the shelf.  

 

The load was applied at different level and each level has different load distribution pattern over 

the shelf. The load level and load pattern of 300x 1600 mm shelf was different from 450x 1600 mm 

shelf. The load level and pattern has given in figure.4 for both shelves. Finally note down the 

displacement of each dial gauge and calculate the sag of the shelf along width and depth. 
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Figure.2 Experimental setup 

 

 
Figure.3 (a) Dial gauges locations – Top View 

 

 
Figure.3 (b) Dial gauges locations – Front View 
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Figure.4 (a) Load pattern – Steel Bricks 

 

 
Figure.4 (b) Load pattern – Grey Bricks  
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Table.1 Test results for 300x1600 shelf 

 

 
Table.2 Test results for 450x1600 shelf 

 

 

Above table.1 and table.2 shows the sag calculation and maximum displacement values of two shelves 

for different load levels. 

 

FEM model: 

The FEM model was prepared by using Altair Hypermesh-13 version software. The model was 

discretized by both quad and tria elements. The number of elements and nodes were listed in table.3. 

Table.3 FEM model details 

Shelf Nodes Elements 

300x1600 192326 190662 

450x1600 260955 259218 
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Figure.5 Shelf FE model 

 

Boundary and loading conditions: 

All three translation and three rotation of degree of freedom (DOF) was fixed at bracket, where bracket 

and shelf has contact as shown in figure.6. The boundary condition was same for both shelves. The 

load was distributed over the shelf as same as load applied in test lab. The analysis was repeated to 

each load level. 

 

Figure.6 Load and Boundary condition 

Material data: 

Type of material = Steel  

Modulus of elasticity = 2.0e5 MPa 

Poisson ratio =0.3 

Yield stress = 248 MPa 

Tensile strength = 460 MPa 

Plastic hardening coefficient = 821 MPa 

Plastic hardening exponent = 0.23 
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Results and discussions: 

Initially we performed linear static analysis and calculated sag along width and depth as 
following below and try to correlate with test lab results.  
 

 
Figure.7 Displacement plot 

 
 
 

Table.4 Gauges displacement 

 
Gauges Displacement in mm 

Gauge-1 0.297 

Gauge-2 5.228 

Gauge-3 0.297 

Gauge-4 0.236 

Gauge-5 0.236 

Gauge-6 11.413 
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Sag along width = gauge-2 – gauge-1 

                            = 5.228-0.297 

                            = 4.931 mm 

Sag along depth = gauge-6 – gauge-2 

                           = 11.413-5.228 

                           = 6.185 mm 

Maximum displacement = 11.415 mm 

Above calculation was repeated to each level of load on shelf 300x1600 mm. Final results were 
plotted in graph, as shown in figure.8. 

 

 
Figure.8 Test lab results Vs linear static FEA results of 300X1600 shelf comparison 
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If we observe sag along depth and maximum displacement has been correlated up to load 258 

kg, as shown in figure.8 (b) and (c), beyond 258 kg the model has reached plastic region and 

deformation was very large, the numerical results doesn’t correlated with test lab results. Hence 

nonlinear analysis is performed on the shelf and the test lab results are correlated with FEA results. 

 We repeated same procedure as mentioned above with geometric nonlinear analysis. The results 

were plotted in graph as shown in figure.9 to both shelves. 

• Shelf 300X1600 

 

 
Figure.9 Test lab results Vs nonlinear static FEA results of 300X1600 shelf comparison 
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• Shelf 450X1600 
 

 
Figure.10 Test lab results Vs nonlinear static FEA results of 450X1600 shelf comparison 

 
 

               

Conclusions: 

� In linear analysis test lab results doesn’t correlate with test lab results because after certain 

load model has reached to plastic deformation. 

� Shelf 300X1600 and 450X1600 test lab results and FEA results are correlating very well when 

we perform nonlinear analysis. 

  



                            

11 

 

Simulate to Innovate 

 

ACKNOWLEDGEMENTS 

The authors would like to thank Mr. Vikas Kenchapur, Technical Manager – HyperWorks and Mr. 

Madesh S K, HyperWorks Specialist – FEA, Altair Engineering India for their valuable support and 

contributions during this project.  

We also would like to thank Mr. Krishna, Mudumby, General Manager, and HUSSMANN Services India 

LLP for allowing us to publish this paper.  

 

REFERENCES 

[1] James Albert Joyce, “Elastic-plastic fracture test methods”, American Society for Testing and Materials. 

[2] Altair university, “Practical Aspects of Finite Element Simulation” A Study Guide. 

 

 

 

 


