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Introduction 

Northeastern University presents a number of cheap furniture items to all students who live 
in campus housing. These are typically made of an inexpensive wood. Though all items are 
fairly sturdy, there is the possibility of overburdening a given item when it is used in a way 
contrary to its original design. For example, the bookshelves provided to fit on top of desks 
can be flipped over to provide more space between the desk surface and the shelf. 
Functionally, this works for any light item, such as the intended books, but heavier items 
could pose an issue. For this assignment, the stress response of the upside down bookshelf 
is investigated under the load of a roughly 30 pound desktop computer. This arrangement 
has been confirmed to not break the shelf, but the stress concentrations are of interest. The 
shelf is therefore modeled in Solidworks and analyzed under load in Ansys to develop graphs 
of the stress.  

 

Methods 

First, the individual components of the bookshelf were modeled in Solidworks. 
Measurements of the actual bookshelf were taken in inches (which is later automatically 
converted to metric in Ansys) and used to create accurate parts. Figures 1 through 3 show 
the individual parts with their dimensions.  

 

 

Figure 1. Sketches of the left and right sides of the shelf, respectively 
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Figure 2. Sketches of the top, middle, and bottom cross braces, respectively 

 

 

Figure 3. Sketch of the main surface of the bookshelf 

 

The individual parts were then assembled in Solidworks to form the shelf, as seen in Figures 
4 through 7.  
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Figure 4. Isometric view of desk assembly 

 

 

Figure 5. Front view of desk assembly 

 

 

Figure 6. Side view of desk assembly 
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Figure 7. Top view of desk assembly 

 

This assembly was then saved as a Parasolid and imported into Ansys Mechanical ADPL. The 
material was chosen to be plywood with a Young’s modulus of 7 GPa, modeled in Ansys as a 
linear isotropic material [1]. All parts of the structure were glued together and meshed 
(Figure 8). The bottom areas were then fixed and forces were applied to the top surface of 
the desk as shown. Each of the three corners of the computer that sit on the shelf are 
represented by a 45 N force downward. This roughly approximates the real life arrangement 
this investigation models. Ansys then solved the configuration. Results graphs are shown in 
the next section 

 

 

Figure 8. Meshed assembly in Ansys, with locations of applied forces superimposed 
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Results 

Due to the large quantity of nodes and elements in this three dimensional assembly, no list 
of displacements and stresses is included. Instead, all results are given as graphs. Figure 9 
shows the vector sum of displacements for the loaded bookshelf.  

 

 

Figure 9. Nodal solution for vector sum displacements 

 

Figures 10 through 12 show the nodal stress intensities from various angles.  
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Figure 10. Isometric view of nodal stress intensities 

 

 

Figure 11. Front view of nodal stress intensities 
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Figure 12. Back view of nodal stress intensities 

 

Conclusions 

As may be expected, the largest displacement occurs at the corner of the shelf that is furthest 
from any supports. However, this is still on the order of 0.1 mm, which is very small. Some 
bowing can be observed on the upper edges of the supports, but this is an even smaller 
amount. Overall, displacements are negligible for regular use. Similarly, the stress intensities 
follow with what one may expect. The largest stresses occur in the center of the shelf with 
values around 260 kPa. Stress concentrations also occur at the joints where the various 
pieces meet. This is interesting in that these stress, especially those around the gaps between 
cross-braces, would not be easily observable by eye, whereas the bending on the main 
surface could be under sufficient load.  The stress in the center cross brace follows the 
principles of beam bending from mechanics of materials. That is, there is no stress along the 
neutral axis, and the maximum stress and strain occurs on the top and bottom of the beam. 
This is especially clear in Fig. 12.  

In summary, the bookshelf is capable of holding a large computer even in an unintended 
configuration. Of course, this simulation neglects the weight of the shelf and assume the 
joints will not fail. This would become a concern if larger loads were placed onto the shelf. 
However, the load modeled in Ansys has been confirmed as safe empirically. The shelf design 
is adequate for residential student use, even under improper use scenarios. 
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