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Beam on Elastic Foundation 

In some applications such as grade beams in prefabricated buildings and combined footings for industrial tanks and 

equipment, the member subjected to loads is supported on continuous elastic foundations such as soil or flowable fill. 

That is the reactions due to external loading is distributed along the length of the member. The figure below shows a 

general footing and load data, the loads are factored and may be obtained from building column reactions or an 

equipment vendor loading data. In this example, the loads are from a horizontal tank supports and are the full width 

of the footing. The finite element analysis results in the Reference are compared with results obtained from spBeam 

engineering software program from StructurePoint. 

 

 

Span / Element 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 

Length, m 0.20 0.20 0.30 0.61 1.07 1.07 0.91 0.61 0.23 0.23 0.45 0.50 

 

Figure 1 ï Footing Cross-Section 

  

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
http://www.structurepoint.org/
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Code 

Building Code Requirements for Structural Concrete (ACI 318M-14) and Commentary (ACI 318RM-14)  

 

Reference  

Foundation Analysis and Design, 5th Edition, 1997, Joseph E. Bowles, McGraw-Hill Companies, Example 9-6 

spBeam Engineering Software Program Manual v5.50, StructurePoint, 2018 

 

Design Data 

fcô = 21 MPa  

Ec = 21500 MPa  

ks = 22000 kN/m3 (Soil Subgrade Modulus) 

Footing length = 6.38 m 

Footing width = 2.64 m 

Loading: 

Pu1 = 1350 kN Mu1 = -108 kN-m 

Pu2 = 2025 kN Mu2 = 81 kN-m 

 

Solution 

 

1. Beam on Elastic Foundation Analysis - Finite Element Method 

The reference mentions that the finite-element method (FEM) is one of the most efficient means for analyzing a 

beam-on-elastic foundation problem. It is easy to account for boundary conditions (such as a point where there is 

no rotation or translation), beam weight, and nonlinear soil effects. The reference used a FEM computer program 

to obtain text results output shown below. 

https://structurepoint.org/pdfs/manuals/spBeam-Manual.pdf
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2. Beam on Elastic Foundation Analysis and Design - spBeam Software 

spBeam is widely used for analysis, design and investigation of beams, one-way slab systems (including standard 

and wide module joist systems) and beams on elastic foundations per latest American (ACI 318) and Canadian 

(CSA A23.3) codes. spBeam can be used for new designs or investigation of existing structural members 

subjected to flexure, shear, and torsion loads. With capacity to integrate up to 20 spans and two cantilevers of 

wide variety of floor system types, spBeam is equipped to provide cost-effective, accurate, and fast solutions to 

engineering challenges. 

spBeam provides top and bottom bar details including development lengths and material quantities, as well as 

live load patterning and immediate and long-term deflection results. Using the moment redistribution feature 

engineers can deliver safe designs with savings in materials and labor. Engaging this feature allows up to 20% 

reduction of negative moments over supports reducing reinforcement congestions in these areas. 

Beam analysis and design requires engineering judgment in most situations to properly simulate the behavior of 

the targeted beam and take into account important design considerations such as: designing the beam as 

rectangular or T-shaped sections; using the effective flange width or the center-to-center distance between the 

beam and the adjacent beams. Regardless which of these options is selected, spBeam provide users with options 

and flexibility to: 

1. Design the beam as a rectangular cross-section or a T-shaped section. 

2. Use the effective or full beam flange width. 

3. Include the flanges effects in the deflection calculations. 

4. Invoke moment redistribution to lower negative moments 

5. Using gross (uncracked) or effective (cracked) moment of inertia 

6. Design the beam as singly or doubly reinforced section. 

7. Analyze and Design beams on elastic foundations. 

For illustration and comparison purposes, the following figures provide a sample of the results obtained from an 

spBeam analysis model created for the beam on elastic foundation covered in this case study. Note that the vertical 

support spring constant, Kz, input in spBeam is calculated as the soil subgrade modulus, ks, given in the reference 

multiplied by the tributary area of the node. For end nodes (node 1 and 13), the vertical support spring constants 

are doubled to comply with the recommendation in the reference for a beam on elastic foundation problem. 

 

Highlights of the resulting output are shown below. Detailed output is provided in the Appendix. 

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/


   

6 

  

 

Figure 2 ï Applied Loads (spBeam) 

http://www.spbeam.org/
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Figure 3 ï Internal Forces Diagrams (spBeam) 

 

http://www.spbeam.org/
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Figure 4 ï Moment Capacity Diagram (spBeam) 

 

http://www.spbeam.org/
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Figure 5 ï Shear Capacity Diagram (spBeam) 

 

http://www.spbeam.org/
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Figure 6 ï Deflection Diagram (spBeam) 

 

  

http://www.spbeam.org/
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3. Comparison of Design Results 

Table 1 - Comparison of Results (Shear and Bending Moment) 

Span Node 
Shear, kN Bending Moment, kN-m 

Reference* spBeam Diff erence, % Reference* spBeam Difference, % 

1-2 
1 -137.36 137.21 -0.11 0.00 0.00 0.00 

2 -137.36 137.21 -0.11 -27.50 27.44 -0.22 

2-3 
2 1081.33 -1081.45 0.01 80.70 -80.56 -0.17 

3 1081.33 -1081.45 0.01 297.00 -296.85 -0.05 

3-4 
3 924.92 -924.57 -0.04 297.10 -296.85 -0.08 

4 924.92 -924.57 -0.04 574.60 -574.22 -0.07 

4-5 
4 658.56 -658.31 -0.04 574.60 -574.22 -0.07 

5 658.56 -658.31 -0.04 976.30 -975.79 -0.05 

5-6 
5 230.80 -230.82 0.01 976.30 -975.79 -0.05 

6 230.80 -230.82 0.01 1223.30 -1222.77 -0.04 

6-7 
6 -224.31 224.21 -0.04 1223.30 -1222.77 -0.04 

7 -224.31 224.21 -0.04 983.20 -982.87 -0.03 

7-8 
7 -635.93 635.94 0.00 983.20 -982.87 -0.03 

8 -635.93 635.94 0.00 404.60 -404.17 -0.11 

8-9 
8 -982.28 982.45 0.02 404.60 -404.17 -0.11 

9 -982.28 982.45 0.02 -194.60 195.12 0.27 

9-10 
9 -1190.68 1190.05 -0.05 -194.50 195.12 0.32 

10 -1190.68 1190.05 -0.05 -468.40 468.83 0.09 

10-11 
10 717.16 -717.99 0.12 -549.30 549.83 0.10 

11 717.16 -717.99 0.12 -384.30 384.70 0.10 

11-12 
11 540.24 -540.75 0.09 -384.40 384.70 0.08 

12 540.24 -540.75 0.09 -141.20 141.36 0.11 

12-13 
12 282.45 -282.72 0.10 -141.20 141.36 0.11 

13 282.45 -282.72 0.10 0.00 0.00 0.00 
* Shear and Moment Diagrams sign convention is based on the downward force being positive in the reference 

 

  

http://www.spbeam.org/
http://www.spbeam.org/
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Table 2 - Comparison of Results (Deflections and Support Reactions) 

Span Node 
Deflections, mm Support Reactions, kN 

Reference spBeam Diff erence, % Reference spBeam Diff erence, % 

1-2 
1 11.82 11.81 -0.08 137.35 137.21 -0.10 

2 
11.32 11.31 -0.09 131.47 131.34 -0.10 

2-3 
2 

3 
10.81 10.80 -0.09 157.02 156.88 -0.09 

3-4 
3 

4 
10.08 10.07 -0.10 266.45 266.26 -0.07 

4-5 
4 

5 
8.77 8.76 -0.11 427.76 427.49 -0.06 

5-6 
5 

6 
7.32 7.32 0.00 455.11 455.03 -0.02 

6-7 
6 

7 
7.16 7.16 0.00 411.62 411.73 0.03 

7-8 
7 

8 
7.85 7.85 0.00 346.31 346.51 0.06 

8-9 
8 

9 
8.51 8.51 0.00 207.48 207.61 0.06 

9-10 
9 

10 
8.75 8.75 0.00 116.85 116.96 0.09 

10-11 
10 

11 
8.97 8.97 0.00 177.07 177.24 0.10 

11-12 
11 

12 
9.34 9.35 0.11 257.77 258.02 0.10 

12-13 
12 

13 9.73 9.74 0.10 282.44 282.72 0.10 
    × 3374.7 3375 0.01 

 

The results of the reference used illustrated above are in precise agreement with the automated results obtained from 

the spBeam program.  

  

http://www.spbeam.org/
http://www.spbeam.org/
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
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4. Observations 

4.1 Beam on Elastic Foundation ï Flexural Reinforcement Design and Detailing 

For this example, multiple spans are assigned in the spBeam model to capture the location of all the nodes the reference 

used in their finite element model. Using this approach leads to the minimum reinforcement required for each of the 

theoretical model spans. Investigation mode in spBeam allows the user to adjust the minimum required reinforcement 

(as designed) to meet detailing requirement (as detailed) as shown below: 

 

 

Figure 7 ï As Designed Flexural Reinforcement ï Design Mode (spBeam) 

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
http://www.spbeam.org/
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Figure 8 ï Moment Capacity for As Designed Flexural Reinforcement ï Design Mode (spBeam) 

 

http://www.spbeam.org/
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Figure 9 ï As Detailed Flexural Reinforcement ï Investigation Mode (spBeam) 

http://www.spbeam.org/
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Figure 10 ï Moment Capacity for As Detailed Flexural Reinforcement ï Investigation Mode (spBeam) 

  

http://www.spbeam.org/
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4.2 Beam on Elastic Foundation ï Beam Shear Strength 

spBeam shows that this beam on elastic foundation has insufficient one-way shear strength near the piers as indicated 

by the capacity curve (brown line). The following options among others can be used to increase the one-way (beam) 

shear capacity: 

1. Adding transverse reinforcement (shear stirrups). 

2. Increase the beam thickness and/or width. 

3. Increase the concrete compressive strength. 

4. Refine the loading and load application. 

 

Figure 11 ï Beam on Elastic Foundation Shear Strength (spBeam) 

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
http://www.spbeam.org/
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5. Conclusions 

Simple, quick, yet accurate analysis results of spBeam Program for internal forces (Shear & Bending Moment), 

deflections, and support reactions are in agreement with the Finite Element Method analysis by Bowles. Similarly, as 

shown below, spMats engineering software program from StructurePoint can be utilized to model the beam on elastic 

foundation and use the Finite Element Method. A sample of spMats FEM analysis results is given below for the 

displacement contours showing close agreement with spBeam results and reference values. 

  

 

Figure 12 ï Displacement View for the Combined Footing (spMats) 

  

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
http://www.spmats.org/
http://www.spmats.org/



