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Short Wind Turbine Tower Reinforced Concrete Foundation Analysis and Design 

A wind turbine, or alternatively referred to as a wind energy converter, is a device that converts the wind's kinetic 

energy into electrical energy.  

Wind turbines are manufactured in a wide range of vertical and horizontal axis. The smallest turbines are used for 

applications such as battery charging for auxiliary power for boats or caravans or to power traffic warning signs. 

Larger turbines can be used for making contributions to a domestic power supply while selling unused power back to 

the utility supplier via the electrical grid.  

Arrays of large turbines, known as wind farms, are becoming an increasingly important source of 

intermittent renewable energy and are used by many countries as part of a strategy to reduce their reliance on fossil 

fuels. One assessment claimed that, as of 2009, wind had the "lowest relative greenhouse gas emissions, the least 

water consumption demands and the most favourable social impacts" compared to photovoltaic, hydro, geothermal, 

coal and gas.  

Wind turbines with generating capacity from as little as 0.1 MW to as high as 4.0 MW are offered by vendors like 

Siemens, GE, Mitsubishi, EWT, Vestas, etc. 

This case study focuses on the design of a typical wind turbine tower foundation using the engineering software 

program spMats. The tower under study is a 500kW turbine with a hub height of 150 ft, a 90 ft. blade length, and 

tapered tubular steel tower anchored at the base to the concrete mat foundation. All the information provided by the 

wind turbine provider are shown in the following figure and design data and will serve as input for the foundation 

analysis and design. Given the soil conditions at the site and the equipment availabilty from the contractor, a soil 

supported foundation was selected to resist the signifiant overturning moments generated at the tower base. 

https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Battery_charging
https://en.wikipedia.org/wiki/Travel_trailer
https://en.wikipedia.org/wiki/Electrical_grid
https://en.wikipedia.org/wiki/List_of_most_powerful_wind_turbines
https://en.wikipedia.org/wiki/Wind_farm
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Fossil_fuel
https://en.wikipedia.org/wiki/Fossil_fuel
http://www.spmats.org/
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Figure 1 –Wind Turbine Tower Concrete Foundation Layout  
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Code 

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

 

Reference  

spMats Engineering Software Program Manual v8.50, StucturePoint LLC., 2016 

 

Design Data 

Concrete Pier 

 Diameter = 16 ft 

 Height = 3 ft 

 Weight = 15.88 kips 

 

Concrete Foundation 

 fc’  = 3,000 psi  

 fy  = 60,000 psi  

 Thickness = 18 in.  

 Clear Cover = 3 in. 

 Superimposed Soil Weight = 337.5 psf over the foundation cross-section 

 

Foundation Loads 

 PDL = 3.0 kips 

 PLL = 1.0 kips-ft 

 Mx,wind = 150 kips-ft  

 My,wind = Not provided 

 

Supporting Soil  

 Type = Rocky soil 

 Subgrade Modulus = 100 kcf 

 Allowable Pressure = 5.0 ksf 
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1. Foundation Analysis and Design – spMats Software 

spMats uses the Finite Element Method for the structural modeling, analysis and design of reinforced concrete 

slab systems or mat foundations subject to static loading conditions.  

 

The slab, mat, or footing is idealized as a mesh of rectangular elements interconnected at the corner nodes. The 

same mesh applies to the underlying soil with the soil stiffness concentrated at the nodes. Slabs of irregular 

geometry can be idealized to conform to geometry with rectangular boundaries. Even though slab and soil 

properties can vary between elements, they are assumed uniform within each element. Piles are modeled as 

springs connected to the nodes of the finite element model. Unlike for springs, however, punching shear check is 

performed around piles. 

 

For illustration and purposes, the following figures provide a sample of the input modules and results obtained 

from an spMats model created for the short wind turbine tower reinforced concrete foundation in this example.  

 
Figure 2 – Wind Turbine Tower Foundation Model 3D View  

http://www.spmats.net/
http://www.spmats.net/
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Figure 3 –Defining Column  

 
Figure 4 –Defining Load Cases  
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Figure 5 –Defining Load Combinations  

  
Figure 6 – Assigning Column For Base Pier  
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Figure 7 – Assigning Slaved Nodes Modeling Base Pier  

 
Figure 8 – Assigning Soil Surcharge Loads  
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Figure 9 – Soil Pressure Contour  

 

 
Figure 10 – Vertical Downward Displacement Contour  
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Figure 11 – Vertical Upward Displacement Contour  

 

  
Figure 12 – Moment Contour along Y-Axis  

kip-ft/ft 

in. 



  

7 

  

  
Figure 13 – Moment Contour along X-Axis  

  
Figure 14 – Required Reinforcement Contour along Y Direction  
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Figure 15 – Required Reinforcement Contour along X Direction 

in.2/ft 
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2. Two-way Punching Shear Check 

 

 
Figure 16 – Two-Way Shear Results around the Column  
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3. Soil Reactions (Pressure) 

 

 
Figure 17 – Soil Service Reactions  

 

 
Figure 18 – Soil Ultimate Reactions  

Note: Positive and negative reaction values indicate compression and tension forces on soil, respectively.  
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4. Foundation Model Statistics 

Since spMats is utilizing finite element analysis to model and design the foundation. It is useful to track the 

number of elements and nodes used in the model to optimize the model results (accuracy) and running time 

(processing stage). spMats provides model statistics to keep tracking the mesh sizing as a function of the number 

of nodes and elements.  

 
Figure 19 – Model Statistics  

  

http://www.spmats.net/
http://www.spmats.net/
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5. Concrete Pier and Pile Design - spColumn 

spMats provides the options to export column and pile information from the foundation model to spColumn. Input 

(CTI) files are generated by spMats to include the section, materials, and the loads from the foundation model 

required by spColumn for strength design and investigation of piles and columns. Once the foundation model is 

completed and successfully executed, the following steps illustrate the design of a sample pile and column. This 

can be used as a supplementary check to confirm the adequacy of the turbine pier. 

 
Figure 20 – Exporting Column Design CTI Files  

http://www.spcolumn.org/
http://www.spmats.net/
http://www.spcolumn.org/
http://www.spmats.net/
http://www.spcolumn.org/
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Figure 21 – Exporting Column Design CTI Files Dialog Box  

After exporting spColumn input files, the pile and column design/investigation can proceed/modified to meet 

project specifications and criteria. In the following the wind turbine tower base pier design results are shown as 

an example. 

http://www.spcolumn.org/
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Figure 22 – Wind Turbine Base Pier Design Capacity with Factored Load  
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Figure 23 – Wind Turbine Tower Concrete Pier 3D Failure Surface  
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6. 2D/3D Viewer 

2D/3D Viewer is an advanced module of the spColumn program. It enables the user to view and analyze 2D 

interaction diagrams and contours along with 3D failure surfaces in a multi viewport environment. 

2D/3D Viewer is accessed from within spColumn. Once a successful run has been performed, you can open 

2D/3D Viewer by selecting the 2D/3D Viewer command from the View menu. Alternatively, 2D/3D Viewer can 

also be accessed by clicking the 2D/3D Viewer button in the program toolbar.  

 
Figure 24 – 2D/3D View for Pier  

http://www.spcolumn.org/
http://www.spcolumn.org/
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7. Wind Turbine Tower Base Pier Reinforcement Optimization 

The builder was provided two options for steel bar arrangement to increase field and construction flexibility. 

The impact of the two alternative reinforcement patterns is illustrated below. 

 
Figure 25 – Tower Base Reinforcement Comparison  

48 #14 

42 #14 


