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ABSTRACT 
This report details various calculations, analysis, and data used to formulate a cheap and effective 
retaining wall made from planks and piles. During the design and throughout the report, several 
constraints were adhered to. The wall had to be constructed out of standard pressure treated structural 
timbers and be a minimum of 80 feet long and 5 feet high among other constraints which are addressed 
later.  
 
In the report, free body diagram analysis was performed initially leading to shear force and bending 
moment diagrams for both the piles and planks. From those diagrams, the maximum bending moment 
was derived. Given the constraint that the timbers could not exceed 1,200 PSI, a minimum section 
modulus was determined for the pile and planks in the section labelled “Strength Analysis”.  
 
Utilizing the derived information, a Microsoft Excel document was constructed in order to perform a 
strength and cost analysis on the proposed retaining wall design. The spreadsheet after providing the 
most viable plank and spacing sizes, calculates the minimum cost in regards to the volume of wood 
required, including scrap, and the number of concrete footers needed, one per pile and provides the 
design which we will use. 
 
INTRODUCTION 
Retaining walls are designed and constructed to restrain soil to unnatural slopes and therefore alter 
topography. They are used to bound soils between two different elevations and mediate erosion due to 
storm water runoff. The most important consideration in design of these structures is to counteract the 
tendency of the retained material to move downslope due to gravity. The lateral earth pressure behind the 
wall increases proportionally with depth, with the maximum value at the lowest depth. If the retaining wall 
is not designed properly, earth pressures will push the wall forward or overturn it, causing failure. 
 
In this design specifically, the wall was designed giving special consideration to the load carrying capacity 
of both the piles (considered cantilevered beams) and planks (considered simply supported beams). The 
design had to adhere to several key constraints. The first being dimensionality, where the wall had to be 
80 feet in length and 5 feet tall. The wall also needed to withstand the pressure of the soil behind it and 
needed to be installed out of pressure treated wood with a allowable flexural stress of 1,200 PSI. Lastly, 
and most importantly, the wall design had to minimize the cost of the project. A pictorial representation of 
the retaining wall to be designed can be seen below in Figures [1] & [2]. 

                       
                Figure [1]               Figure [2]  



Additional design constraints that also had to be considered where uniformity, specific costs, and load 
distribution. Uniformity had to be established in that all the piles needed to be the same dimension with a 
square cross section, be evenly spaced, and sink to a depth of 5 feet below the ground. The planks also 
had to be the same size and the length.  
 
Furthermore, the plank’s lengths should be the same as the spacing between the piles such that the plank 
is supported by piles at either end. Looking at costs, the dimensional lumber is only obtainable in 8, 10, 
and 12 foot lengths with a cost of $14 per cubic foot. There is an additional cost of $40 per each pile 
placed in the ground to account for the concrete needed to support it. Finally in terms of load distribution, 
the lateral pressure exerted by the earth on the retaining wall at the base of the wall is 500 lb/ft2 and 
decreases linearly to 100 lb/ft2 at 5 feet above ground. Such a load distribution can be visualized in Figure 
[3] below.  
 

 
Figure [3] 

 
All this being considered, as a group we hypothesized that the strength of the wall and therefore 
resistance to the earth’s pressure will increase as you increase the amount of piles and increase the cross 
sectional area of the planks. However, when we factored in cost to our hypothesis, we determined that a 
middle ground would be established in that there will be a realistic amount of piles and maximized cross 
section of the planks that will yield a cheap and effective solution to our design problem. 
 
ANALYSIS & DESIGN 
 
Variable declarations: 

● σmax  = the maximum allowable flexural stress ● H = height of plank 

● Vmax  = the maximum shear stress ● T = thickness of piles 

● Mmax = the maximum bending moment ● L = length of plank 

● Smin = the minimum section modulus ● W = width of plank 

 
 



 
 
 
Pile Analysis (Cantilevered Beams): 

● These can be considered cantilevered beams with a distributed load on one side as described by 
the constraints. A free body diagram of the pile is given below. Because of symmetry and forces 
cancelling, the bottom of the pile (the part submerged in the ground) is omitted.  

 
                      Free Body Diagram [1]                          Free Body Diagram [2] 

 
*NOTE: For all free body diagrams in this report, assume positive x to be towards the right, and positive y to be up. 
 

● In the first free body diagram, the distributed load is represented with a reactionary force labelled 
RA and a reactionary couple labelled MA where the pile meets the ground. Since the load is given 
as a pressure, it needs to be multiplied by the length of the plank “L” as seen in the second free 
body diagram in order to make it a distributed load. The pile must withstand the pressure over the 
length of each plank.  

● The distributed load will then be condensed and analyzed as one singular load at the centroid of 
the cantilevered beam. In order to complete the computation the centroid of the distributed load 
was decomposed into a triangle and rectangle for easier computation (See Figure [4]). 



 
Figure [4] 

 
 

● Additionally, the force behind the distributed load is equal to the area under the load (Which is also 
the denominator of the centroid equation). 

 
● The reaction forces, RA and MA at the ground, can now be computed via free body diagram [3] 

because the pile can now be represented as a beam with a single load acting about its length. 
 
             Free Body Diagram [3] 

 
 

● As a result of the above free body analysis, the maximum shear stress (Vmax ) and the maximum 
bending moment (Mmax) can be calculated by constructing shear force and bending moment 
diagrams in response to the distributed load. However, since there are no concentrated couples 
along the beam (pile), the max bending is equivalent to MA and no bending moment diagram is 



required. Also due to symmetry, the shear force in the beam is equivalent to the reactionary force 
at RA thus requiring no shear force diagram. 

 
● Now that that the maximum bending moment has been determined and given that the maximum 

allowable flexural stress is 1,200 PSI, the minimum required section modulus can now be 
computed and will be demonstrated in the “Strength Analysis” section. 

 
Plank Analysis (Simply Supported Beams): 

● Looking at the forces applied to the retaining wall, the maximum possible load that a plank must 
withstand is a 500 lb/ft2 distributed load over the length of a plank.  

● A free body diagram will be created in order to determine the reactionary forces at each end of the 
beam and will help determine the maximum bending moment and shear force. 

 
Free Body Diagram [4] - (Overhead View) 

 

 
● The reactionary forces have been determined, now all that needs done is to construct the shear 

force and bending moment diagrams to determine the maximums of each. Note: we chose 500 
lb/ft2 because this would be the maximum force needed to be supported. 

 
Shear Force Diagram (Plank)  



 
 
Bending Moment Diagram (Plank) 

 
● From the diagrams, the maximum bending moment and shear force enacted on the plank is known 

in terms of several variables. 

 
Strength Analysis 

● Being that the maximum shear force and bending moments for both the piles and planks was 
determined, a strength analysis was performed on each to determine the minimum required 
section modulus in a pressure treated standard structural timber. 

 
Pile 



 

 
Plank 

  

 
Cost Analysis 
To analyze the possible pile combinations, a spreadsheet of all the possible timber sizes and number of 
piles was constructed. This allowed us to see how many piles would both sustain the load and also be the 
most cost effective.  
 
It was determined that it would withstand the load by calculating the minimum section modulus for a pile, 
Smin = (29.17 · L ) in3 by substituting in L = 80 ft / (# of piles−1) at the particular value of the piles. This 
formula is conceived by dividing the total wall length by the number of planks spanning it. We then 
checked if it was less than the true section modulus for a given timber geometry. If it was in fact less, this 
design option would work and was highlighted green via conditional formatting.  
 
For each increasing pile increment, the total cost of the piles was also calculated if it first passed the 
section modulus test. We chose the geometry in each column of a pile increment such that it was the 
cheapest option that was capable of sustaining the load as the bottom line. 
 
One thing to also observe in the analysis of this spreadsheet is the elimination of the pile combinations 1 
-10. No matter what, those amounts of piles will not be able to sustain the load and will be omitted from 
future calculations! 
 
The cost of the pile was calculated by: 

 
● This cost per pile will also be multiplied by the total number of piles in the design. 

 
***Note, in typical calculations for finding an appropriate beam, you must go back and account for the weight of the beam once a 
beam is selected and recalculate the needed section modulus. One must also check to see if the true section modulus of the 
timber is still greater than the needed section modulus. In this design however, the weight axially strains the beam, therefore 
disregarding this step in the analysis.  
 



Next, we analyzed the spreadsheet data used to determine the optimal pile size for every given number of 
pile, and their minimum cost. The minimum cost for each pile value is the one we will use to find the 
minimum overall cost after the planks have also been analyzed with the spreadsheet. For any given 
number of planks, all of the standard structural timbers sizes minimum section moduli were calculated 
using the previously derived formula Smin = (0.625 · W · L2 )in3. Viable options consisted of planks where 
the calculated Smin was less than the true section modulus of the particular plank geometry, found by 
substituting in the plank’s width and length (L = 80ft / (# of piles−1)).  
 
The cost of a plank was calculated by: 

 
● This cost per plank will be multiplied by the number of necessary planks in the design.  

RESULTS 
Also in our cost analysis, after choosing the appropriate planks needed to construct the wall, a graph was 
constructed comparing what would be the overall cost of the project for each number of possible piles 
using our chosen plank dimension. This graph can be seen below: 

 
Graph [1] 

 
From the graph above, we found the minimum cost of our retaining wall to be $4484.71 in which we chose 
a design that had a total of (37) piles separated by 2.22 feet, all of which were 10 feet. The cost of just the 
piles computed to a total of $3503.53 (this includes the concrete). Furthermore, we chose to use (54) - 2” 
x 12” boards all 10 feet in length. With these numbers, the cost tallied $981.18 for the planks. Please see 
below for a listing of our bill of materials: 



 
In conclusion, our job was to create a retaining wall using a pile-plank system. We began by analyzing the 
piles since they control the number of planks that will be used in the configuration. By analyzing the free 
body diagrams of the planks and piles we were able to find a strong yet cost efficient design. We 
calculated the section moduli for each pile, determined which ones were acceptable, then determined the 
price of each pile. We followed a similar process for the planks, determining the moduli of specific 
configurations based on the possible pile configurations. Then we determined how many planks total 
would have to be purchased for each arrangement, and calculated the cost for these totals. Finally we 
added the minimum plank costs for each board length to the minimum pile costs and chose the lowest 
price: $4,484.71 while adhering to all the design constraints listed in the introduction of this report. 


