
Reinforced soil and Engineered Sandcastles 
 

Engineers often have to solve complex problems while keeping construction costs as low 
as possible. One way to do this is to use materials that are readily available and inexpensive. 
Soil, or dirt, is one of the cheapest materials available, which makes it very attractive for 
large-scale infrastructure projects. 

However, unlike materials such as concrete or steel, soil does not hold together through 
chemical bonds. Instead, it relies on friction between its particles to stay in place. This 
means its strength is very diBerent from traditional construction materials. 

You may have studied friction between a solid object and a flat surface. But in soil, being a 
continuous material, there are infinite possible planes along which it could fail. 

To understand this, let’s consider a simple example: a free-standing cylinder of sand, like a 
sandcastle. If we apply a vertical load on top (Fig. 1.a), we can think about diBerent internal 
planes where failure might occur. In the case of a horizontal plane (Fig. 1.b), the force acts 
perpendicular to the surface, so there is no sliding and no failure. 

 
Fig. 1 – a) Freestanding soil sample under vertical load; b) horizontal failure plane; c) tilted failure plane (real 
case scenario). 

But if we consider a tilted plane (Fig. 1.c), the vertical force splits into two components: one 
perpendicular (normal) and one parallel (tangential) to the plane. As the tilt increases, the 
tangential component increases. If this tangential force becomes greater than the 
friction resisting it, the structure fails, and the sandcastle collapses. 

Soil is rarely standing on its own. It is usually surrounded by more soil, which applies 
horizontal pressure and confines it. This confinement is what allows soil to support us 
walking on it, and our building stains. But here we want to build with soils. 



Now, imagine inserting horizontal reinforcement layers inside the soil (Fig. 2). These 
reinforcements absorb horizontal stress and recreate the eBect of surrounding ground. 
It's as if the sandcastle were placed back inside the soil: it becomes confined again, and 
failure is prevented. 

 
Fig. 2 – Reinforcements (in white) can absorb the horizontal stresses and restore the confinement that soil 
would have applied.  

This concept is used in many modern infrastructure applications, such as road 
embankments and retaining walls. In these cases, soil from the site can be reused for 
construction. The structure (Fig. 3.a) is built layer by layer, with geogrids (Fig. 3.b) placed 
between the layers. The result is already stable, but modular facing blocks (often made of 
concrete) are added on the outside (Fig. 3.c). These provide a clean appearance and, more 
importantly, protect the structure from erosion caused by rainwater. 

In summary, by understanding how soil behaves and how to reinforce it, engineers can use 
it to create strong and lasting structures, turning a cheap, loose material into a reliable 
building block for infrastructure. 

 
Fig. 3 – Typical applications of reinforced soil. a) Schematic diagram of a typical reinforced soil wall with 
equally spaced reinforcement; b) commonly used geogrid made of polymeric materials; c) example of a 
reinforced soil wall used in infrastructures. 

 

 

Thanks to Practical Engineering @ YouTube for the initial idea and the images. 


