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Compare the two buildings in Figure 1. The columns and beams of both buildings are strong enough to carry their 

weight, a downwards force. But how do the buildings compare when sideways forces occur? Winds cause sideways 

forces, but the most severe forces occur during an earthquake when the ground shakes buildings to-and-fro in every 

horizontal direction.  

 

Figure 1. In building (a) exterior and interior infill and partition walls are on every floor, but in (b) these walls are 

absent in the ground floor. The ground floor is open. 

The first building (Figure 1a) is relatively strong against horizontal forces. At each story, a combination of reinforced 

concrete columns and beams, together with infill and partition walls, work together to resist horizontal earthquake 

forces. Every story appears to have a similar strength. However, in total contrast, the second building (Figure 1b) lacks 

any strengthening walls on the ground floor. Perhaps this floor is used for car parking. This story, then, is far weaker 

than the stories above. Ideally, the lowest or the lower stories of a building are stronger than those above. Consider the 

shape of a tree trunk (Figure 2). Most trunks are strongest at ground level because that’s where stresses are highest 

during strong winds. Buildings should follow the same principle and be strongest at ground level.  

 

Figure 2. Most tree trunks are strongest at ground level. 
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When the second building (Figure 1b) is shaken by an earthquake, damage occurs at the weakest area. In this case, it is 

the ground floor columns (Figure 3). The columns bend sideways, and in the process are damaged. Often the extent of 

the damage means that the columns can no longer support the building’s weight. The columns break and the building 

collapses. The lowest story is totally crushed. Maybe some stories above also suffer the same damage. Loss of life is 

inevitable.  

 

Figure 3. The columns in a soft story bend excessively and suffer serious damage. 

Soft or weak stories almost always occur during damaging earthquakes (Figure 4). Readers can search the internet for 

“soft story building” and see many other images. However, the good news is that this type of damage is preventable.  

Provided engineers and architects follow the local design codes and best-practice guidelines during the design and 

construction of new buildings, soft stories are avoidable. For more information, see “References”. 

 

Figure 4. This soft story building lost its ground floor during a moderate earthquake (N. Vesho). 

What about an existing building with a soft story (Figure 5)? It is possible to improve its earthquake performance. Some 

cities around the world have begun earthquake retrofitting programs. However, retrofitting may involve inserting new 

structural systems, such as braced frames or structural walls. It is often difficult for the contractor, inconvenient for 

occupants and expensive. It is far preferable to avoid soft stories in new construction by good collaboration between 

architect and civil engineer, and then the civil engineer’s careful design incurs little, if any, additional cost. 
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Figure 5. A typical soft story building where the ground floor is the weakest. 

About this article series: 
This is a series of articles about earthquakes, their effects on buildings, and how to ensure that buildings are safe against 

earthquakes. They are intended for potential owners of new houses and larger buildings and others involved in the 

building industry. The articles are written by Andrew Charleson and colleagues from the World Housing Encyclopedia 

(http://www.world-housing.net/) which is sponsored by the Earthquake Engineering Research Institute 

(https://www.eeri.org/) and the International Association of Earthquake Engineering (http://www.iaee.or.jp/).   
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