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Earthquake-safe Buildings  
Article 3. Three Structural Systems to Resist Earthquakes 
The buildings of any city are diverse. Some are low-rise while others are very tall, some are compact and others huge, 
like a shopping malls. Even though buildings appear radically different, there are only three common structural systems 
that can resist earthquake shaking. The three systems are shear walls, or structural walls; braced frames; and moment 
frames, as shown in Figure 1. 

 
Figure 1. The three common structural systems in order of their strength and ability to resist earthquakes (highest 
to lowest). 





3 
 

EARTHQUAKE-SAFE BUILDINGS | Article 3. Three Structural Systems to Resist Earthquakes 

 
Figure 3. Steel braced frames resist earthquake forces acting across the building. Steel moment frames provide 
strength along the building. 

Shear walls or structural walls are potentially the strongest structural system against earthquake shaking (Figure 5). 
Internationally, they have the best track record. The longer the walls and the more walls, the stronger the building. This 
means less to-and-fro shaking movements causing building damage. Reinforced concrete is the most common material 
for high-rise structural walls. Confined masonry walls (refer Article 4) are suitable for low-rise buildings. In some 
earthquake-prone countries, like the USA or New Zealand, low-rise wooden construction relies on plywood or gypsum 
plasterboard structural walls for earthquake resistance. Engineered wood products like cross-laminated timber are also 
emerging for use as shear walls in mid-rise buildings. 

 
Figure 4. A reinforced concrete structural wall resists forces acting along the length of the building. There should be 
another wall on the other side of the building. 

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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Earthquake-safe Buildings  
Article 4. Why Walls Are the Best Earthquake-resistant Structural 
Elements 
As mentioned in Article 3, walls are one of the three common systems used in buildings to resist horizontal shaking. 
Walls are potentially the strongest of the three systems, the least flexible and the least sensitive to construction errors.  
They also have a very good track record based upon international observations of earthquake-damaged buildings (Figure 
1). Although structural walls are not as prevalent in medium- to high-rise buildings as compared to moment frames, 
frames are far more prone to damage. For example, for this reason many of the buildings in Chile contain structural 
walls rather than column and beam frames. The walls have performed well in recent large earthquakes. 

 
Figure 1. An earthquake damaged building. The strength and stiffness of the long white-colored masonry walls 
have prevented damaged. A more flexible structural system acting across the building has led to larger movement 
and damage to the front façade. It is temporarily covered with sheets of plywood.  

Walls, therefore, are the best structural elements to resist earthquakes. But the choice of wall material depends on the 
height of the building. In low-rise buildings, like one- and two-story houses, confined masonry walls (Article 7) are the 
most suitable, considering construction aspects and cost (Figure 2). The confining reinforced concrete tie column and tie 
beam dimensions for these buildings are smaller than for similar buildings that use moment frames (Article 6). As noted 
above, walls lead to smaller to-and-fro movements. As a result, they and other building elements, like partitions, suffer 
less damage due to earthquake shaking. However, walls do restrict interior planning and natural light more than frames. 
The costs of their foundations may also be greater. These are their main disadvantages. 

 
Figure 2. A two-story house with confined masonry walls and concrete roof slab (not shown).  Two long boundary 
walls resist shaking in the direction of the building length. Three shorter walls resist sideways shaking (X-direction). 
Columns and partition walls are not shown. 
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Reinforced concrete walls are common in taller buildings of other earthquake-affected countries. These walls rise 
continuously from strong foundations, with or without piles and without large openings at the lower stories, to the roof 
(Figure 3). Each concrete floor slab as well as the roof needs a strong connection to the walls. 

 
Figure 3. A building under construction. Most of the earthquake forces in both directions are resisted by reinforced 
concrete structural walls. In this case, some assistance is also provided by a perimeter steel moment frame. 

To be safe, structural walls must have sufficient thickness and enough horizontal length. If walls are too thin, their ends 
buckle and are damaged during earthquake shaking. If too short (skinny), walls are too weak and flexible, and buildings 
may sway to-and-fro too far (Figure 4) and cause excessive damage. For low-rise masonry buildings, the number of walls 
required for shaking in both directions, wall lengths and thicknesses may be found from construction guidelines, such as 
by Meli (2011). Correct reinforcing steel details of wall construction is also important for ensuring safety in an 
earthquake (Carlevaro, 2018). For taller buildings, structural walls must be designed by qualified civil engineers. 

 
Figure 4. During an earthquake two slender walls (1) resist sideways shaking but allow too much movement. Also, 
they buckle at their base. Two longer walls (2) restrict movement in the other direction. The original position of the 
building is denoted by the dotted outline (3) and (4) shows the wall buckling at its base because it is too thin. 

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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Figure 4. Part of a house without the roof.  Wall A that experiences a sideways force from shaking (1) is supported 
mainly by the tie beam (2) that connects the top of wall A to walls B and C (3). 

In larger buildings with reinforced concrete columns and beams, walls do not support the weight of the building. 
However, walls still need support to prevent them from falling sideways into or out of a building during earthquake 
shaking. 

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 
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Figure 5. (a) Is a plan view of columns (1) either side of a separated infill (2) whose small columns at each end 
provide stability.  In (b) the masonry wall with stabilizing columns (3) has been shifted from the structural columns 
so as not to impede their bending.  
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Figure 3. A kink in a tree trunk introduces a local weakness. 

The best approach is to ensure an off-set wall is not structural. Other structural elements within the building, like beam 
and column frames must be designed to resist earthquake forces in the direction parallel to the wall. At the design stage, 
the masonry of any proposed offset wall should be replaced by non-combustible light-weight material, like cement 
board or glazing. These are too weak to act as structural elements during an earthquake. Alternatively, separate any off-
set masonry wall from its structural frame to prevent the wall functioning as structure (see Article 10). 

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 
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Figure 3. An example of a reinforced concrete core in a building under construction. 

Designers, civil engineers and architects have two ways to control torsion and reduce column damage. First, they locate 
the load-bearing walls or other vertical structure like column and beam frames reasonably symmetrically over the floor 
plan (Figure 1b). Secondly, in both horizontal directions, along and across a building, they provide at least two strong 
vertical structural elements well separated from each other. If these two elements are located on the perimeter of the 
building, at both ends and both sides, they become most effective in controlling torsion. They prevent too much 
sideways movement of the columns and subsequent serious damage (Figure 4).  

 
Figure 1. Two ground floor plans of buildings. In (a) earthquake forces in each direction, across and along the 
building, are resisted by two walls placed reasonably symmetrically. The walls are separated (1) but not by much. 
However, in (b) the walls acting in each direction have maximum separation (1) and so provide the best control of 
torsion. 

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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Earthquake-safe Buildings  
Article 16. Construction Codes and Standards 
The purpose of construction codes and standards is to ensure, first of all, that your building is safe. Secondly, that it is 
free of defects like sagging beams during its lifetime, while using materials efficiently. Codes and standards are usually 
produced by teams of experts from universities, engineering practice, government departments and contractors. 
Members of these teams draw upon their own research and experience (Figure 1). In addition, they review the latest 
developments overseas. Where appropriate to local conditions these developments are included in new or updated 
codes (or standards). When published, a code represents the state-of-the-art recommendations for safe, long-lasting 
and economic construction. 

 
Figure 1. Full-scale reinforced concrete columns and beams being tested in a laboratory. 

Like every industry, however, the construction industry experiences change. New materials, new construction 
techniques, and new design approaches are constantly developed (Figure 2). Change and innovation arises from 
contactors and researchers. This means codes need to be updated regularly. If not, they lead to both unsafe and 
uneconomic buildings.  

 
Figure 2. This building contains innovative examples of the use of precast concrete. 

Codes set best practice standards of construction. Their rules must be followed for your own sake, assuming you are the 
building owner or occupant, and for the sake of the wider community. Failure to adhere to certain standards causes 
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Earthquake-safe Buildings  
Article 17. What to Look for in Building Regulations 
Building regulations (e.g., building codes and standards) are the rules for building. They protect us and others. They 
support a safe and healthy built environment. They are intended to ensure safe buildings for living, working, shopping 
and worshipping in. Regulations reflect that buildings can be designed to be safe for earthquakes and contain rules to 
achieve that goal. 

So, what should we expect in building regulations? What might make them more successful in achieving safe buildings? 
Here are five suggestions:  

1. Reflect our societal situation and expectations: Regulations need to be appropriate for society as a whole, its 
cultural and economic situation and the expectations of its citizens (Figure 1). The levels of imposed standards may 
not be as high as those in high-income countries but, as agreed by a wide range of stakeholders, standards should be 
appropriate to local conditions and affordable. Codes are also needed that address locally prevalent construction 
practice where professionals are not involved, and traditional construction, including incremental construction 
(Figure 2).  

 
Figure 1. People expect to live in buildings that are safe in earthquakes. 

 
Figure 2. Codes and their implementation are necessary to improve the earthquake-safety of this type of housing. 
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Figure 4. A circular rubber bearing containing many thin steel plates is located between the bottom of every column 
and its foundation to isolate the building from horizontal earthquake shaking. 

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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Earthquake-safe Buildings  
Article 20. Importance of Checks during the Construction of Buildings 
Article 19 outlined the need for an independent check of design calculations, plans and specifications before applying for 
a building permit, and definitely before commencing construction. A check gives the client confidence that local codes 
and standards have been followed and therefore the building is more likely to be earthquake-safe. 

The next challenge is to arrange checks during construction. Like any of us, builders make accidental mistakes. Some also 
choose not to follow plans and specifications. They might omit reinforcing bars, bend them incorrectly, use too little 
cement in concrete or use poor quality bricks or blocks (Figure 1). Without checks, even a newly constructed building 
can be unsafe in earthquakes.  There are many examples of very poor and unsafe construction (Figure 2). However, if a 
builder does follow the plans and specifications, a building is expected to remain safe during an earthquake for which it 
was designed. 

 
Figure 1. A reinforcing bar is being tested to check it is up to standard. 

 
Figure 2. The reinforcement of this column does not comply in numerous ways with the local codes and standards. 
During a moderate to large earthquake, it will be seriously damaged. 
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Refer to the document FEMA E-74 for examples of typical restraint methods. Many methods of restraining equipment 
are relatively cheap and are a wise investment by preventing damage during an earthquake.  

 
Figure 2. Walls damaged by earthquake shaking pose risk to life.  

 
Figure 3. A brick chimney has broken off at roof level and fallen. Most of the remaining chimney is damaged (N. 
Allaf). 

 
Figure 4. An earthquake has destroyed most of the brick cladding and glazing of this building. 
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Earthquake-safe Buildings  
Article 22. Retrofitting Buildings against Earthquake 
Retrofitting is the process of improving the earthquake performance of existing buildings that are considered unsafe. It 
is rather like how people with serious medical conditions undergo surgery to prolong their lives. Indeed, some retrofit 
projects have been described as seismic surgery. 

There are many reasons buildings are retrofitted in earthquake-prone regions. In most cases, building regulations 
require action, such as retrofitting, to buildings assessed as being dangerous in earthquakes. The intention is to improve 
the resilience of cities and communities by lessening damage and trauma following a large earthquake. Retrofitting is 
one action we can take to avoid a future disaster involving injuries, loss of life, and loss of shelter and employment. 
Usually, buildings that are most valuable to a community, like hospitals and schools, are targeted first for retrofit.  

The first step on the journey of retrofitting a building is assessment. An experienced engineer can quickly determine if a 
building has any serious weaknesses.  A soft story (see Article 11) or discontinuous walls (Article 12), for example, might 
cause collapse in a damaging earthquake. The building age gives an indication of the probable standard of design and 
construction. For example, the first concrete buildings designed to survive intense shaking were built from the 1980s 
onwards. Materials of construction are very relevant. Based on their poor performance in past earthquakes, 
unreinforced masonry buildings are usually the first requiring retrofit.  

If an initial assessment shows retrofitting is required, then more detailed engineering investigation and analysis is 
required. Small areas of demolition will show if certain crucial reinforcing details are safe (Figure 1).  

 
Figure 1. (a) shows a column cross-section where the ties have only a 90 degree bend. When the column is 
inevitably damaged during an earthquake, the bend just opens out and the tie is useless (b). In (c) the tie has been 
bent properly, and in accordance with code, with a 135 degree bend. When the column is damaged the tie is still 
effective (d). 
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Figure 4. Bays of steel bracing are inserted into this building as part of the retrofit. 

 
Figure 5. A timber floor of a masonry building is strengthened for earthquake resistance by steel bracing 
underneath it. 

Finally, retrofit is usually an expensive process. In many situations it is unaffordable. Yet a relatively cheap solution is 
available for adobe houses (Vargas-Neumann 2011). Although there might be no option other than to live and work in 
vulnerable buildings for now, the way ahead is to ensure new buildings are safe. Then, over time, the building stock will 
gradually become safer in earthquakes.   

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 
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Figure 4. A frame building of columns and beams (1) with dampers (2) at the tops of diagonal braces (3). 

 
Figure 5. Two buckling-restrained braces resist and dampen down movement in an earthquake. 

Another new approach known as damage-avoidance design is becoming popular. Conventional structures like walls and 
frames that are capable of resisting earthquake are specially designed so that during an earthquake their primary 
members are not damaged. Rather, structural damage is confined to replaceable energy absorbers (Figures 6 and 7). 

 
Figure 6. Two concrete walls side by side (1) connected to the foundations (2) by steel tendons (3) which stretch 
during earthquake loads (4). Steel plates (5) are distorted, absorbing energy and reducing resonance. 
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Figure 7. An earthquake energy absorber located between two rocking walls. 

All the techniques mentioned above are far more sophisticated than conventional design and construction approaches. 
Therefore, only the most experienced and competent civil engineers should implement them. 
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