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ABSTRACT: While new seismic-resisting technologies have been developed using 
information gained from past large earthquakes, cities and societies have also been 
rapidly changing. The complex and highly rational systems of big cities may suddenly 
lose their functionality following a large seismic event. Engineers and scientists should 
not only predict the likely damage, but also fully imagine and consider the wide-ranging 
consequences of worst-case scenarios in big cities. Damage from large earthquakes could 
significantly increase without preparation of effective countermeasures that account for a 
rapidly changing society. 

1 INTRODUCION 

Earthquakes are disastrous events caused by crustal movements as described by plate tectonic theory. 
Crustal movement is slow relative to human activity and is also complex. While predicting the 
magnitude, epicenter, and precise time of large earthquakes is very difficult and beyond our scientific 
knowledge, earthquakes are certain to occur within a long enough time period. The frequency of large 
earthquakes at an individual area is low, and the intervals between large earthquakes may be longer 
than a human lifespan. During these intervals, cities and societies can undergo significant change 
because of  people, societal demands and economic growth. These changes are more drastic when the 
intervals between major earthquakes are longer. Because past earthquakes are often forgotten, changes 
to a city often fail to take into consideration lessons learned from previous disasters. 

2 SEISMIC TECHNOLOGY AND PAST EARTHQUAKES 

Engineers and scientists have learned many lessons from past earthquakes and disasters. These 
experiences have been used to develop new seismic-resisting technologies and to revise and update 
seismic design philosophies. Table 1 shows the notable earthquakes that have occurred in Japan and 
the improvements to seismic engineering resulting from the information gained from each earthquake.  

 

Table 1. Improvements after past earthquakes 
Earthquakes Year Magnitude Gained Information and Improvements 
Kanto earthquake 1923 7.9 Introduction of design seismic lateral load 

Tokachi-Oki earthquake 1968 7.9 Improvement of shear strength of reinforced concrete 
columns by tightening the transverse reinforcement 

Miyagiken-Oki earthquake 1978 7.4 Collapse prevention design against large earthquakes 

Great Hanshin earthquake 1995 7.3 
Prevention of brittle failure of steel connections 
Recommendations for structural retrofit of existing 
buildings 

Great East Japan earthquake 2011 9.0 Seismic strengthening of non-structural components 
Post-earthquake business continuity 

Kumamoto earthquake 2016 6.5 Vulnerability of non-engineered old wooden houses re-
recognized 
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Structural engineering technology has advanced following these large earthquakes (Figure 1). A 
structural design methodology to prevent building collapse under large earthquakes was first 
developed after the Miyagiken-Oki earthquake in 1978. Structural retrofitting of existing buildings 
was widely encouraged after the great Hanshin earthquake in 1995. Seismic strengthening of non-
structural components and post-earthquake business continuity have received greater attention 
following the great East Japan earthquake in 2011. While the technology has developed, societal 
demands for structural performance have gradually increased. 

 

  
Tokyo 1966 

(Building height constraint to 30m) 
Tokyo 2011 

(Many tall buildings constructed) 

Figure 1. Structural technology innovation seen in Tokyo 

 

Other issues, often unrelated to engineering matters, have not seen significant improvement. The 
seismic vulnerability of old wooden houses is one typical example. While this vulnerability is well 
known within the engineering community, it has not been adequately addressed for various reasons, 
such as inconvenience during strengthening, lack of awareness by owners, and the absence of cost-
effective strengthening technologies. Many old wooden houses were damaged in the recent 
Kumamoto earthquake in 2016 1) (Figure 2).  Difficulty in passing knowledge between generations is 
another issue.  The poor response during the post-earthquake tsunami in the great East Japan 
earthquake may have resulted from lack of tsunami knowledge. A critical factor may have been 
inadequate city planning of the tsunami hazard area. Tsunamis occur with very low frequency but do 
occur periodically. 

 

  
Difficulty of passing knowledge over 

generations 
(great East Japan earthquake 2011) 

Vulnerability of wooden houses 
(Kumamoto earthquake 2016) 

Figure 2. Issues not much improved by previous experience 
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While new seismic-resisting technologies have been developed using information gained from past 
large earthquakes, cities and societies have also been rapidly changing. Lands have been reclaimed, 
transportation systems have been developed to be more convenient, and structures have been 
constructed that are larger and more complex than those that have experienced past major earthquakes.  

 

Therefore, in the case of large earthquakes, there remains the possibility that unexpected events occur. 
The ground may deform, poor infrastructures, buildings and non-engineered housings may collapse, 
and non-structural components such as cladding and ceilings may fall. Electric or chemical plants may 
be destroyed. Transportation systems may be damaged. Electricity may no longer be produced or 
distributed. High-tech communication networks may not only be physically in disorder, but also 
highly restricted for public use. Gas and water supplies may malfunction. Disorder of sewage 
treatment systems may bring more serious consequences than previously considered. Post-earthquake 
tsunamis may surge. Simultaneously, high tide or storms may come. Consequently, serious flooding or 
landslides may occur. Post-earthquake fires are also a serious concern. Fires in old wooden houses that 
are densely packed in big cities may get out of control with the narrow streets preventing access of 
firefighting activities. The damage would get significantly worse in the case that such disasters are 
combined. 

 

After the industrial revolution of the 18th century, the producing capability has rapidly increased and 
societies are filled with many products. People used to buy only what they needed. Nowadays, new 
products inspire peoples’ desire and many products are considered necessities even though they are 
not truly needed. In these physically fully supplied societies, peoples’ demands and desire increase and 
they accelerate change and diversity of societies. Improvement of seismic technologies based on 
knowledge gained form past large earthquakes may not be enough to deal with these changes and 
greater diversity in society. Therefore, something unexpected might occur in the case of large 
earthquakes. 

 

3 DISASTERS IN BIG CITIES  

Cities attract people. Cities have become more convenient and societies more active. People, money, 
functions, and information have become more concentrated into big cities. Consider Tokyo (Figure 3), 
which is one of the five largest cities in the world. Its population is over 13 million 2). Including the 
metropolitan area, its population reaches 37 million, which is 30% of the total population of Japan. 
The metropolitan area comprises only 4% of the land area of Japan, making its population density 7.5 
times the average national density.  

 

In cities with a large number of people and a high population density, functionality is highly 
concentrated. In large cities, people commute long distances. The transportation systems are complex 
and their operation schedules are too tight. While new high-tech tall buildings are constructed, dense 
areas with old wooden houses remain unchanged.  

 

On the other hand, the Japanese population began decreasing in 2015 2). Population aging and 
depopulation are serious problem for cities in rural areas. There are big differences between cities in 
urban and rural areas. In the future, this trend may be seen in many cities in other countries, 
particularly in Asia. 
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Figure 3. Tokyo is a big city 

 

Figure 4 shows a sketch by Galileo Galilei explaining that bone sizes are not directly proportional to 
body size. Bones in large animals are thicker than those estimated proportionally in small animals. The 
weight of an animal is proportional to the cube of its size. Unless the bone material or structure is 
different, the sectional area of the bones must be proportional to the cube, rather than the square, of the 
size. This implies difficulty in supporting physically large objects. 

 

 
Figure 4. Animal bones not in proportion to their sizes 3) 

 

  

After a large earthquake, rescue and recovery support from other cities may not be fully accessible for 
big cities. Serious damage to a city’s infrastructure, such as destruction of transportation and sewage 
treatment systems as well as distribution systems for food and water, could directly cause the loss of 
its function. Big cities are often political and economic centers, and society may not remain sound if 
these important centers are unable to function properly. The excess population concentration results in 
higher risk of catastrophic damage (Figure 5). 
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(1) Sparse residents (2) Growing city 

  
(3) Maximum intensity (4) Possible collapse 

Figure 5 Worst-case scenarios by excess population concentration 

 

People’s activities in big cities are supported by its surrounding areas. In addition to water and 
electricity, much of the food, daily necessities, and materials are carried into cities by transportation 
systems. The surface length of a city is proportional to its diameter, while its area is proportional to the 
square of its diameter (Figure 6). Since there are many tall buildings in big cities, population capacity 
and activities increase in proportion to the cube of the diameter. The transportation system may be 
destroyed after a large earthquake and the materials may not be carried in the big cities without 
sufficient surface length.] 

 

The sectional area of bones needed for animals are in proportion to the cube of the sizes (Figure 4). If 
bone materials increased in strength in proportion to an animal’s size, then bone sizes would have 
remained proportional regardless of the animal’s size. The same concept may be adopted for structures 
in big cities. The strength of buildings and infrastructure in big cities needs to be proportional to their 
size in order to make them as equivalently safe as moderately sized or small cities. Alternatively, big 
cities should be divided into smaller cities (into four in Figure 6) to increase their surface length. 

Total	volume	of	
a	big	city

Surface	length	is	not	enough	for	
disaster	recovery

 

total	volume/4 total	volume/4

total	volume/4total	volume/4

Enlarging	the	surface	length	4	times

 
One big city Divided moderate cities 
Figure 6. Dividing big cities and enlarging the surface length  
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4 COUNTERMEASURES 

Damage caused by large earthquakes could significantly increase without preparation of effective 
countermeasures that account for a rapidly changing society. Seismic disasters are catastrophic and 
efforts to reduce the resulting damage are essential. Even if casualties can be minimized, a significant 
amount of human and financial resources would be needed for rescue and recovery activities. The cost 
could reach ten times that for the countermeasures.  

 

When structural engineers design, they consider the safety of individual structures. On the other hand, 
they may not consider the safety or possible post-earthquake situations of whole cities. Biotechnology 
scientists must consider the impact of their research outcomes on human society as a whole when they 
study in cloning animals or even humans. In general, scientists try to make progress in their research 
to solve specific problems, believing that their results will improve society. However, they cannot 
fully predict all of the future impacts of their research. It is impossible to have modern big cities 
without innovation in structural engineering technology. Cities are composed of individual, well-
considered structural design achievements; however, there is room for debate about whether a whole 
city is well designed.  

 

While the western style of medical practice treats individual parts of the body such as the heart and 
stomach separately, the eastern practice treats the whole network of organs. From this point of view, 
big cities could be designed similarly to the eastern medical practice. 

 

We believe that the following countermeasures are important for big cities against large seismic 
hazards and disasters. These countermeasures are to be taken at various levels, including by 
individuals, local communities, and municipalities or governments. Moreover, these countermeasures 
are essential but not sufficient. Additional countermeasures are also recommended, such as 
strengthening of infrastructure for electricity, gas, water and transportation, and effective use of 
information, internet and communication technologies. 

 

(1) Imagination of potential seismic damage 

We shall keep doing our best to make big cities resilient against low-occurrence but high-risk seismic 
disasters by imagining various worst-case scenarios. It shall be aware that the disasters could be more 
catastrophic when they occur in conjunction with tsunamis, high tide, fires, and storms.  

 

(2) Selection of places for living and activity  

Scientifically and historically, it has been shown that there are high risk areas for large earthquakes. 
We shall share information and continuously make efforts to select safer places for living and 
activities. 

 

(3) Requirements for high seismic strength in big cities 

Since damage to big cities in case of large earthquakes brings serious results not only for the cities 
themselves but also for the nation or even the world, structures in big cities shall be designed with 
greater strength.  “Big city design factors” shall be introduced for such strengthening. 

 

(4) Strategy to save existing structures with low seismic strength 

There are many existing buildings and portions of infrastructure with low seismic strength in big 
cities, such as old wooden houses. In order to strengthen these seismic vulnerabilities, various 
strategies shall be taken such as a tax exemption system for structures with high seismic strength and a 
social system to achieve proper design and construction.     
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(5) Re-distribution of concentrated population and functions 

Seismic risks shall be hedged by dividing populations and functions in big cities. This would enhance 
the sustainability of societies and activate rural cities. Governmental functions may also be distributed.   

 

(6) Building shelter cities  

Roads for rescue activities and places for evacuation shall be well prepared and organized. After large 
earthquakes, people shall be able to stay safely in and be evacuated to these shelter cities. 

A	major	earthquake	disaster	may	happen	in	a	big	city	

Too	much	personal	rights.

Forgetting	that	cities	withstand	in	
the	nature.

Minimum	seismic	strength	allowing	
large	plastic	deformations.

City	ACity	B City	CCity	D City	E

Too	high	of	a	concentration	
of	people,	property,	

information	and	political	
functions Fragile	buildings	and	infrastructure

・・・・ ・・・・・・・・

Critical	level	of	disaster	risk

 
(a) Heavily intense city 

A	strong	city	against	a	next	large	earthquake

Public and	personal	rights	to	be	
controlled.
Population	concentration	to	be	
controlled,	like	in	European	
countries.
Application	of	seismic	isolation	and	
passive	control.
Risk	control	and	business	continuity	
plan.

City	ACity	F City	D City	B City	C City	E ・・・・

tougher	and	
stronger	structures

decentralization

Strengthening	buildings	and	
infrastructure
using	new	technologies

 
(b) Desired composition of cities 

Figure 7 Strengthening big cities	
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5 CONCLUSIONS 

In general, supporting physically large objects is difficult. This fact implies that we need to consider 
the safety of big cities as a whole in addition to individual structures. Seismic engineering technology 
has been developing; however, it is not sufficient to protect big cities against large earthquakes. It is 
because the cities have been rapidly changing and getting more diverse, and there are many existing 
infra- and building structures with low seismic strength. The complex systems of big cities may 
suddenly lose their functionality following a large seismic event. In order to reduce the risk, engineers 
and scientists should fully consider the wide-ranging consequences of worst-case scenarios. For 
preparations, several countermeasures suggested in this paper may be effective. The countermeasures 
includes ‘selection of places for living and activities’, ‘requirements for high seismic strength in big 
cities’, ‘strategy to save existing structures with low seismic strength’ and ‘re-distribution of 
concentrated population and functions’. 
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