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Abstract: In modern society, the population, wealth and social functions are increasingly 
concentrated in a few large cities. Such concentration brings about efficiency while at the same time it 
increases the vulnerability of the society. To address this issue, the Science Council of Japan (SCJ) 
published a proposal entitled “Shape Cities and Societies Safer against Severe Earthquakes”. It makes 
a variety of suggestions for enhancing the seismic resilience of large cities, including: (1) 
comprehensive thinking based on the latest scientific knowledge and rich imagination; (2) selection of 
sites suitable for residence and social activities; (3) introducing the urban seismic coefficient; (4) 
promoting the enhancement of the seismic performance of buildings and civil structures; (5) easing 
the concentration of population and functions; (6) building communities that enable shelter and escape; 
(7) resilient technology of information and communication system and its effective utilization; (8) 
preparation and implementation of emergency response after earthquakes; (9) development and 
application of new structural seismic technology; (10) learning from domestic and foreign earthquake 
disasters and launching of international cooperation and knowledge sharing and (11) taking actions 
from a multidisciplinary perspective. The proposal is introduced in this paper.  
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1. Background 

Under the threat of the possible occurrence of major earthquakes in the near future, as the 
population, wealth, and social functions are increasingly concentrated in large cities such as Tokyo, 
the capital city of Japan, the risk of earthquake disasters in large cities is ever increasing. A report 
from the Central Disaster Prevention Council noted that if a near-field earthquake of magnitude 7 
occurs in Tokyo, the ground motions and subsequent fire will cause more than 20,000 people to die, 8 
million people to suffer from difficulties in returning home, and 610,000 buildings to collapse or burn 
down. The direct economic loss and the loss due to declines in production and social service levels 
will be approximately 95 trillion Japanese yen (approximately 870 billion US dollar), which is 
equivalent to the annual general fiscal budget of the Japanese government [1]. 

If a great disaster of such a scale occurs in a large city, providing sufficient aid will not only 
exceed the capability of the surrounding cities, but may even exceed the capability of the entire 
country. Therefore, actions must be taken before such an event occurs. Cities and communities that 
have gradually formed cannot be changed overnight. Taking actions on all countermeasures is also not 
an easy task. Nevertheless, one should not wait until a disaster occurs to start responding. Individuals, 
families, enterprises, communities, and even the entire country should strive together to take practical 
and effective measures to mitigate as much as possible the disasters that may occur in the future.  

Stemming from the pursuit of economic efficiency and affluent lives, a large fraction of the 
population and social organizations in Japan are concentrated in cities. The densities of buildings and 
functions in large cities are very high (Figure 1), and the complex interrelations between buildings and 
functions form a highly efficient social system. Cities at present do not have the ability to resist and 
defend against large-scale external events such as major earthquakes. Once a major earthquake occurs, 
the social system will be destroyed instantaneously, causing a grievous disaster. The subsequent fires 
after the earthquake may ignite vehicles, and the fire will spread in all directions through the large 
number of vehicles congested on the roads, forming a major city-wide conflagration. It is possible that 
such disaster scenarios that have never appeared before may actually occur. 

Human beings cannot prevent the occurrence of natural phenomena. Therefore, we can only 
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strengthen the preparedness and post-disaster response capability of our community. It is necessary to 
start with both the soft and hard aspects before a disaster occurs and adopt practical and effective 
measures to ensure the safety of people during a major earthquake and to prevent negative effects on 
people’s lives and social activity levels (UNF 2015). 

In this paper, the proposal of “Shape Cities and Societies Safer against Severe Earthquakes” 
announced by the Science Council of Japan (SCJ) on August 23, 2017 is introduced. Professors Akira 
Wada, Ikuo Towhata and Kazuo Tamura are the members of the subcommittee on large earthquake 
disaster prevention and disaster mitigation in large cities under the committee on civil engineering and 
architecture. Professor Zhe Qu has carefully discussed it with us and made the Chinese and English 
versions of the proposal. The first part of the proposal can also be found in [2]. This paper presents a 
complete introduction to the proposal. 

 

 

Figure 1. High-rise buildings along the shore of Tokyo Bay (Okawabata Area, Tokyo Metropolis, 
Photo by Kazuo Tamura). 

 
2. Introduction 

The interior of the Earth is in a state of high temperature and high pressure whereas the surface of 
the Earth is cooling down due to heat radiation towards space. The mantle convection thus formed 
between the surface and the interior of the Earth drives the complex movement of the Earth’s crust, 
which is composed of different plates, and causes earthquakes. The “Plate Tectonics Theory” (Figure 
2) explains this phenomenon and was accepted by researchers around the world in the 1960s. The 
occurrences of earthquakes in various places of the world are not related to good or bad luck. Instead, 
earthquakes will inevitably occur in a time span far beyond the human lifespan from ancient time to 
the future. Major earthquakes and the tsunamis thus triggered have produced enormous impact on 
societies around the world. Since the beginning of the Industrial Revolution in the United Kingdom in 
the 18th century, the development of science and technology in leaps and bounds has made human 
society become increasingly convenient and wealthy. Nevertheless, there is still no means to 
completely eliminate the disasters triggered by earthquakes and tsunamis even in this century. On the 
contrary, both the immaturity and overly rapid development of science and technology may lead to 
even greater disasters. 

The Science Council of Japan established after World War II has great responsibilities in 
building a safe territory and society that enable people to live and work in peace and contentment. The 
council has repeatedly published important proposals for improvement based on the experience from 
all previous major domestic earthquake disasters (Table 1). Correspondingly, the industrial, 
government, and research community cooperate with each other to jointly push forward technological 
development and to strive to avoid the recurrence of similar disasters. However, profound changes to 
society have occurred over the past decades, and it is difficult to say that Japan as well as most other 
countries are fully prepared for the next earthquake and tsunami attack. 

The proposal focuses on large cities where people, information, wealth, and assets are highly 
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concentrated. The aim of the proposal is to secure society from major earthquake disasters as much as 
possible. 
 

 
Figure 2. Primary plates of the world and earthquake distribution (Source: Homepage of the Japan 

Meteorological Agency, http://www.data.jma.go.jp/svd/eqev/data/jishin/about_eq.html). 
 

Table 1 Proposal by Science Council of Japan about aspects of urban earthquake disaster prevention 
and disaster mitigation 

 Proposals, etc. Date of publication 

1 Proposal: Summing up the Lessons of the Great Tohoku Earthquake and 
Moving Towards a Safe and Secure Sustainable Society 

September 30, 2014 

2 Proposal: Improve Resilience in Response to Disasters September 22, 2014 

3 Proposal: Academic Investigations Related to the Great Tohoku 
Earthquake—Research Topics and Future Development 

March 28, 2013 

4 Reply: Responding to the Increasing Number of Natural Disasters on a 
Global Scale and Building a Safe and Secure Society 

May 30, 2007 

5 Report: For the Future of Large Cities June 23, 2005 

6 Recommendation: On Ensuring the Safety of Large Cities in Earthquake 
Disasters 

April 19, 2005 

7 Report: Improving the Quality of Science and Technology in Earthquake 
Disaster Prevention and Strengthening International Competitiveness 

February 24, 2003 

8 Report: Special Committee Report on the Investigation of the Great 
Hanshin-Awaji Earthquake 

April 25, 1997 

9 Report: The Second Report of the Special Committee on the Investigation 
of the Great Hanshin-Awaji Earthquake—A Proposal on Land and 
Residence 

February 28, 1997 

Summarized by this subcommittee 
Note: In addition to the proposals listed in this table, there are also replies and recommendations prior to 
1997 about disaster prevention and earthquake engineering studies. 
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3. Earthquakes and Earthquake Disasters 

There is a perpetually acting gravitational acceleration on the Earth. Human settlements maintain 
stability by being able to withstand the action of gravity, thus providing a place for people’s lives and 
social activities. When an earthquake occurs, the ground undergoes very complex movements, which 
may cause destruction of human settlements that so far have experienced long-term stability. 
According to the ground motion records, the peak ground acceleration can exceed the acceleration of 
gravity. The peak velocity can exceed 1 m/s. Faults may be exposed on the surface of the Earth, and 
the residual displacement may reach several meters. The duration of ground shaking may be as long as 
ten minutes. The destructive power of earthquakes is truly amazing and frightening. 

During an earthquakes, weak sites and landfill sites may undergo strength deterioration (Figure 
3(a)), lateral spread (Figure 3(b)), or subsidence; infrastructure and buildings may collapse (Figure 
3(c)); and nonstructural components such as façade walls and ceilings may fall. In addition, power 
plants and chemical plants may be destroyed, traffic networks may suffer damage and be disrupted, 
the power supply may be interrupted, high-density communication networks may not only suffer 
physical damage but also require emergent regulation over free communication to avoid chaos in the 
system (Figure 3(d)), serious failures may occur in the gas and water supply and drainage systems, 
and drainage facilities, which rarely receive attention during peacetime, may be destroyed. A major 
earthquake may also trigger tsunamis, and the combined actions of storm surges and rainstorms may 
lead to combined disasters including flooded urban areas and landslides. 

 

  

(a) Faults exposed on the surface of the Earth in 
the Kumamoto earthquake (Photo by Hiroe 

Miyake) 

(b) Lateral spread in the embankment during the 
Hanshin-Awaji earthquake (Photo by Ikuo 

Towhata) 

(c) Collapsed building in the Hanshin-Awaji 
earthquake (Photo by Tetsuro Ono) 

(d) People using free public telephones to report 
their safety in the Hanshin-Awaji earthquake 

(Source: The Asahi Shimbun) 
Figure 3. Common consequences in the aftermath of earthquakes. 
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If a building structure loses the capacity to bear the gravity load and collapses, it will cause high 
casualties and may become a very unfortunate event. Damaged buildings are also prone to fire 
disasters. When there are fires in multiple places in a city, the fires may gradually develop into a 
large-scale city-wide fire disaster, leading to a significant number of fatalities among people who 
cannot evacuate in time (Figure 4(a) and (b)). In the design of high-rise buildings, although 
consideration is given to structural fire resistance and evacuation plans when a fire disaster occurs on 
a certain floor, when the exterior finishing is destroyed during earthquakes, high-rise buildings may 
not be able to survive large urban fires. In addition, the number of people that are seriously injured or 
burned will be several times the death toll. Post-earthquake emergency assistance and medical rescue 
and treatment require the mobilization of a large amount of manpower. However, the destruction of 
narrow streets and urban infrastructure makes it difficult for ambulances, fire engines, and heavy 
machinery to enter designated areas, and very few people can be rescued from the rubble. The people 
who lost relatives and friends in the disaster are left with only long stories of sadness. Life in post-
earthquake evacuation and temporary dwellings is also abnormally hard for people who have lost their 
homes (Figure 5). 
 

 

(a) Large urban fires in the 1923 Kanto earthquake 
(Source: Asahi Shimbun Company) 

(b) Conflagration at an oil refinery during 
the Tohoku earthquake (Source: Asahi 

Shimbun Company) 

 

(c) Collapse of a highway in the Hanshin-Awaji 
earthquake (Photo by Yoshikazu Takahashi) 

(d) Destruction of a timber frame building 
in the Kumamoto earthquake (Photo by 

Akira Wada) 
Figure 4. Damage caused by earthquakes and subsequent fires 
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Figure 5. Memorial hall of Aoyama Gakuin University in Tokyo opened for many people to stay a 

night after the Tohoku earthquake. 
 
Due to the impact of severe damage suffered by public roads and the railway system (Figure 

4(c)), not only is it difficult to transport people, but the transportation of food, clothing, medicine, and 
other materials is also beset with difficulties, and the activities in large cities fall into stagnation. Even 
if buildings do not collapse, buildings that meet the requirements of modern building codes will also 
sustain severe damage. Like in the 2011 Christchurch earthquake in New Zealand (Figure 6) and the 
2016 Kumamoto earthquake in Japan (Figure 4(d)), large numbers of residences, apartments, schools, 
enterprises, factories, and public buildings cannot be occupied or continue to be used and may even 
need to be demolished. The recovery and reconstruction of a large city after a major earthquake 
disaster are not easy tasks, and many people have no choice but to move to other cities. 

 

   
Figure 6. Christchurch views before and after the earthquake happened in February 2011. 

 
4. Earthquake Disasters in Large Cities 

The time interval between major earthquakes occurring in a certain area is often longer than the 
lifespan of several generations. When there is no earthquake disaster, people and society are in a long-
term stable state, and although urban development is performed continuously, disaster prevention 
measures have not kept pace, which increases the risk of disaster caused by future earthquakes. 

In large contemporary cities, large-scale buildings stand in great numbers, the traffic system is 
developed, people’s lives and social activities are highly efficient and active, and the population, 
property, and functions are highly concentrated. This is a situation that never existed when 
earthquakes occurred in the past and is also a unique problem of large cities. One must understand that 
once such a city and society are impacted by an intense earthquake, the original stable state will be 
broken instantaneously, and urban functions will be lost. The larger the scale of the city, the higher the 
degree of concentration of functions, and the greater the scale of a major earthquake disaster that may 
occur. 
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The earthquake disaster scenario will vary depending on the time when the earthquake takes 

place (seasons, holiday or workday, time periods such as commuting time or late night). Large cities 
have large populations, and the mobility of people is very high. People do not stay indoors all the time; 
therefore, countermeasures for disaster prevention that only envision people staying in safe buildings 
after an earthquake are not comprehensive. During daytime, members of a family may stay in different 
places. Once an earthquake occurs, family members want to report their safety to each other, 
generating much greater volumes of traffic and communication than during peacetime. If traffic 
congestion occurs for a prolonged period of time, more and more vehicles will be abandoned on 
public roads, and the traffic system will fall into paralysis. 

When small and medium-sized cities suffer earthquake disasters, they may receive assistance 
from other cities and local communities, thereby organizing effective emergency rescue and assistance, 
recovery, and reconstruction. However, it is very difficult for large cities to expect the surrounding 
small and medium-sized cities to provide strong support because even in peacetime, the social 
activities of large cities can be maintained and sustained only with the support of the other cities and 
rural areas of the entire country. During an earthquake, the small and medium-sized cities and rural 
areas surrounding the large cities may suffer from the earthquake disasters at the same time, and 
lifeline systems such as electricity and transportation may be damaged, causing an inability to 
guarantee the supply of daily necessities—such as electricity, food, and water—in large cities. The 
activity stagnation and loss of functions in cities (especially large cities of special political and 
economic importance in the country) may have a very large impact on the rise and fall and economic 
stability of the country. It was noted in the Specific Plan for the Emergency Response When the 
Capital Encounters a Near-field Earthquake published by the Japanese government in March 2016 that 
when Tokyo encounters seismic action of greater than Intensity 6, the total number of firefighters, 
police and self-defense forces that need to be dispatched is 140,000. One can see that the scale of 
mobilization for the post-earthquake emergency response will be enormous [1]. 

In the past, the development of the seismic design method was based on the scientific studies of 
seismology and engineering research of the seismic performance of structures. Considering the extent 
of human casualties, property loss, and disruption of social activities in a major earthquake, in 
addition to the scale of urban recovery and reconstruction, the seismic performance requirements 
should be associated with the scale of the cities. 
 
5. Continuous Efforts Needed to Mitigate Earthquake Disasters 

Since the beginning of the 21st century, many major earthquakes have occurred in Japan and in 
many other countries. Earthquake disasters are unfortunate; therefore, it is necessary to make 
substantial efforts to mitigate them. Based on Article 29 of the Constitution of Japan, which stipulates 
that private property shall be inviolable, when Japan substantially revised the Building Standard Law 
in 1981, excessive demands could not be made upon the owners; thus, buildings were allowed to tilt 
and be demolished during a major earthquake of a several-hundred-year return period (Figure 7). On 
the other hand, based on Article 25 of the Constitution of Japan, which stipulates that all people shall 
have the right to maintain the minimum standards of wholesome and cultured living, prevention of the 
collapse of buildings to avoid casualties is a principle of the highest priority. However, even if it is 
possible to avoid casualties, if buildings, public roads, and railways cannot be used due to damage, 
post-earthquake rescue and assistance, recovery, and reconstruction will consume tremendous 
manpower and material resources. 
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Figure 7. An apartment building that met the requirements of the Building Standards Law for 
protecting human lives in the Tohoku earthquake but was demolished due to severe damage (Photo by 

Sanada Yasushi) 
 

For newly constructed buildings and timber frame houses, the construction costs of the structures, 
including foundations, columns, beams and walls, account for approximately 25% to 30% of the total 
construction costs. It is only the basic requirement for a structure to support the gravity load. It also 
needs to resist seismic loads. The seismic resistance is also part of the cost of the structure. The 
application of new design methods and new technologies plays an important role. The 1995 Great 
Hanshin-Awaji earthquake was a unique opportunity to promote the application of new technologies 
such as seismic isolation and seismic passive control that substantially improve the seismic 
performance by, for example, 1.5 times while the construction costs are not increased or only slightly 
increased by approximately 3%. 

Since the Kobe earthquake, governmental buildings and many newly constructed buildings of 
non-governmental enterprises have adopted these new technologies to improve their seismic 
performance. Although it is generally believed that the service life of a building is 60 years, the actual 
lifespans of many buildings in Japan are much shorter than those of buildings in Europe and the 
United States. Surveys have indicated that the average lifespan of buildings in Tokyo is approximately 
30 to 45 years. For existing buildings constructed in different time periods and in due to be 
demolished, new buildings of much enhanced seismic performance can be constructed at 
approximately the same cost of demolition and conventional reconstruction if the aforementioned new 
technologies are adopted. This is very helpful for improving the seismic capacity of the entire city. 

The seismic retrofit of existing buildings and lifeline systems is being performed gradually. If 
seismic retrofit can be performed on all existing buildings, then there is hope of ensuring the safety of 
the city. 

Aside from putting forward recommendations that can be implemented in the short term, this 
proposal also makes recommendations for measures that must be persistently taken in the long term. 
In addition, there are recommendations for social phenomena that must be corrected, such as the 
current excessive concentration in large cities. The change could be gradual, but we need to make sure 
it is in the desired direction. Hopefully, it is possible to gradually realize cities where major 
earthquake disasters will not occur by persisting in continuous efforts through individual and family 
self-assistance, mutual assistance between community residents and enterprises, and public assistance 
from municipalities, prefectures, and even the nation. 

 
6. Proposal of “Shape Cities and Societies Safer against Severer Earthquakes” 

 
(1) Comprehensive thinking based on the latest scientific knowledge and rich imagination 

The focus should be on earthquake disasters with low frequency of occurrence, but with the 
capability of causing tremendous destructive damage, while considering multiple disasters such as 
tsunamis, storm surges, fire disasters, and rainstorms. Based on the latest scientific knowledge and 
rich imagination, it is necessary to analyze all kinds of disaster scenarios that may appear and to strive 
to develop cities where major earthquakes will not cause disasters. In addition, preset scenarios cannot 
possibly be complete, and it is necessary to maintain awe for nature and to continuously review the 
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settings of future disaster scenarios. 
(2) Selection of sites suitable for residence and social activities 

The disaster risks of locations where people reside and work should be correctly understood in 
relation to the seismicity of different areas and, and to the disaster history of the specific area. It is 
necessary to choose safer places and move residential areas and social activity areas from areas with 
higher risks of disasters to areas with lower ones. 
(3) Introducing the urban seismic coefficient 

To improve the seismic performance, an “urban seismic coefficient” should be introduced to and 
enforced on buildings, infrastructure and lifeline systems in large cities that are at risk of causing great 
social impact if they fail. 
(4) Promoting the enhancement of the seismic performance of buildings and civil structures 

The seismic performance of existing buildings and infrastructure, and old timber frame 
residences with insufficient seismic performance should be improved. For newly constructed 
buildings, especially timber frame residences, it is necessary to use the latest technology in their 
design and construction to build solid and reliable structural systems. 
(5) Easing the concentration of population and functions 

Plans to ensure reasonable land development should be formulated and implemented to address 
and correct the current state of over-concentration of population and functions in large cities. 
Furthermore, plans to mitigate the unipolar concentration in Tokyo and plans to increase the 
sustainability of Japan’s development must be made to respond to the waste of resources and weak 
local development issues. 
(6) Building communities that enable shelter and escape 

By enhancing the seismic performance of infrastructure and buildings, it is possible to create 
human shelter within buildings when disasters occur. Although this goal is difficult to achieve in the 
short term, active pre-disaster preparation should be made to ensure the normal operation of rescue 
and emergency transport corridors, shelters, and lifeline systems that matter to life and safety during 
disasters. 
(7) Resilient technology of information and communication system and its effective utilization 

Measures—such as increasing the capacity of the communication bandwidth, extending the 
battery life, and allowing daily equipment to continue to be useable in the event of a disaster— should 
be taken to strengthen the disaster response capabilities of the information and communication system. 
To enhance post-disaster rapid response capabilities, data processing technology should be developed 
to enable the normal operation of the information and communication system in the event of a disaster 
without performing communication control. 
(8) Preparation and implementation of emergency response after earthquakes 

Disaster prevention education tailored to local characteristics should be launched at schools and 
in communities. A certain cooperative relationship between public units, private enterprises, and 
residents that launch related activities during peacetime should be established to mitigate the 
socioeconomic losses in earthquake disasters and ensure the effective implementation of the “self-help, 
mutual assistance, public assistance” policy. At the same time, the focus should also be on making 
corresponding preparations for foreigners who have a language barrier and cannot obtain earthquake 
disaster information in a timely manner. 
(9) Development and application of new structural seismic technology 

Vigorous development and research of Japan’s seismic technology should be continued, and its 
application should be widely promoted. Practical seismic methods and structural systems should be 
developed to prevent structures, and even the entire engineering system, from being destroyed even if 
they suffer external actions that exceed past design expectations. 
(10) Learning from domestic and foreign earthquake disasters and launch of international 
cooperation and knowledge sharing 

Full use of common disaster prevention related knowledge from the various countries of the 
world in terms of the construction of urban systems, structural engineering, traffic networks, and 
communications networks should be made, and efforts to advance the work of domestic and foreign 
disaster mitigation should be made. 
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(11) Taking actions from a multidisciplinary perspective 

Efforts should not be limited to only the field of science and technology; rather, different fields 
such as the humanities, sociology, economics, and medicine should also be comprehensively 
considered in formulating urban disaster prevention and disaster mitigation countermeasures by 
stepping over the boundaries of various professions. To this end, information sharing and exchange 
between different professions should be vigorously promoted during peacetime. 

The members of the Science Council of Japan founded the association of “Japan Academic 
Network for Disaster Reduction” with 56 academic societies relevant to disaster management who 
gathered and established an emergency contact network in January of 2016. This association aims to 
collaborate across academies and make efforts to integrate different specialties for disaster reduction.  

 
7. Commentary on the proposals 

[Major Premises] 

(1) Comprehensive thinking based on the latest scientific knowledge and rich imagination 

From the second half of the 20th century until the present, multiple earthquake disasters have 
occurred at home and abroad. Each event clearly displayed the mighty force of nature, the 
helplessness of human beings in the face of nature, and the scarcity of imagination for disasters that 
may occur in the future. We must soberly understand that human beings still have very limited 
knowledge about natural phenomena such as earthquakes and tsunamis, and the cities and 
communities that are organized based on the needs of people and society still cannot completely resist 
and defend against natural disasters. In the past, not only did researchers and engineers lack sufficient 
insight, but the entire society was satisfied with disaster mitigation countermeasures that were within 
the scope allowed by the technical and financial conditions at the time. In the future, the focus should 
be on great earthquake disasters that were not taken seriously in the past, and on complex disasters 
that include tsunamis, storm surges, fires and rainstorms. The latest science and technology should be 
relied upon to fully consider possible disaster scenarios, and on this basis, regardless of whether there 
are already effective preventive countermeasures, we should unleash our imagination to think 
comprehensively and establish corresponding response plans and begin to put the plans into action. Of 
course, this cannot be accomplished overnight but rather requires persistent and continuous efforts to 
realize cities where major earthquake disasters will not occur [3]. In addition, it is impossible for pre-
determined disaster scenarios to be complete, and awe of nature must be upheld to continuously and 
repeatedly review the settings of future disaster scenarios. 

The Sustainable Development Goals (SDGs) published on January 1, 2016 put forward “Goal 9: 
Build resilient infrastructure, advance the comprehensive and sustainable development of 
industrialization, and vigorously expand innovation” and “Goal 11: Make cities and human 
settlements more inclusive, safe, resilient and sustainable”[5]. The historical seismic fortification 
standard of Japan has been to ensure the prevention of building collapse under the action of once a 
475-year (10% probability of exceedance in 50 years) ground motion (1). However, what the United 
States and China consider is to ensure the collapse prevention in a time span equivalent to starting 
from the Yayoi period until the present; that is, under the action of a 2,475-years event (2% 
probability of exceedance in 50 years). For the 475-year ground motion, innovative structural systems 
that are able to ensure buildings and infrastructure to maintain their function or become operational 
after simple repairs should be researched, developed and widely promoted. 

 
 

                                                           
1 (Annotation) The seismic code of Japan employs a two-stage design. In the second stage, it requires the prevention of structural 
collapse in a so-called “extremely rare earthquake” (10% probability of exceedance in 50 years). From the perspective of the 
probability of exceedance, this level is equivalent to the design basis earthquakes in China and the US; however, viewed from the 
absolute value of the seismic action, the elastic response spectrum of Japan corresponding to the second stage design is slightly higher 
than that of China’s magnitude-8 rare earthquake level. In comparing the seismic fortification targets of China and Japan, one should 
fully consider the differences between the two countries in earthquake risk levels. 
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(2) Selection of sites suitable for residence and social activities 

At present, the site selection of urban dwellings and other construction projects in Japan is not 
directly related to disaster risks. Therefore, a large fraction of the population lives in areas where 
natural disasters occur frequently. For Tokyo, Nagoya, Osaka, and other coastal cities, in addition to 
facing the threat of inland near-field earthquakes, it is also necessary to consider the potential impact 
of a strong ocean trench earthquake. The potential active faults for near-field earthquakes are hidden 
under deep soil layers beneath cities and have not been fully explored. On the other hand, regarding 
ocean trench earthquakes, the Hoei earthquake (in 1707), which occurred west of Izu and is known as 
the largest in scale since the dawn of history, caused violent shaking and triggered a major tsunami. 
The destruction of the Hoei earthquake was recorded in many historical materials, which still offer 
much experience that is worth summarizing. In addition, it is said that huge sequential earthquakes 
will occur every one hundred years or so along the Nankai Trough, but it is impossible to completely 
determine what the next earthquake will be like. 

In coastal cities, activities such as filling in the alluvial areas of rivers and marine land 
reclamation on the coastline have significantly changed the terrain of coastal areas. A large number of 
high-density residences, and even high-rise building complexes, have been constructed at zero altitude 
or on soft soil sites. These activities undoubtedly have increased the risk of earthquake disasters in 
these areas. When judging whether urban land is suitable for living or other social activities, in 
addition to considering active faults and earthquake source regions, consideration should also be given 
to the amplification effect of site conditions and soil layer characteristics on ground motions. The 
research and formulation of the main seismic countermeasures for each large city should also refer to 
the site conditions and soil layer characteristics of the construction sites. Many large cities in Japan are 
located in alluvial basins. Therefore, it is necessary to consider the detrimental effects of long period 
ground motions with long durations, especially concerns regarding the resonance of high-rise 
buildings, the psychology of people’s fears, and the degeneration of weak sites. 

Even considering the inviolable rights of individual choice by land owners and occupants, under 
the premise of forming consensus on the vulnerabilities in disaster, thorough seismic performance 
improvement plans should be implemented based on a residential area or a street as a unit. These plans 
cannot be only lip service but rather should be specific policies formulated to achieve the targets. The 
“inland development” plan adopted by Shizuoka Prefecture guided the population’s living and social 
activities toward inland areas in the medium and long term through a series of policies led by the local 
government. This approach is very much worth learning from. 

 
[Improving the Resilience of Infrastructure and Buildings] 

(3) Introducing the urban seismic coefficient 

Once a major earthquake occurs, large cities may suffer serious damage. The scale of the disaster 
may exceed the capacity of the affected cities and even the entire country. A report from the Central 
Disaster Prevention Council of Japan pointed out that if a near-field earthquake of magnitude 7 occurs 
in Tokyo, the ground motions and fires will cause more than 20,000 people to die, 8 million people to 
be homeless, and 610,000 buildings to collapse or burn down. The direct economic loss and the loss 
due to declines in production and service levels will be approximately 95 trillion Japanese yen, which 
is equivalent to Japan’s annual general fiscal budget, in which the loss in buildings and property takes 
approximately 42 trillion Japanese yen [1]. In addition, the repair and demolition of the damaged 
buildings and bridges, the collecting and disposal of post-disaster waste, the construction of shelters 
and temporary dwellings, and other recovery efforts will require very large amounts of public 
expenditures. 

Improving the seismic performance of buildings is essentially important for reducing casualties 
during a major earthquake and the impact of the earthquake on social activities. To maintain urban 
functions, the resilience of infrastructure is also indispensable. The seismic fortification level of 
buildings and infrastructure should be determined according to not only the seismic risks that are 
evaluated based on active faults, seismology, and site conditions, but the scale of destruction during 
the disaster and the impact on the surrounding area should also be considered. On the basis of ground 
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motion intensity obtained through theoretical analysis, China further considers factors such as the 
scale and sociality of a city to make appropriate adjustments to the design seismic intensity. For 
example, the fortification intensities obtained through theoretical analysis for Beijing and Shanghai 
were Intensities 7 and 6, respectively, but the actual design intensities were increased to Intensities 8 
and 7, respectively [5]. 

For the seismic design of governmental facilities, Japan amplified the design seismic load by a 
factor of 1, 1.25 or 1.5, depending on differences in their importance [6][7]. This strategy was first 
employed in 1995 after the Kobe earthquake. In subsequent earthquakes, the earthquake damage to 
buildings designed by this strategy was clearly less severe, indicating that their seismic performance 
was significantly improved. The use of this strategy can be extended to large cities. The seismic 
performance targets of the buildings and infrastructure in large cities can be appropriately increased 
based on the expected functional loss and the extent of difficulties in recovery and reconstruction 
when the large city is subject to a major earthquake. To this end, an “urban seismic coefficient” 
ranging from 1.0 to 1.5 can be adopted to increase the seismic design demands based on the scale of 
the city. Although improving the seismic performance of buildings and infrastructure requires a very 
long time, and it is impossible to increase the seismic capacity of a large number of structures in a city 
in one stroke; however, in the long run, this is the most effective method for mitigating earthquake 
disasters. 

 
(4) Promoting the enhancement of the seismic performance of buildings and civil structures 

1. Promoting the seismic retrofit of existing structures 
Since the 19th century, the earthquake-prone countries in the world have suffered multiple 

earthquake disasters. After entering the 20th century, with the development of science and technology, 
earthquake engineering and construction technology have made great strides forward. Unlike general 
industrial products, the lifespan of civil engineering projects is as long as several decades or even 
more than a hundred years. However, a major earthquake may not occur at the same place for more 
than a hundred years. That is to say, a large number of structures that are occupied in their normal uses 
have not yet exhibited their fragility in an earthquake. If this state is allowed to continue, these 
structures will be very dangerous when the next major earthquake occurs. 

Current science and technology should be used as a basis to perform comprehensive seismic 
performance assessments of public roads, bridges, railways, water supply and drainage pipelines, 
electricity and gas facilities, and other lifeline systems, in addition to factories, warehouses, houses, 
timber frame residences, and other structures. Then, the difficulties of lack of time and budget must be 
overcome to advance the seismic retrofit of disqualified structures to effectively mitigate earthquake 
disasters. At present, policies such as state assistance and tax reduction or exemption have been 
established for privately owned residences and buildings. The entire society should be mobilized to 
perform seismic retrofit on all structures aside from privately owned residences and buildings under 
the guidance of more comprehensive policy. 

2. Ensuring the seismic performance of newly constructed timber frame residences 
The construction of owner-built timber frame residences relies on the craftsmanship of the 

carpenters and construction teams, and it is difficult to use the latest structural design and construction 
technology. In 1891, after the Mino-Owari earthquake, research regarding timber frame residences 
was initiated. In the Essentials of Post-Earthquake Reconstruction of Residential Structures published 
in 1894, the following recommendations were made: (1) pay attention to the foundation structure; (2) 
avoid defects in timber; (3) use metal parts at the connection; and (4) use diagonal braces in the frame. 
These recommendations are very important even today, but it is unrealistic to require traditionally-
trained workers such as carpenters and foremen to perform structural calculations; therefore, 
mandatory requirements were not made in relevant standards. Although the Rules for the 
Implementation of the Urban Building Law issued in 1924, the year after the Great Kanto earthquake, 
clearly stipulated the minimum size of the columns and the configurations of diagonal bracing and 
knee bracing, specific designs and construction were still totally dependent on carpenters. 

The Building Standard Law issued in 1950 stipulated the number of diagonal braces and 
laminated plywood walls in timber frame residences, but it did not require carpenters or construction 
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teams to perform structural design. By Clause 4 of Article VI of the Building Standard Law, all timber 
frame houses under two floors with a construction area less than 500 m2, a total height less than 13 m, 
and an eave height less than 9 m were classified as Category IV buildings. Almost all timber frame 
residences fall into this category. Considering its specialness, its review process was simplified in the 
Building Standard Law, and it was unnecessary for the architect to provide a structural calculation 
report for the approval of construction [8]. This practice often made people think it was unnecessary to 
perform structural calculations for this category of buildings, which caused significant problems. In 
1981, 1987, and 2000, the Building Standard Law was revised. In particular, in the 2000 revision, it 
was stipulated that the foundation must be reasonably designed in accordance with the strength of the 
base soil layer, and corresponding stipulations were made on the style of the connection joints, the use 
of hold-down and connecting components, and the balanced arrangement of timber shear walls. 

The statistics of the recently-constructed buildings are presented in Figure 8. The number of 
Category I, II, and III buildings that require the submission of a structural calculation report for 
confirmation application only account for approximately 30% of the total buildings. The number of 
Category IV buildings that do not require structural calculation account for nearly 70%. 

 

 

Figure 8. Number of approved buildings in Categories I to IV 

 
The Building Standard Law, which provides only the minimum requirements for buildings, 

requires that buildings do not collapse under extremely rare earthquakes (500 years return period 
earthquakes) (2), but allows damage to occur. As a result, it is likely that a large number of residences 
                                                           
2 In Japan’s seismic design, the seismic action corresponding to the elastic design of the first stage is called a “rare earthquake,” and 
that which corresponds to the elastoplastic design of the second stage is called an “extremely rare earthquake.” This is different from 

Chinese provisions. 
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will be unable to continue to be used after an extremely rare earthquake. In the 1995 Kobe earthquake, 
a large number of buildings collapsed, which helped to bring about the implementation of the Housing 
Quality Assurance Law (1999) that stipulated the following seismic ratings: Seismic Grade I is 
equivalent to the requirements of Building Standard Law; Seismic Grade II has 1.25 times the seismic 
capacity of that required by the Building Standard Law; and Seismic Grade III has 1.5 times the 
seismic capacity of that required by the Building Standard Law (3). This helps to promote the broad 
construction of residences with higher seismic performance [9]. 

For the aforementioned Category IV buildings, not only is it unnecessary to submit the structural 
calculation report for the approval of construction, but the bracing and wall ratios also usually do not 
meet the requirements of Seismic Grade I. It can be said that the Category IV buildings are inadequate 
in seismic capacity. To mitigate earthquake damage to timber frame residences in Japan, the Housing 
Quality Assurance Law should be used to promote the construction of residences with higher seismic 
performance. For Category IV buildings, the relevant special provisions should be abandoned, and 
bracing and walls should be reasonably designed to ensure the overall seismic performance of the 
buildings. 

 
[Mitigating the Chaos in Society and in People in an Earthquake] 

(5) Easing the concentration of population and functions 

At present, a very large portion of Japan’s population, socioeconomic activities, and government 
functions are concentrated in areas where a major earthquake is very likely to occur within the next 30 
years. The capital of Tokyo and other large cities have gathered a large number of the population and 
various kinds of functions. If a near-field earthquake occurs in the capital, an earthquake occurs in 
Tokai, or an earthquake occurs along the Nankai Trough, the everyday life of Japanese citizens will be 
disrupted, and the economy and government functions of Japan will be destroyed. It may even have a 
significant impact on the world economy. To disperse the risks and improve the sustainability of the 
overall development of Japan, the overconcentration of population and functions toward cities should 
be appropriately corrected to make living and other various kinds of social functions more 
appropriately distributed across the territory of the entire country. 

The populations of London, Paris, and Berlin account for no more than 20 percent of the total 
populations of their countries. After the Second World War, a large fraction of the population poured 
into Tokyo, and the population in the greater Tokyo metropolitan area is as much as 30% of the 
country’s total population. Not only for coping with large-scale disasters but also for coping with 
problems such as the waste of resources and weak local development brought by the unipolar 
concentration in Tokyo, long-term land use policies should be formulated to avoid the emergence of 
excessive concentration. 

To move the overly concentrated population and economic activities towards local areas, we 
cannot only rely on non-governmental efforts; instead, the division of authority and responsibility 
between the state and the localities, the relationship between the government and the parliament, and 
other issues should be thoroughly investigated. In particular, the current state in which local 
governments and the people have no choice but to rely on the central government should be re-
examined to achieve a decentralized social structure. This is very helpful to ensure the dispersion of 
earthquake disaster risks. 

 
(6) Building communities that enable shelter and escape 

Under the current conditions of seismic vulnerability in infrastructure, residences, and buildings, 
once a major earthquake occurs in the vicinity of a large city, many urban functions will be disrupted, 
and people will lose places for survival and living. After a major earthquake, even if social activities 
are affected, there should at least be an ability to guarantee basic living for people. To this end, not 
only buildings but also infrastructure such as traffic, communications, electricity, gas, and water 

                                                           
3 Here, “seismic capacity” is not in the narrow sense of lateral strength but rather its comprehensive performance including structural 
strength, ductility, and energy dissipation capacity. 
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supply and drainage should be sufficiently resilient. In addition, each family and company should 
store in advance water, food, daily necessities, temporary toilets, medical supplies, and other 
necessities, in addition to various types of systems necessary for maintaining life and social activities, 
to ensure the ability to provide shelter after the earthquake. In consideration of possible power outages 
for long periods of time when a major earthquake occurs, small solar power generators, household gas 
generators, and batteries for electric tools should be prepared to maintain the operation of indoor 
lighting and basic appliances such as televisions and refrigerators. 

On the other hand, to prevent disasters in cities, specific plans must be made. For example, to 
take precautions against the largest-magnitude earthquake that may occur, consideration should be 
given to the amplification effect of the terrain and the site conditions on ground motion in the 
compilation of an “expected earthquake ground motion hazard map” and a “disaster risk map” that 
shows the risk of existing residences, slopes and roads. On this basis, an “urban construction plan for 
disaster prevention” should be made to clearly point out the direction for urban planning and regional 
disaster prevention planning. In addition to urban spaces such as naturally formed rivers and green 
areas, facilities such as emergency transportation roads, evacuation sites, evacuation paths and 
temporary shelters should be set up such that their functions will not be destroyed even if the seismic 
intensity reaches 6 upper or 7. These facilities should be marked on the planning map as “life spots”. 
These “life spots” should also play a role as fire prevention space in the event of a severe urban fire. 

In the short term, a guide for escape and evacuation should be composed based on the “disaster 
risk map,” and evacuation drills should be performed regularly according to the most unfavorable 
disaster scenarios. For the large number of timber frame houses in residential areas, their seismic 
performance should be improved, and consideration should be given to the impact of weak sites and 
the risk of liquefaction that may occur. For medium- and high-rise buildings on commercial and 
industrial lands, earthquake resistant, seismically isolated, or passively controlled structures should be 
used according to their respective disaster risks to reduce the disaster risk. 

 
(7) Resilient technology of information and communication system and its effective utilization 

1. Earthquake disasters and disaster prevention in a convenient society that relies on information 
system 

In recent years, the cloud computing society has become a reality. Represented by the Internet of 
Things (IoT) and the Internet of Everything (IoE), communication units are installed on various types 
of objects and are connected to the Internet. Using the mutual communication between these units, 
automatic identification, automatic control, and remote monitoring become possible. At present, 
various systems that are closely connected to daily life, such as the medical system, banking system, 
and traffic system, seriously rely on the information system. If the functions of these departments are 
impeded, serious secondary disasters will certainly be triggered. With the advancement of IoT, IoE, 
and other technologies, autonomous cars may become a reality in the near future. How to effectively 
control the autonomous cars when disasters occur is also an issue worth exploring. 

2. Role of information system during a major earthquake and its effective utilization 
During the Great Tohoku earthquake, the use of social media on mobile phones increased sharply 

and played a very significant role in sending out information about the disaster area (Figures 9 and 10). 
Based on this experience and lessons learned, the resilience of the information and communication 
system was quickly strengthened after the earthquake. The first countermeasure was to increase the 
communication bandwidths for the Internet and telephone calls to have some abundancy during 
peacetime, so that the emergency regulation of communication usage need not be performed during a 
disaster. The second countermeasure was to add base stations, equip the base stations with batteries 
that have long endurance times, and set up temporary mobile base stations at the time of the disaster. 
During the disaster, satellite lines should also be used as early as possible. The third countermeasure 
was to extend the standby time of mobile phones and set up an ultra-long emergency standby mode. In 
addition, to ensure power supply, facilities such as temporary shelters should be equipped with 
generators, and individuals should carry chargers or spare mobile phone batteries with them. 
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Figure 9. Maximum rate of regulated 

communication traffic for fixed telephones after 
the Tohoku earthquake 

Figure 10. Maximum rate of regulated 
communication traffic for mobile phones after 

the Tohoku earthquake 
 
3. Use of information technology from peacetime preparation to post-disaster response and 

recovery 
It is difficult for information technology or software prepared especially for disaster prevention to 

effectively play a role when a disaster really occurs if these technologies and software are completely 
unused during the peacetime. The only effective countermeasure should be the use of information 
technology or software that has always been in use in daily life during peacetime, which can be used 
directly as a disaster prevention tool in an emergency situation. In the Tohoku earthquake, the social 
media platforms that were widely used during peacetime are a notable example. 

When making various plans such as the Business Continuity Plan (BCP), the Community 
Continuity Plan (CCP) and the Life Continuity Plan (LCP), practical attention should be given to the 
use of information technology to avoid weak links in information from becoming weak links in 
disaster prevention. For community evacuation training, disaster prevention training and training for 
people who cannot return home, advanced information technology should also be used. In peacetime, 
data mirroring technology should be used to build a data backup system among autonomous 
communities and enterprises. 

4. Use of information technology after disaster occurs 
To prepare for the possible emergence of a large number of people who cannot return home after 

an earthquake, first, portable mobile terminals such as mobile phones should be used to ensure smooth 
communication between family members, relatives, and friends by providing high-quality information 
and communication services. Second, the name list and videos of people who are left behind in 
schools, hospitals, and enterprises should be published online as soon as possible. To deal with the 
difficulty in capturing the post-earthquake disaster situation, drones, robots, and sensing technologies 
should be used to assist in the acquisition of the disaster information. To facilitate a rapid post-
earthquake response, progress in Big Data, data mining and artificial intelligence technology should 
be used in connection with human activities and systems such as buildings, public roads, and railways 
to correctly predict the earthquake damage scenarios that may appear. 

 
(8) Preparation and implementation of emergency response after earthquakes 

Preparedness for a major earthquake includes two parts, that is, the preparation before an 
earthquake occurs and the emergency response after it occurs. Regarding the former, urban 
infrastructure and buildings should be guaranteed to have sufficient seismic performance such that 
they will not be destroyed in the earthquake and can remain operational; this is the hard aspect. 
Sufficient preparation should also be made to guarantee the safety of humans when the earthquake 
occurs; this is the soft aspect. Regarding the latter, soft countermeasures should be mainly used to 
manage the socioeconomic chaos caused by the earthquake, reasonably organize shelters, prevent the 
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occurrence of secondary fires, maintain the operation of lifeline systems, and ensure that people who 
have no way of returning home are able to contact relatives and friends and receive proper 
accommodations. 

Although the enhancement of structural seismic performance is an important subject, it is also 
necessary to comprehensively consider economic indicators and determine appropriate fortification 
targets for different facilities based on their respective importance and the mobility characteristics of 
persons in it. It is exactly for this reason that one should not unrealistically expect the society to be 
completely undamaged in a major earthquake. Instead, one should acknowledge the premise that the 
society may suffer some degree of damage. It will be possible to establish an appropriate cooperation 
mechanism to coordinate the emergency response and recovery efforts so as to minimize the 
socioeconomic losses through the self-help of the disaster victims, the mutual assistance of 
community groups, and the public assistance of the state and autonomous communities when disaster 
occurs. 

To be able to realistically launch post-earthquake emergency responses, all residents, including 
children, the elderly, and disadvantaged groups, should be provided with adequate and localized 
disaster prevention education at schools and in society during the peacetime. An appropriate 
cooperative relationship should be established between public units such as the government, the police, 
and firefighters and non-governmental enterprises, community residents and others during peacetime. 
It is also required to establish necessary information sharing mechanisms and launch corresponding 
training. 

In recent years, a large number of foreigners have resided and lived in the cities of Japan for the 
purpose of tourism, business and study. There are many in this group of people who may know 
nothing about earthquake disasters and have a language barrier that makes communication difficult. 
We should also be prepared to help these people. 

 
[Learning from Experience, International Cooperation, Research & Development and 
Implementation] 

(9) Development and application of new structural seismic technology 

Multiple major earthquakes have occurred in the past 150 years since Meiji. Seismic technology 
has started to develop gradually on the basis of the many lessons learned from earthquake damage. In 
the 1923 Kanto earthquake, buildings of the “rigid structural system” that used rigid beam-column 
joints and controlled the overall deformation of the structure by using shear walls or bracing generally 
performed well, which established the direction for Japan’s earthquake engineering to develop the 
rigid structure. In contrast is the idea of a “flexible structural system”, which prefers structures whose 
fundamental period is away from the predominant periods of earthquake ground motions and have 
sufficient deformability. This idea provided a theoretical basis for achieving tall buildings in areas of 
high seismicity. For low-rise buildings, the use of seismic isolation technology can also achieve a 
flexible structural system. Subsequently, a passively controlled structure that is able to effectively 
control the structural seismic response is also proposed. Based on experiences learned from the 1995 
Kobe earthquake, seismic isolation and passive control technologies have received broad applications. 

The 2011 Tohoku earthquake evolved into a complicated combined disaster that included 
earthquakes, tsunamis, and man-made accidents, which made people begin to realize the importance 
of responding to a huge disaster that exceeded expectations and put forward the concept of “crisis 
resistance;” that is, the ability of a single building or a building complex to not be completely 
destroyed under an external action that exceeded the prescribed design standards. To achieve this 
target, it is necessary to research and develop new structural technologies. The passive thinking that 
focuses only on the collapse prevention of the infrastructure and buildings at the time of a disaster 
begins to turn into an active thinking that requires the infrastructure and buildings to maintain their 
functions. The current seismic design uses the plastic deformation of a structure to resist seismic 
action. As part of the seismic performance of the structure under a major earthquake, this is actually a 
“technology that allows structural damage.” In the future, new technologies need to be developed to 
enable “pre-defined damage and quick repairs.” In addition, it is also necessary to research and 
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develop new technologies to make structures safe even under the action of ground motions that 
exceeded the fortification levels. For multi-story and tall buildings, the construction costs of the 
structure account for approximately 25% to 30% of the total construction costs. The use of seismic 
isolation or seismic reduction technology is able to achieve higher seismic performance at basically 
the same or only approximately 3% higher construction costs. Researchers and engineers should 
continuously accumulate experience, develop new seismic technologies that make the structure have 
higher performance, and push for the application of new technologies to lay a foundation for a 
resilient society. 

 
(10)  Learning from domestic and foreign earthquake disasters and launch of international 

cooperation and knowledge sharing 

Since the beginning of the 21st century, large-scale earthquake disasters have occurred in various 
places in Japan, such as Fukuoka, Nakagoe, Nakagoe-oki, Tohoku, Kumamoto and Tottori. Even areas 
that have not had an earthquake for a very long time may suffer a surprising earthquake attack. It must 
be said that there is no place in Japan with a low earthquake hazard. A series of large-scale earthquake 
disasters have occurred around the world in succession: the 2004 Sumatra earthquake, the 2008 
Wenchuan earthquake, the 2010 Haiti earthquake, the 2015 Nepal earthquake, the 2016 Tainan 
earthquake, and the 2016 Central Italy earthquake. The basic organization of the urban areas, the 
construction methods of civil and building structures, and the setup of traffic and communication 
systems in cities around the world are similar to each other. The disasters that occur in other countries 
and regions are not only the affairs of others but also important lessons for disaster prevention in our 
own cities. Even people in areas that have not suffered a major earthquake for a long time should 
strive to prevent the disaster of others from replaying in his own city. 

We can learn from many valuable overseas experiences in preparing for earthquake disasters. In 
particular, from the perspective of urban earthquake disasters, the damage to Christchurch—the 
second largest city in New Zealand—caused by the earthquake sequence from 2010 to 2011 is a very 
important case. New Zealand is one of the leading countries for earthquake engineering in the world. 
There were many beautiful high-rise buildings at the city center of Christchurch, but most of them 
tilted beyond the allowable limits during the earthquake and had to be demolished. After the 
earthquake, neither the glass nor the structure in the buildings were destroyed, indicating very good 
seismic performance. However, these new buildings were not built with pile foundations. This 
decision making was based on the latest academic viewpoint that the rocking of buildings on the 
ground under intense ground motion would help dissipate the earthquake energy and therefore 
mitigate the shaking of the buildings themselves. Although the energy dissipation brought by the 
rocking behavior was confirmed by experiments, the premise was that the site soil must be hard. 
However, in the actual earthquake disaster, the buildings were located on the alluvial plain of rivers 
and the site soil was weak. When rocking occurred, the building tilted toward one side and produced a 
large residual displacement. This might have been due to the plastic deformation of the soil at the site, 
or it might have been the result of soil liquefaction. In either case, the foundation design was 
inadequate, although the seismic performance of the superstructure of this building was very good. 

This example raised a warning for today’s highly developed and continuously subdivided 
technology, in which the knowledge sharing between different professions lacks an overall perspective. 
Five years after the earthquake occurred, the city center of Christchurch remained a piece of vacant 
land, and high-rise buildings had not yet been reconstructed (as of March 2016). Out of introspection 
of the problems that emerged in the high-rise buildings, many people began to prefer low-rise 
buildings that do not easily rock during an earthquake. 

In the major earthquake disaster that Japan experienced in 2011, the new structures constructed 
after the 1995 Kobe earthquake did not exhibit significant structural damage due to the ground 
shaking. However, there are still many major issues. For example, earthquake disasters are still 
threatening facilities (liquefaction of residential foundations, river banks and lifeline systems) that 
have not been seismically retrofitted because of the high costs. Problems still exist in ensuring the 
safety of human settlements, dealing with complicated disasters under the combined actions of 
earthquakes and rainstorms, and achieving continuous operation of urban functions. We should 
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enhance the sharing of worldwide experience related to earthquake disasters, including such negative 
lessons. 

 
 

(11) Taking actions from a multidisciplinary perspective 

Many different disciplines are involved in disaster prevention/mitigation and recovery, including 
studies on earthquakes, tsunamis, volcanoes, active faults, geophysics, meteorology, sites, civil 
engineering, architecture, earthquake engineering, wind engineering, mechanical engineering, 
hydraulic engineering, fire disasters, disaster prevention planning, disaster prevention education, 
emergency rescue, nursing, environmental sanitation, urban planning, rural planning, forestry, 
oceanography, geography, economics, information, energy, history, politics and psychology. 

As the disciplines in academic fields become more and more subdivided, the blind trust in other 
disciplines is becoming an increasingly common situation because of the lack of knowledge in the 
activities and progress of other disciplines. Important discussions are often limited to within a single 
professional field. The research results and the responsibilities for taking actions are also limited to 
within each discipline, and the ability to comprehensively consider a problem from every aspect has 
become weaker. When making disaster prevention and mitigation policies, one should not be limited 
to a single scientific field but rather should comprehensively consider different fields, such as the 
humanities, sociology, economics, and medical treatment, stepping over the boundaries of disciplines 
[3][10]. To this end, information sharing and exchange between different professions should be 
vigorously promoted during peacetime to solve problems on an overall level. 

 
7. Conclusion 

This document summarized and explained the proposal of “Shape Cities and Societies Safer 
against Severe Earthquakes.” Hopefully, it is possible to realize cities where major earthquake 
disasters will not occur by persisting in continuous efforts through individual and family self-help, 
mutual assistance between community residents and enterprises, and public assistance from 
municipalities, prefectures, and even the nation. The most basic and important thing is to not take 
actions only when a major earthquake occurs. A safe and secure society should be built through efforts 
in peacetime, bit by bit, to enable the normal operation of daily life and social activities as much as 
possible after an earthquake occurs. 
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