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1. Outline of Studies and Activities 
 (1) Actions that the NILIM has taken in response to the 2011 Great 

East Japan Earthquake 
Immediately after the onset of the 2011 Great East Japan Earthquake, the 

National Institute for Land and Infrastructure Management (NILIM), in 
cooperation and collaboration with the Public Works Research Institute 
(PWRI), Building Research Institute (BRI), and Port and Airport Research 
Institute (PARI), dispatched a total of 262 staff members (592 man-days) 
to the disaster sites as the Technical Emergency Control Force (TEC-
Force) to provide technical support for emergency responses. In addition to 
the dispatch as the TEC-Force, the NILIM conducted a voluntary survey 
of damage in the affected areas.                      

In January 2013, the NILIM compiled the series of disaster responses 
and the direction of research into new issues that emerged from the disaster experience and published them as Initiatives of the 
National Institute for Land and Infrastructure Management in Response to the 2011 Great East Japan Earthquake - Record of 
Activities in Emergency Response and Technical Assistance for Restoration and Recovery - The NILIM Report No. 52. 

Since then, the NILIM has reflected the results of surveys and research initiated in response to the 2011 Great East Japan Earthquake 
in fieldwork and policies. These activities have been published in the 
form of research materials, papers, etc. Still, we believe that it is also 
meaningful to present a systematic overview of the entire research that 
the NILIM has taken a leading role in conducting in response to the 2011 
Great East Japan Earthquake. We thus published A Complete Record of 
the Five-year Research Conducted by the National Institute for Land and 
Infrastructure Management in Response to the 2011 Great East Japan 
Earthquake, the NILIM Research Report No. 57, in September 2016. 

 (2) Overall picture of the research 
Figure 1 is a bird's-eye view diagram, which shows the development 

and relationship of the survey and research by extracting main items, 
categorizing the activities, and connecting them with arrows and lines. 
Figure 2 shows the concept of creating the diagram. 

Figure 1 shows how various fields of investigation and research were 
developed from left to right, starting from the analysis of understanding 
earthquake motion at the upper left end and understanding tsunami attack 
at the lower left end. When viewed vertically, the diagram shows the 
sequence of fields. Roughly, from top to bottom. 

- Landslides, dams, road structures, river structures (mainly levees), residential land, various buildings <damaged mainly by 
earthquake motion> 

- Sewerage facilities, damage to urban areas in general, providing housing for disaster victims, airports, port facilities (including 
breakwaters), drifting debris, port-related logistics <damaged by earthquake motion and tsunami> 

- Parks and green areas, coastal protection facilities (types that cover embankment, seawalls, revetments), landscapes and historic 
urban areas, etc. <mainly damaged by tsunami> 

A series of research studies covered the above areas. 
Figure 3 shows the typical pattern of relationships identified in the development of the categorized research activities in Figure 1. In 

the series of research activities, the diagram starts with understanding and analyzing the events that caused the earthquake disasters. 
The results of this study are then summarized as assessing the actual damage, analysis, mechanism study / data archiving. Based on the 

Surveys and Research Conducted by the NILIM in the 
Wake of the 2011 Great East Japan Earthquake 

 
Figure 2 Concept of creating an overall bird's-
eye view diagram 

 
Photo 1 Structures and buildings surveyed for 
damage 
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Figure 3 Typical patterns of category development in research implementation 

knowledge obtained from this research, the research led to the development of hazard prediction and hazard evaluation methods and 
external force setting methods and standards to estimate damages and external forces expected in the future. It was also expanded to 
developing design standards for structures and development of new construction methods and techniques to prevent and reduce 
damage through proactive technical responses to estimated external forces. In addition, in order to contribute to early post-disaster 
recovery and reconstruction, research and studies are being developed toward the establishment of procedures, plans, and frames for 
recovery and reconstruction. The star () mark, which indicates that research results have been explicitly reflected in such measures 
as technical standards and guidelines, is frequently found at the exit part of the routine development above. This indicates that the 
research has been developed, and many research results became available for implementation. In addition, although the above trend 
was not clearly recognized, we also engaged in research that can be categorized into understanding the actual conditions of emergency 
response, recovery, and restoration, disaster recognition methods, and disaster response management methods that lead to the spread 
of disaster prevention and mitigation. 

 
 
 
 
 
 
 
 

  
 
 
 
 
(3) Specific examples of research results 

Among the research items shown in Figure 1, this paper discusses the following items: 

① Improvement of the method of setting the rainfall standard for issuing landslide warnings and evacuation orders after an 
earthquake 

 Research on establishing provisional standards for post-earthquake landslide warning information (See “Landslide Disaster Warning 
Information and the Development of Technology to Support the Policy Implementation” on page 86.) 

② Development of technologies and the provision of tools to support the restoration and recovery of liquefaction-damaged areas 
(urban areas) → 

  Development of a simplified evaluation sheet for the effectiveness of the lattice underground wall construction method (See 
"Measures against Liquefaction of Residential Lots" on page 50.) 

③ Study of the improvement of earthquake resistance for sewer pipelines → Reflected in "Sewerage Facility Earthquake Resistance 
Guideline and its Descriptions” 
(See "Investigation of Sewerage Facility Disasters and Improvement of Countermeasures" on page 22.) 

④ Proposal for a resilient coastal embankment structure (a type that covers embankment) → 
  Research on seawalls that are resilient against tsunami (See "Research on comprehensive tsunami countermeasures combining 

tangible and intangible measures" on page 30.) 

⑤ Study of structural requirements for tsunami evacuation buildings → 
  Structural design method for tsunami evacuation buildings (See "Ensuring Safety and Security of Building Structures" on page 44.) 

 

2. List of related reports and technical documents 

1) Research Report of NILIM No. 52: Emergency Responses and Engineering Contributions by NILIM for the Recovery from the 2011 
Great East Japan Earthquake - January 2013 http://www.nilim.go.jp/lab/bcg/siryou/rpn/rpn0052.htm 

2) Research Report of NILIM No. 57: Compilation of Research Results over 5 years (FY2011-2015) by NILIM to Contribute Toward 
Reconstruction Following the Great East Japan Earthquake 

September 2016 http://www.nilim.go.jp/lab/bcg/siryou/rpn/rpn0057.htm
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Understanding landslide damage caused by earthquake 
motion 

Evaluation and confirmation of the stability of dam facilities 
after an earthquake 

Understanding damage to road structures caused by earthquake motion 
Assessment and analysis of effects and damages of liquefaction (on 
pavement and bridge piers) 

Understanding characteristics of damages to river levees caused by 
earthquake motions 

Understanding damage to the ground and foundation of 
residential land caused by earthquake motions 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Understanding and analysis of damage to reinforced 
concrete, steel-framed, wooden, and seismically 
isolated buildings caused by earthquake motion 

Questionnaire survey of managers 
and occupants of high-rise office 
buildings 

Understanding and analysis of damage caused by earthquake motion 
to nonstructural members of buildings 

Understanding the situation of fires in buildings: fires caused by 
earthquake or tsunami 

Understanding damage to fire protection measures and equipment in 
buildings to control fire caused by earthquake motion 

Summary of damage to sewer facilities (tsunami damage 
at coastal treatment plants, damage to pipelines due to 
liquefaction, damage caused by tsunami run-up in 
pipelines), confirmation of the effectiveness of measures 
to prevent liquefaction in pipelines 

Summary of damage to buildings, housing, 
and urban areas in general: application of 
disaster-related laws, human casualties, 
evacuation, housing damage, number of 
fires, building emergency risk assessments, 
lifeline damage, and being trapped in an 
elevator 

Summary of damage to urban areas caused by 
tsunami: Inundation depth, flat distribution of total 
destructions in rates, the relationship between 
these two / Availability of elementary and junior 
high schools, hospitals, and welfare facilities for 
the elderly in the inundation area / Population 
distribution, aging rate, and employment structure 

Analysis of airport functions required for 
emergency response in the initial stages of 
a disaster 

Understanding damage to essential facilities 
at Sendai Airport and confirmation of 
effectiveness of liquefaction control measures 

Identificati
on of 
overall 
damage in 
the port 
area 

Organization of technical information on 
damage to and restoration of port facilities 
(including original design drawings, 
restoration cross-sections, etc.) 

Study of earthquake resistant design of 
port facilities and method to estimate 
earthquake damage 

Understanding damage and recovery of industries and logistics in 
port cities 

Understanding the impact of the 2011 Great East Japan 
Earthquake on marine transportation logistics 

Ways to use earthquake risk management 
to improve earthquake response 
capabilities in airports 

Understanding and analyzing earthquake motion 
- Collection and characterization of information on earthquake 
motion in general 
- Analysis of strong-motion earthquake observation records (civil 
engineering structures, buildings, surrounding ground, 
underground) 
- Building behavior, high-rise buildings during earthquake  
Response Analysis 
- Characteristic analysis of earthquake motions observed at a dam 

Input to the preparation of "Technical Guidelines for the Development 
of Parks and Green Spaces for Reconstruction following the 2011 
Great East Japan Earthquake”★ 

Analysis of factors causing damage to coastal protection facilities 
(seawalls that cover embankment) → Understanding factors that 
led to the failure and the degree of damage 

Dataset of damages to coastal protection facilities (type of seawalls that covers embankment) 

Study of structural requirements for tsunami evacuation buildings, rationalization of tsunami load 
setting → Establishment of various standards★ 

Understanding characteristics of river and land tsunami run-up through experiments, analysis, 
and field data analysis 

Study of port planning criteria for the 
development of waters that require 
evacuation in the event of a tsunami 

Understanding the status of cargo containers drifting from 
ports in tsunamis 

Understanding and analyzing the actual damage in parks, green 
areas, and coastal forests, the causes of the damage, and the 
effectiveness of damage mitigation performance 

Understanding damage to coastal protection 
facilities (embankment covering type) and large-
scale coastal terrain changes that would result 
from the complete destruction of the protection 
facilities 

Understanding damages to reinforced concrete, steel, 
and wooden buildings caused by tsunami, and analysis 
of bearing capacity and tsunami load 

Understanding characteristics 
of damage to river levees 
caused by tsunami run-up 

Understanding situations of tsunami  
- Collection and organization of data on 
propagation from the epicenter to the coast 
- Understanding conditions of how the 
tsunami arrives and enters the land and 
runs up rivers through surveys of traces 

Proposals for emergency measures, emergency and main restoration of 
damaged sewage facilities → Concept for treatment and discharge of 
sewage in the event of a disaster (draft)★. 

Proposals for concepts of earthquake proofing for pipeline facilities, tsunami resistance 
measures for pipelines and treatment/pumping stations, and design of sewerage 
facilities to improve resilience against tsunami★ 

Study of improving post-earthquake fire response in high-rise buildings 

Study of technical standards related to measures against falling ceilings and measures to prevent falling elevators and escalators → Notification related to the Building Standards Act★ 

Study of countermeasures against long-period ground motion in buildings → 
"Proposed countermeasures against long-period ground motion caused by a 
massive earthquake along the Nankai Trough to prevent damage to high-rise 
buildings etc." (Housing Bureau, Dec. 2015, opinions called for) ★ 

Study of pavement structure to prevent liquefaction 

Study of a method for setting large-scale earthquake motion related to dams → 2011 Proposal of dam 
attenuation relations★ 

Study of design earthquake motion assuming a plate 
boundary earthquake → Revision of Level 2 earthquake 
motion etc. in road bridge specifications★ 

Reflected in the revision of the substructure edition and 
earthquake resistant design edition of the road bridge 
specifications★ 

Development of technologies and provision of tools 
to support restoration and recovery of liquefaction-
damaged areas (urban areas) → Issuance of various 
guidelines jointly with City Bureau (Groundwater 
lowering method, underground lattice-like wall 
construction method)★ 

Residential area liquefaction mapping support software 

Understanding damage to coastal protection 
facilities (seawalls, revetments), malfunction 
of flap gates, floodwalls, etc., and impact of 
collisions with drifting debris  

Understanding the characteristics of tsunami acting on road bridges: 
estimation of tsunami external forces and understanding of external 
force characteristics that lead to the loss of superstructures 

Analysis of damage characteristics 
and factors of damage to coastal 
protection facilities (seawalls) 

Collection and 
analysis of damages 
to road bridges 
caused by tsunami 

Study on improvement of earthquake resistance for sewer 
pipelines → 2014 edition of "Sewerage Facility Earthquake 
Resistance Guideline and its Descriptions”★ 

Study of common technologies to control liquefaction (validity 
of judgment method, applicability of analysis methods) → 
Liquefaction Control Technology Review Meeting 

Development of liquefaction judgment method for residential ground →  Reflected in the 
housing performance indication system★ 

Study on how to deal with sewage sludge containing radioactive materials 

Collection and organization 
of emergency restoration 
status of sewerage facilities 

Understanding the effectiveness of phased emergency 
restoration measures for sewerage facilities 

Understanding the actual situation of providing 
housing for disaster victims 

Summary of actually 
implemented building 
restrictions in 
reconstruction efforts 

Understanding the actual efforts to supply temporary 
housing etc., for emergency uses and the 
organization of supply frames 

 

Working on a guideline for planning and designing disaster 
prevention parks (draft) → Revised version published in 
September 2015★ 

Estimated disaster mitigation effect of delayed 
failure of coastal protection facilities (seawalls 
that cover embankment) 

 Proposal for a resilient seawall structure (a type that covers 
embankment) → Restoration methods for damaged areas, positioned 
in the revision of the Seacoast Act 

Reflected in the revision of the earthquake resistant design 
edition of the road bridge specifications (for regional disaster 
management plans, etc.)★ 

Proposal for tsunami resistant design of port facilities (breakwaters), and for making them more resilient 
→ Reflected in the guidelines for tsunami resistant design of breakwaters (September 2013 and 
December 2015)★ 

Study of tsunami resistant design of coastal protection facilities (seawalls) 

Development of a tsunami resistance design 
method that takes into account of exterior 
wall material fall-off 

Study of technical standards for specific development activities: Evaluation methods for tsunami safety of buildings, embankments, and cuttings★ 

- Study of management methods for buried debris using information-based construction 
technology 
- Study of disaster recovery support using 3D CAD data 
- Study of technology to monitor bridge deformation using 3D design data 

Development of a method for creating 3D data 
of the pre-disaster landscapes 

Analysis of the restoration process of damaged historic 
cities 

Study of restoration methods for the natural environment in 
damaged port areas 

Understanding changes in vegetation and the physical environment in the brackish waters of 
the Kitakami River caused by the earthquake and tsunami 

Macro and rapid method to identify sewer 
pipeline damage focusing on post-
earthquake changes in unidentified water 
volume 

Development of a method for estimating damage to sewer 
pipelines caused by large earthquakes → Establishment of a 
rapid and appropriate emergency support system 

Analysis of the availability of emergency housing, move-
out and eviction status, occupancy history, actual status of 
residence, and trend of home reconstruction 

Collection and organization of case studies of supply plans for 
public housing for disaster victims 

Analysis of the role of public housing for disaster victims in the development of 
communities during reconstruction: Efforts to bring people to live in the community 
and provide necessary functions for the community 

On-site survey on types of systems that local small-scale housing producers 
formed to repair and renovate damaged houses and constructed temporary 
housing, etc. (mainly in Iwate) 

Development of real-time areal tsunami detection technology using oceanic radar 

Development of evaluation method for evacuation safety using 
tsunami evacuation simulation, and study of planning method for 
urban development to ensure smooth tsunami evacuation 

Study of tsunami damage mitigation measures utilizing natural 
and local infrastructure

Improvement of method for evaluating the risk of slope failure 
caused by earthquakes 

Improvement of the method of setting 
the rainfall standard for issuing 
landslide warning and evacuation 
order after an earthquake★ 

Development of a method for early and 
wide-area understanding of the occurrence 
of landslides caused by earthquakes 

Development of a system to automatically 
identify road bridge obstructions during 
earthquakes using sensors 

Development of technology for immediate estimation 
of infrastructure damage caused by a large-scale, 
wide-area earthquake → Immediate understanding 
and sharing of an estimated scale of a disaster, 
providing support for on-site response 

Development of a method for extracting priority routes and 
sections for reopening roads 

Study of a method for predicting the amount of debris generated 
on roads in the event of an earthquake 

Understanding the relationship between the progress of road reopening and the 
supply of goods to evacuation shelters 

Development of a method to study crisis 
management measures for serious disasters that 
occur in low frequency 

Study of how to cope with earthquake-induced 
damage to river levees and flooding occurring at 
the same time → Basic knowledge for coping with 
complex disasters 

Study of the use of information technology in 
disaster response management 
- Identification of actual road traffic sections and 
section travel times 
- Distribution of cautionary information to 
vehicles in disaster risk areas. 

 

Identification and analysis of support activities provided by 
local construction industries in the wake of the 2011 Great 
East Japan Earthquake 

Collection and organization of records of road 
administrators' response to the 2011 Great East 
Japan Earthquake 

Analysis of whether disaster prevention bases 
retained or lost their functions in areas affected 
by the 2011 Great East Japan Earthquake 

Study of methods to ensure the redundancy of 
the function of disaster prevention bases in the 
event of a large-scale disaster 

Development of a 
tsunami inundation 
area search 
system according 
to tsunami height 
forecast 

Study of the setup of external forces that tsunami causes and affects tsunami-resistant community development → 
Establishment of various standards★ 
→ Method of setting the design tsunami water level 
→ Guideline on expected tsunami inundation depth 
→ Methods for establishing a reference water level for determining the impact on buildings and their use 

Matters related to the Act on the Development of 
Tsunami-Resistant Areas 

Understanding and analyzing the events 
that caused earthquake disasters 

Understanding actual damage, 
analysis, mechanism study / data 
archive 

Understanding actual situations of emergency 
response, recovery, and reconstruction 

Methods for predicting hazardous events 
and assessing risk levels 

Method and criteria for 
setting external forces 

Design criteria for 
structures 

Development of new 
construction methods and 
techniques 

Procedures, plans, and frames for 
restoration and reconstruction 

Disaster recognition 
method 

Disaster response management method 
Understanding actual situations of emergency 
response, recovery, and reconstruction 

★…Ones that are reflected in technical standards, guidelines, and 
other measures 

Figure 1 Development of categorized research activities 

Multi-
layered 
Protection 

Legend of categories of research items 


