
 
 

 
                                  

2026 1 6  

 
 215506  

 

 
 
 
   

 
( ) 

  

 

 ( 1,200 ) 

 
2

 
3

IDA
 

4 2016
IDA

IDA KiK-net
IDA 1 IDA

RC

 
5

 
6  



 
 

 
 

  Date of Submission month day year : January 6, 2026 

Department of Architecture and 

Civil Engineering 
Student ID Number D215506 

 

Supervisors 

Taiki SAITO 
Shoji NAKAZAWA 
Tomoya MATSUI Applicant’s name Sho Yokoya 

 
Abstract Doctor  

Title of Thesis 
Study on Estimating the Distribution of Building Damage and Road Blockage Caused by 

Earthquakes Using Basic Survey of City Planning 

 

Approx. 800 words 

Earthquake damage estimation is important as a means for predicting anticipated damage and 
understanding the situation immediately after a disaster occurs. Fragility curves used for pre-disaster and 
real-time earthquake damage estimation offer convenient applicability. However, they are limited to 
calculating the number of damaged buildings within a specific area and cannot determine the damage state 
of individual buildings. Estimating the damage status for each building and visualizing it on a map could 
lead to more specific preparatory measures and decision-making. This thesis examines the estimation of 
earthquake damage to buildings using basic survey of city planning data compiled by local governments, 
which contains information on the structural type and construction year for each building. The proposed 
method was designed to be applicable for both pre-disaster damage estimation and real-time earthquake 
damage estimation immediately after a disaster. its verification using actual damage data and its potential 
use for pre-disaster estimation are examined in this thesis. 

Chapter 2 analyzed the characteristics of the basic survey of city planning using data from Toyohashi 
City, Aichi Prefecture as an example. First, the characteristics of buildings within the Basic survey of city 
planning by comparing the basic survey of city planning and the summary report of fixed assets. 
Furthermore, the building data based on the city’s average and the building data based on individual 
information are created from the basic survey of city planning. This chapter shows the differences 
between the damage estimation results for the assumed Nankai Trough earthquake using these two sets of 
building data. 

Chapter 3 outlined the overall flow of the damage estimation methodology proposed in this thesis, 
including the estimation method for maximum ground motion velocity distribution using kriging, building 
analysis modeling, calculation of incremental dynamic analysis curves and damage probability curves, and 
the correlation between inter-story drift angle and damage state.  

Chapter 4 verified the validity of a damage estimation method using incremental dynamic analysis 
curves, based on comprehensive survey data from Mashiki Town, which suffered extensive damage during 
the 2016 Kumamoto Earthquake. That method is assumed to be used on real-time earthquake damage 
estimation. This chapter calculated three IDA curves: one statistically processed from past seismic wave 
groups, one derived from surface observation record at KiK-net observation points, and one derived from 
observation records on the first floor of the Mashiki Town Hall, for wooden buildings and verified the 
input curve with the highest damage estimation accuracy by estimated the distribution of building damage 
from these curves. Next, this chapter estimated damage distribution for wooden, reinforced concrete and 
steel structures, and verified the estimation accuracy for the entire target area. Finally, this chapter 
estimated road blockage based on the estimated building damage distribution and verified the validity of 
the estimation result by comparing it with aerial photographs taken immediately after the disaster. 

Chapter 5 utilized the basic survey of city planning to predict building damage and road blockage in 
Toyohashi City due to the Nankai Trough earthquake, with the intension of using these estimates for 
preemptive damage assessment. First, this chapter determined the damage probability distribution for the 
complete collapse level deformations of each building using damage probability curves derived from 
previously observed seismic wave groups, thereby identifying damage tendencies. Furthermore, damage 
estimates were calculated for each mesh unit based on these results, and the overall damage situation was 
also assessed. Finally, this chapter estimated the distribution of road blockages and clarified their trends 
and correspondence with emergency transport routes. 
   Chapter 6 summarizes the findings obtained in this study. 

  


