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ABSTRACT 

Securing the accessibility of emergency vehicles using specific emergency transportation road (SETR) is crucial 
for the rapid activities of emergency vehicles after a large earthquake. In this paper, we construct a simulation 
model that describes collapse of roadside buildings and following street blockages, and evaluate the accessibility 
of emergency vehicles. Performing the simulations, we demonstrate the effects of quake-resistant-conversion of 
roadside buildings as follows: (1) the accessibility of emergency vehicles using SETR is not good enough under 
the current situation, but (2) can be significantly improved by performing seismic retrofit of buildings according 
to seismic index of building structure. 
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INTRODUCTION 

Research background 

Building collapses and other damage during a major earthquake may result in street blockages that make it 
impossible for emergency vehicles to travel to areas where they are urgently needed. Indeed, numerous main 
thoroughfares were blocked by the collapse of roadside buildings after the 1995 Hyogo-ken-Nanbu Earthquake, 
and this posed immense difficulties not only for access by emergency vehicles but also for the transport of 
emergency relief supplies and the post-quake processes of restoring and rebuilding (Cabinet Office Japan, 2019). 
Because of this, many local public organizations are examining new policies to ensure the functionality of 
infrastructure (measures to maintain functionality) essential for evacuation, rescue and firefighting activities, 
transport of emergency supplies, and recovery and rehabilitation activities (Mihara, 2013; Sato, 2015). These 
would, for example, involve designating as emergency transportation roads certain thoroughfares that would be 
the lifelines for rescue activities after a major earthquake, and promoting the seismic retrofitting of buildings 
adjoining the emergency transportation roads.  

The Tokyo Metropolitan Government was quick to enact ordinances promoting seismic retrofitting of such 
buildings (Tokyo Metropolitan Government, 2019). Those ordinances also identified certain roadways where 
seismic retrofitting is particularly needful; of the approximately 2,000 km of emergency transportation roads in 
Tokyo, these accounted for about 1,000 km, and are called “specific emergency transportation roads” (SETR). 
The remainder are “general emergency transportation roads” (GETR). The owners and managers of the buildings 
at high risk of blocking these roads (priority roadside buildings) are required to report the current state of their 
structures, in terms of a seismic resistance diagnosis or a progress report on a seismic retrofit (Tokyo Metropolitan 
Government, 2016). The Tokyo Metropolis is also pressing for seismic retrofits of priority roadside buildings 
found to be particularly vulnerable to earthquakes. 
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In order to consider measures aimed at maintaining SETR functionality, it is necessary to have a good 
understanding of those functions and the actual seismic resistance of the priority roadside buildings. In other 
words, it is necessary to examine the current SETR conditions and determine how extensive a seismic retrofitting 
program needs to be. The question then arises, when one considers the functionality of the SETR comprehensively, 
from what viewpoints one can make quantitative assessments of that functionality. This report examines the 
degree of possibility for a street user in the Tokyo Metropolis to reach his/her destination, and the likely efficiency 
(actual distance traveled to reach the destination) in doing so. Herein, an index of accessibility is defined from the 
above factors and then used to assess SETR functionality. 

Relevant previous research 

Various studies have addressed how to evaluate accessibility via an urban roadway network under the material 
damage caused by a disaster. For example, Wahid Uddin et al. (2016) analyzed the possibilities for traveling 
between prefectural and municipal administrative offices on emergency transportation roads after flooding caused 
by a major earthquake while taking into consideration street blockages due both to flooding and collapsed 
buildings. In another study, Osawa et al. (2017) reported an evaluation procedure they had established to analyze 
vulnerable regions that considered roadway closures caused by collapsed buildings, bridge damage, and collapsed 
hillsides and excavated areas after a severe earthquake, and then applied this procedure to emergency 
transportation roads. Meanwhile, Kondo et al. (2010) proposed new indices for evaluating roadway networks that 
considered the risks of roadway closure and the number of services still potentially available in neighboring 
municipalities used it to assess the access to medical facilities via the roadway network. Also many studies 
focusing on regions outside Japan have been carried out. Adafer and Bensaibi (2016) developed a seismic 
vulnerability assessment method for roads using a methodology that is based on determination of a numerical 
indicator called Vulnerability Index (VI). Chen and Li (2017) developed a network-based model to evaluate 
vulnerability during a no-notice evacuation and applies it to a case study in Dublin. Jun-qiang et al. (2017) 
developed a method for road network vulnerability analysis, by defining the traffic utility index and modeling 
vulnerability of road segment, route, OD (Origin Destination) pair and road network. They showed that their 
approach could be used as a decision-supporting tool for evaluating the performance of road network and 
identifying critical infrastructures in transportation planning and management, especially in the resource 
allocation for mitigation and recovery. Caiado et al. (2012) proposed a methodology focusing on strengthening 
urban network resiliency in seismic scenarios based on three main dimensions: i) network connectivity; ii) land 
use, and; iii) specific transportation demand patterns. These studies partially overlapped our research interests and 
provide useful ideas and indices for assessing accessibility. 

Other studies present investigations of ways to carry through seismic retrofitting of roadway networks. For 
example, Nagae et al. (2012) formulated an optimization problem in strategies for seismic retrofits of roadway 
networks. They identified a seismic retrofitting strategy that minimizes the social cost (defined as the sum of the 
wait time due to the benefit of inconvenience) which is increased by a disaster, and the costs associated with 
seismic retrofitting. Kita and Kondo (2013) used game theory to propose a procedure for setting priorities among 
seismic reinforcements of roadway structures, such that both the utility due to improvements in the seismic 
performance level of roadway structures and the overall utility of the roadway network are simultaneously 
maximized. Easley and Kleinberg (2010) also developed models for network traffic using the game-theoretic 
ideas, and discovered an interesting result. Meanwhile, Minami et al. (1997) proposed a method for roadway 
maintenance planning that minimizes the functional degradation of transportation after a disaster, with the object 
of ensuring transportation routes to city facilities that can be used as bases for post-disaster activities. 

These studies are of compelling interest as they present excellent research into seismic retrofitting of roadway 
structures, but they do not provide any discussion concerning roadside buildings themselves. A counterexample 
is Nakazato et al.’s examination of buildings adjoining the emergency transportation roads that focuses on the 
actual building structures and the widths of the streets they faced (Nakazato et al., 2014). Their study is based on 
site surveys, local environmental conditions, and hazard maps. They suggested areas and buildings having the 
highest priority for seismic retrofitting. However, they went no further than qualitative assessments and did not 
quantitatively evaluate the influence of roadside building seismic retrofits on accessibility to the emergency 
transportation roads. 

Object of this study 

In this study, we have constructed a roadway blockage model that incorporates building collapses after a major 
earthquake and the resulting roadway closures. Then, based on this, we provided an emergency vehicle movement 
model that describes the movements of emergency vehicles through the Tokyo Metropolis. These were then 
combined to establish an emergency vehicle simulation model that describes the spatial movements of emergency 
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vehicles on emergency transportation roads. This simulation model was then employed to evaluate accessibility 
to large-scale rescue activity bases (LSRAB) in Tokyo for emergency vehicles traveling via the SETR from 
prefectures neighboring Tokyo (Tokyo Disaster Prevention Conference, 2019). The authors also made a 
quantitative evaluation of accessibility improvements resulting from seismic retrofitting of roadside buildings. 

Material damage of numerous types, in addition to collapsed buildings, can be expected from a major earthquake. 
For example, overpasses and bridges can also be expected to fall, soil will liquefy, roadways will crack, and light 
poles will topple. We must also consider the consequences of traffic jams. However, in order to keep the focus of 
this discussion on the benefits of the seismic retrofitting of roadside buildings, this study only examined roadway 
blockage caused by collapsed roadside buildings. 

EMERGENCY VEHICLE SIMULATION MODEL 

Roadway Blockage Model 

Figure 1 shows an overview of the simulation model describing the spatial movements of the emergency vehicles 
on the emergency transportation roads. This model is composed of the roadway blockage model and the 
emergency vehicle movement model described below. 

The Is value is an indicator expressing the seismic index of a structure. A damage rate curve for reinforced concrete 
(RC) structures was based on actual damage data from the 1995 Hyogo-ken-Nanbu Earthquake. The Is value for 
each building and this curve were used to estimate the probability of collapses, and the collapse or survival of 
each building along any given link (street) was determined using uniform random numbers (Hayashi et al., 2000; 
Inoue and Youcef, 2008) (Fig. 2(a)). To be on the safe side in these estimates, it was assumed that a building 
would always collapse into the street it faced. The effective width of the link in front of the collapsing building 
was calculated while considering the collapse situation (Fig. 2(b)). Generally, if the effective width is at least 4 
m, most emergency vehicles can be expected to get through. However, since scattered rubble and other obstacles 
may be present, in this estimate, an effective width of at least 6 m was required in order to define the link as 
passable (links left narrower than 6 m were defined as impassible). 

 

 

 

Figure 1. Overview of the simulation model describing the spatial movements of the emergency vehicles on the 
emergency transportation roads 
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Emergency Vehicle Movement Model 

The movements of emergency vehicles to LSRAB from anticipated points of entry (entrances) at the border of the 
Tokyo Metropolis (Tokyo Inland Earthquake Road Obstacle Elimination Plan Study Committee, 2019) were 
modeled. In order to minimize travel interruptions during emergency activities, it is critical to obtain timely and 
accurate information about the locations of blocked streets (Osaragi et al, 2015; Osaragi and Oki, 2017). The 
discussion in this study focuses on the effectiveness of promoting seismic retrofits on roadside buildings. However, 
it was assumed here that closures of routes are already known to drivers of emergency vehicles. Dijkstra’s 
algorithm was used to predict the route taking the least time from any entrance to any LSRAB (Dijkstra, 1959). 
The SETR have median strips, and emergency vehicles were assumed to use opposing lanes (the wrong side of 
the street) only at intersections (Fig. 2(c)). Bases were sometimes rendered unreachable due to the closure of all 
routes during a simulation. 

DATA AND CONDITIONS EMPLOYED IN EMERGENCY VEHICLE SIMULATIONS 

Data employed 

Figures 3 and 4 provide overviews of the roadside building data and SETR data used for this analysis. 

Detailed classification information (building height, actual structure, date of construction, setback distance, 
adjacent street width, and directly opposing buildings, degree of seismic resistance, Is value) was obtained from 
the seismic resistance diagnoses and reports about the seismic retrofits made to priority roadside buildings. Since 
no such detailed data about roadside buildings facing GETR (general roadside buildings) are available, building 
spatio-temporal data were substituted. The Is value was estimated at the mean found for the Is values of all the 
priority roadside buildings (the collapse probability was uniformly set at 5.6%). 

 

Figure 2. Roadway blockage model of the emergency transportation roads 
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Figure 3. Overviews of the roadside building data 

 

The Ministry of Land, Infrastructure, Transport and Tourism supplemented the incomplete roadway data from its 
published roadway data (Ministry of Land, Infrastructure, Transport and Tourism, 2019). The speed of travel 
along each link of the route was set using the roadway classifications provided in the information about 
classifications (Fig. 4(a)). Travel between SETR (expressways) and SETR (other roads) was assumed to occur 
only at interchanges, in order to reflect the actual situation. 

When the actual facilities used as LSRAB did not face the SETR, the destinations for the emergency vehicles 
representing those LSRAB were defined on locations facing SETR based on the assumption that access to the 
selected LSRAB (59 total locations, of which 33 were outdoors) from the nearest SETR would remain open. 

The data on roadside buildings are originally compiled for urban planning and management, and not open to 
public. Tokyo metropolitan government provides the data only for research purposes, and has been updating once 
every five years. The Is value of each building was collected from the owners and managers of the buildings 
(priority roadside buildings) at high risk of blocking SETR after the seismic diagnosis based on the ordinance. 
The author got the special permission to access the data from Tokyo metropolitan government, under the condition 
of providing the research results. 
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Figure 4. Overviews of specific emergency transportation roads (SETR) data 

Conditions selected for the simulation 

No specific earthquake was selected for this analysis. Instead, we used the damages estimated to result from a 
temblor beneath northern Tokyo Bay or directly beneath the southern part of central Tokyo, with an intensity 
measured at M6.2 everywhere in the region. The peak ground velocity (PGV) was calculated using the method of 
Tong et al. (1996) (66 cm/s) and employed as the earthquake intensity in the simulation. 

Each building was designated as having collapsed or survived using the emergency vehicle simulation model to 
predict the closures of the emergency transportation roads in the Tokyo Metropolis. The travel of emergency 
vehicles from each of the 14 entrances into the Tokyo Metropolis along the SETR was simulated (Fig. 4(b)). The 
vehicles were assumed to have the highest priority in movement on the SETR (expressways). However, it is 
possible that the expressways might not be usable immediately after a major earthquake has occurred until they 
have been inspected and verified to be safe (Kishida, 2012). Therefore, we also examined the case when all travel 
must be at ground level, i.e., when SETR (other roads) must be used. Thus, the following two cases were 
investigated. 
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(1) Case of entry to Tokyo Metropolis via SETR (expressways) 

All the passable SETR (expressways and other roads) are allowed to be used for travel. For example, if a vehicle 
meets a blocked link, it exits the expressway, uses another route to get around the blockage, and then re-enters the 
expressway. 

(2) Case of entry to Tokyo Metropolis via SETR (other roads) 

Expressways will be closed, at least temporarily, including to emergency vehicles, for safety checks as soon as a 
major earthquake occurs. In this case, vehicles enter from another prefecture on a SETR (other roads) and only 
use the SETR (other roads) to the reachable LSRAB. 

After setting the above conditions, the emergency vehicle simulation was run for all the combinations of entrances 
and destinations. In total, 1000 runs were performed. The simulation program was coded and developed by the 
author using computer language C#. 

EVALUATION OF ACCESSIBILITY FROM SPECIFIC EMERGENCY TRANSPORTATION ROADS 

Index for evaluation of accessibility 

The accessibility index accounts for both the probability of arriving at the destination from the entrance 
(accessibility rate) and the increase in distance travelled over that travelled in normal conditions (increase rate of 
travel distance). The number of runs of emergency vehicle simulation is [the number of entry points] x [the number 
of destination points] x 1,000 in total. The "accessibility rate" is defined as the percentage in which emergency 
vehicles can reach the large-scale rescue activity bases (LSRAB). Meanwhile, the ratio of the travel distance to 
LSRAB with street blockage to that without street blockage is calculated. The " increase rate of travel distance" 
is defined as the average value of the rate calculated from [the number of entry points] × [the number of destination 
points] × 1,000 runs of simulation. Rather than describing the influences of various roadside buildings and the 
idiosyncrasies of local access to the various LSRAB, this study discusses the mean values for accessibility from 
all the entrances to all the destinations. 

Spatial distribution of blockage probability (the probability of street closure) 

Figure 5 shows the spatial distributions of the blockage probability (the probability of street closure for each road 
link) among the SETR and the GETR. Street closure varies greatly depending on the locations of collapsed 
buildings, hence it varies according to each simulation runs. The blockage probability was estimated based on the 
number of closures of each road link which was observed in 1,000 simulation runs. The SETR (expressways) did 
not show a particularly high rate of blockages in any one part of the Tokyo Metropolis (Fig. 5(a)). However, there 
was geographical uniformity in the blockages of the SETR (other roads) and the GETR (Figs. 5(b) and (c)). The 
reader can see that parts of Suginami, Arakawa, and Setagaya Wards had blockage rates exceeding 50%. 
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Figure 5. Spatial distributions of the probability of street closures among the SETR and the GETR 
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Accessibility evaluation of SETR 

An emergency vehicle simulation was performed under the condition that only SETR could be used, in order to 
examine the accessibility of the SETR. 

As of September 30, 2015, the earthquake-resistant building ratio of all the SETR in the Tokyo Metropolis had 
reached 80.6%. The accessibility rate was 70.4% when entering a SETR (expressways); i.e., the likelihood of not 
being able to reach one’s destination LSRAB was about 30% (Table 1, Fig. 6(a)). When entering via an SETR 
(other roads), the accessibility rate was 27.3%, extremely low (Table 2, Fig. 6(c)). The travel distance increase 
factors were 1.25 and 1.27, respectively (Tables 1 and 2, Figs. 6(b) and (d)). The SETR (other roads) are more 
vulnerable to collapsing buildings than the SETR (expressways), i.e., more prone to blockage. 

Now, let us turn to how accessibility is changed by progress in seismic retrofitting (the effectiveness of such 
retrofitting). It is no easy matter to predict how seismic retrofitting will progress (in what way any given building 
should be retrofitted). Therefore, we examined the following three scenarios in cases of extreme retrofitting. The 
relative relationships between these scenarios were examined to determine how they progressed. Specifically, 
they were analyzed from the viewpoints of comparison in the order of increasing Is value (retrofitting was 
performed from the building with the lowest Is to that with the highest), random order (retrofitting was performed 
in random order of Is), and in order of decreasing Is (retrofitting was performed from the building with the highest 
Is to that with the lowest). Tables 1, 2 and Figure 6 show the results.  

In order to make the progress in improvement easier to visualize, the simulation shows the final effectiveness that 
results if the seismic retrofitting has been performed in buildings with Is ≤ 0.2 (358, about 2% of the total) and 
those with Is ≤ 0.3 (985, about 5%), with the progress given in convenient 5.0% steps of the earthquake-resistant 
building ratio (85%, 90%, 95%, and 100%) as well as the present state of each building. The final effectiveness 
of the roadside building retrofitting varied dramatically with the retrofitting scenario. In buildings with increasing 
Is value, the results with the group representing about 2% of the buildings showed significant improvements in 
both increased accessibility rate, to 92.6%, via the SETR (expressways), and reduced the travel distance increase 
factor to 1.11 (Table 1, Figs. 6(a) and (b)). When traveling via the SETR (other roads), the accessibility rate 
improved to 63.2% and the factor of distance decreased to 1.16 (Table 2, Figs. 6(c) and (d)). Thus, fragile priority 
roadside buildings with low Is values are the chief factor in the probability of road closures, thereby indicating 
that it is advantageous to preferentially perform seismic retrofitting of these buildings. In contrast, when 
retrofitting was performed on buildings in decreasing Is value, even after the overall earthquake-resistant building 
ratio had reached 98.0% (about 18% of the total number of buildings), the benefit of this effort was limited (it was 
about the same as in the previous example, retrofitting of buildings with Is ≤ 0.2). This reaffirms the importance 
of preferentially retrofitting fragile buildings with low Is. 

However, it is not easy to refurbish fragile buildings with low Is values. More specifically, such retrofits are quite 
costly, so such buildings may be retrofitted more slowly than buildings with high Is values. In other words, if we 
assume that the actual progress of this effort will yield something between the results of progressing randomly in 
the seismic retrofitting of buildings and the results of retrofits in order of decreasing Is, it is preferable to promote 
this retrofitting with the ideal of a robust SETR accessibility in mind, rather than setting a high earthquake-
resistant building ratio as the only goal. 

 
Table 1. Accessibility improvement by seismic retrofitting using SETR (expressways and other roads) 

Earthquake resistant  
building ratio 

Lowest Is to highest 
Accessibility rate (Increase rate) 

Random order Highest Is to lowest 
 

80.6 % (Sept. 30, 2015) 70.4  (1.25) 70.4 (1.25) 70.4  (1.25) 
82.5 %  92.6  (1.11) [Is�0.2] 75.7 (1.22) 71.2 (1.25) 

85.0 % 96.8  (1.07) 82.3 (1.18) 73.4 (1.23) 

86.5 % 97.6 (1.05) [Is�0.3] 84.3 (1.16) 74.2 (1.22) 

90.0 % 98.9 (1.02) 91.3 (1.10) 77.9 (1.20) 

95.0 % 99.5  (1.01) 97.0 (1.04) 84.4 (1.15) 

100 % 100.0  (1.00) 100.0 (1.00) 100.0 (1.00) 
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Table 2. Accessibility improvement by seismic retrofitting using SETR (other roads) 

Earthquake resistant  
building ratio 

Lowest Is to highest 
Accessibility rate (Increase rate) 

Random order Highest Is to lowest 
 

80.6 % (Sept. 30, 2015) 27.3 (1.27) 27.3 (1.27) 27.3 (1.27) 
82.5 %  63.2 (1.16) [Is�0.2] 31.9 (1.24) 27.8 (1.26) 

85.0 % 79.3 (1.11) 40.3 (1.22) 29.3 (1.26) 

86.5 % 84.3 (1.09) [Is�0.3] 45.2 (1.21) 30.6 (1.25) 

90.0 % 94.4 (1.05) 64.3 (1.16) 35.2 (1.23) 

95.0 % 98.5 (1.02) 88.6 (1.08) 47.8 (1.20) 

100 % 100.0 (1.00) 100.0 (1.00) 100.0 (1.11) 

 

 

Figure 6. Accessibility evaluation of SETR 
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Role of general emergency transportation roads 

An emergency vehicle simulation was performed using both SETR (expressways and other roads) and GETR. It 
was assumed that the roadside buildings facing the GETR had been seismically retrofitted randomly.  

The benefit of increasing the ratio of earthquake-resistant building ratio along GETR from its current level of 75% 
to 85% was examined in 5% steps, i.e., ratios of 75%, 80%, and 85%. Figure 7 shows these results as a dot-dash 
line, a dotted line, and a solid line. 

The accessibility rates at the current earthquake-resistant building ratios (80.6% along SETR, 75.0% along GETR) 
were 97.3% when entry to the Tokyo Metropolis was along SETR (expressways) (Table 3, Fig. 7(a)) and 95.3% 
when entry was along SETR (other roads) (Table 4, Fig. 7 (c)). Comparing these results to the accessibility rate 
when only SETR are used, we see that they constitute a significant improvement, 26.9 points higher than entry 
via SETR (expressways) (Tables 1 and 3, Figs. 6(a) and 7(a)) and 68.0 points higher than entry via SETR (other 
roads) (Tables 2 and 4, Figs. 6(c) and 7(c)). Hence, the reader can see that GETR play a critical assisting role in 
ensuring accessibility via the SETR. 

The gains in accessibility by raising the seismic retrofitting rate along GETR from the current 75% to 80% and 
85% in a random fashion were smaller than seen from retrofits along SETR. This is due to the assumption by the 
simulation that emergency vehicles will preferentially use the SETR. However, examining the accessibility rate 
after entry via SETR (expressways), we see that raising the seismic retrofitting rate of general roadside buildings 
by 5.0% improves the accessibility rate from 70.4% to 97.3%. This corresponds to the approximately 5.0% seismic 
retrofitting rate seen in the data in the groups of buildings refitted in descending order of Is value (Table 3, Fig. 
7(a)). Seismic retrofitting of general roadside buildings is an integral part of ensuring accessibility via SETR, and 
it is essential to take the stage of progress of such retrofitting as seriously as that of priority roadside buildings. 
This study analyzed general roadside buildings using the mean Is values of priority roadside buildings. However, 
in order to make a more detailed analysis, we must proceed with seismic resistance diagnoses of general roadside 
buildings and, based on those results, consider new policies for promoting further seismic retrofitting. 

 
Table 3. Accessibility improvement by seismic retrofitting using SETR (expressways and other roads) and GETR 

Earthquake resistant  
building ratio 

Lowest Is to highest 
Accessibility rate (Increase rate) 

Random order Highest Is to lowest 
 

80.6 % (Sept. 30, 2015) 97.3 (1.13) 97.3 (1.13) 97.3 (1.13) 
82.5 %  99.2 (1.08) [Is�0.2] 97.7 (1.12) 97.4 (1.13) 

85.0 % 99.6 (1.05) 98.2 (1.10) 97.5 (1.13) 

86.5 % 99.7 (1.04) [Is�0.3] 98.4 (1.10) 97.5 (1.12) 

90.0 % 99.9 (1.02) 99.0 (1.07) 97.8 (1.12) 

95.0 % 100.0 (1.01) 99.7 (1.04) 98.2 (1.09) 

100 % 100.0 (1.00) 100.0 (1.00) 100.0 (1.00) 

 
Table 4. Accessibility improvement by seismic retrofitting using SETR (other roads) and GETR 

Earthquake resistant  
building ratio 

Lowest Is to highest 
Accessibility rate (Increase rate) 

Random order Highest Is to lowest 
 

80.6 % (Sept. 30, 2015) 95.3 (1.20) 95.3 (1.20) 95.3 (1.20) 
82.5 %  97.9 (1.13) [Is�0.2] 95.9 (1.19) 95.4 (1.20) 

85.0 % 98.6 (1.09) 96.5 (1.17) 95.5 (1.20) 

86.5 % 98.7 (1.08) [Is�0.3] 97.0 (1.16) 95.6 (1.19) 

90.0 % 99.9 (1.05) 98.0 (1.13) 95.9 (1.18) 

95.0 % 100.0 (1.02) 99.1 (1.08) 97.2 (1.16) 

100 % 100.0 (1.00) 100.0 (1.00) 100.0 (1.00) 
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Figure 7. Accessibility evaluation using both SETR (expressways and other roads) and GETR 

SUMMARY AND CONCLUSIONS 

For this study, an emergency vehicle simulation of the aftermath of a major earthquake, accounting for the street 
blockages, was carried out. The accessibility of large-scale rescue activity bases via specific emergency 
transportation roads was observed as it varied with the seismic retrofitting of buildings along the routes. 
Specifically, a roadway blockage model describing the obstructions at the individual street level following a major 
earthquake and an emergency vehicle movement model describing the geographic motion of those vehicles were 
constructed. These were then combined to develop an emergency vehicle simulation model, which was used to 
make a quantitative evaluation of the accessibility of large-scale rescue activity bases via specific emergency 
transportation roads. Next, the emergency vehicle simulation model was used to simulate the aftermath of an 
earthquake with a peak ground velocity of 66 cm/s throughout the Tokyo Metropolis. 

The simulation predicted that, given the seismic retrofitting rate as of September 2015, emergency vehicles might 
be unable to reach about 30% of the large-scale rescue activity bases, even if they had entered on expressways. 
Three extreme scenarios of seismic retrofitting were then conceived, and a quantitative estimate was made of their 
benefit in terms of accessibility to the bases as a result of seismic retrofitting of buildings along the specific 
emergency transportation roads. The results show that the retrofits improved accessibility to the roadway 
buildings, but that the most marked benefit was from the prioritized refurbishment of the buildings with the lowest 
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seismic indices. Retrofits of just the buildings with Is value of 0.2 or lower (358 structures, about 2% of the total) 
improved the accessibility to 92.6% for emergency vehicles entering on the expressways. An accessibility 
evaluation was then carried out combining both general emergency transportation roads and specific emergency 
transportation roads, and its results showed that the general routes played an invaluable support role for the 
functionality of the specific routes. 

Even if the probability of collapse for individual building is known, the possibility of street blockage depends 
greatly on the number and location of roadside buildings. It was, therefore, difficult to know the probability of 
street blockage by an ordinal analytical method. The theoretical contribution of this paper is that we demonstrated 
the simulation techniques, in which a few different modeling techniques were combined, can address this problem. 
In addition, the practical contribution of this paper is that the proposed simulation was actually adopted by the 
Committee on the Tokyo Metropolitan Committee for Promotion and Planning of Seismic Refurbishments, and 
contributed to the actual planning work by providing the simulation results. 

The accessibility via the emergency transportation roads depends significantly on the conditions in the roadway 
network and on the spatial distribution of vulnerable buildings with low Is values. It will be essential to make a 
more detailed analysis of the local characteristics of the entry points into the metropolitan area and of the bases 
(connections from emergency transportation roads to the bases, concentrations of vulnerable buildings near the 
bases, etc.). This investigation focused on the accessibility to the large-scale rescue activity bases. However, 
accessibility to other crucial disaster prevention bases and facilities (city and ward offices, designated hospitals, 
shelters, etc.) must also be evaluated. For this, further studies must consider the main thoroughfares, including 
general emergency transportation roads. It is also anticipated that emergency transportation roads will stock some 
materials to block or retard the spread of fire. Accordingly, we will expand the scope of our investigations into 
these matters in the future. Also, it is desirable to conduct a robust test by performing a similar simulation analysis 
in different study regions. We would like to make a robust test in near future, and demonstrate that the methods 
can be applied to other situations and the results are consistent. 
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