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A Study on Evaluation Method for Fire-Spread Risk in Densely Built-up Urban Areas:
A Case Study in Nagata Ward in Kobe City before the Hanshin Awaji Great Earthquake
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A Study on Evaluation Method for Fire-Spread Risk in Densely Built-up Urban Areas:
A Case Study in Nagata Ward in Kobe City before the Hanshin Awaji Great Earthquake
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Abstract: In the Hanshin Awaji Great Earthquake in 1995, approximately 300 fires broke out and over 7,500
buildings were destroyed with over 500 dead by fire. Such damage was concentrated in urban areas with
densely-built wooden buildings. Many densely-built urban areas are still seen throughout Japan and it is
predicted that inland local earthquakes in urban areas or plate-type earthquakes in the Tonankai or Nankai
regions, which can cause damage as severe as or more severe than the Hanshin Awaji Great Earthquake, will
occur. It is, therefore, extremely important to have measures against a catastrophic fire which may break out
after an earthquake. To plan such a measure for a densely-built area, it is necessary to estimate the damage
by fires and to have a method to quantitatively assess the effectivity of the measure. A calculation model to
simulate fire spread in urban areas through time is called a fire-spread model and it has been developed in
various ways. There have been, however, only a few models developed for post-earthquake fires of especially
high risk of spreading, reflecting the influence of buildings damaged in the seismic motion on the condition of
fire spread. Also fire spread does not appear to have been sufficiently assessed by one of the existing models.
In this study, therefore, the primary purpose is to assess the post-earthquake risks in an urban area in a more
realistic situation by using a fire-spread model which takes damaged buildings into consideration. The second
purpose is, in relation with the primary purpose, to evaluate the fires that actually broke out in Kobe city where
many buildings were damaged and fire spread caused serious damage at the time of Hanshin Awaji Great
Earthquake, in order to compare the assessed risk with the evaluation, then to improve the accuracy of the
assessment in evaluating the risk.

Fire situations can vary according to various factors such as weather and outbreak conditions. So in this
study, based on the risk concept, conditions of fire outbreak, quake-damaged buildings and weather are set as
uncertain parameters, then the final expected loss value (number of buildings lost in fire spread, etc.), that is
the fire risk, is evaluated by multiple predictive calculations. In the assessment, as mentioned before, the data
compiled from the area in and around Nagata-ward in 1995, during the post-Hanshin Awaji Earthquake period
were used. Then the vulnerability of the Nagata area was evaluated based on the risk assessment and its
comparison with the actual range of fires after the Hanshin-Awaji Great Earthquake. The simulation results
indicated that the damage by fire spread could have been even greater if the conditions had been different, that
even in a simulation set in an area with a low rate of building damage, the calculation resulted in a huge
number of burnt buildings depending on the structure and attributes of the town, and that even in an area with
fairly low-risk factors calculated as a whole, the number of burnt buildings was great. The simulation enabled
us to quantitatively evaluate the areas crowded with wooden buildings to see if they are at high fire-spread risk
as a whole.

Keywords: densely-built urban area, fire-spread model, fire-spread risk, disaster reduction performance





