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TARGETED REMOVAL OF FIRE SPREADING WOODEN BUILDINGS

i AN 7N N R S
Kazuhisa ORIYAMA and Akira KOTAKI

A scale-free power law distribution applies to fire-spreading networks in areas that are densely crowded with wooden-building, with each

flammable wooden building as a node and its links to other buildings within fire-spreading distance of it. Based on the percolation theory of

scale free networks, we have computed the percolation critical exponents and found that fire-spreading networks can be effectively disrupted by
the targeted removal of each fire-spreading wooden building that links to six or more other such buildings. A targeted removal approach for the

84 highest-risk districts in Tokyo can prevent fire spread by removing 10-30% of flammable buildings, in contrast to random removal of 40-70%

of flammable buildings. A detailed area survey and assortative coefficient indicate that cooperative rebuilding would be effective for a targeted

removal approach.

Keywords : Scale-fiee networks, Areas densely crowded with wooden buildings, Percolation, Fire-spreading

network, Targeted attacks
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A predicted intense earthquake in Tokyo is expected to generate widespread fire in areas densely crowded with
wooden buildings and take a heavy toll of human lives. Fire prevention measures have been taken in blocks to
improve main roads and high-rise buildings have been constructed around areas crowded with wooden buildings.
However, it is not possible to proceed with fireproofing redevelopment of whole blocks because it is difficult to obtain
a consensus among the large number of landowners. In contrast to the whole-block approach, we find scale-free power
law distribution on fire spreading networks and have proved that targeted removal of a few adjacent buildings can
prevent fire spread effectively.

We have acquired our hypotheses from the development process of regions densely crowded with wooden buildings
after the great Tokyo air raid of World War 2. The further roads branched out, the more densely smaller wooden
houses were built along them. The process indicates preferential linking that grows scale-free networks. The
hypotheses is verified by network analysis that power law notably explains degree distribution of fire spreading
networks in the 84 highest risk regions and wards that consist of each flammable wooden building as a node and its
links to other nodes within fire spreading distance.

The result leads to an effective targeted removal approach to those scale-free networks that are vulnerable. Then
we compute the percolation critical exponents and conclude that fire spreading networks can be effectively disrupted
by targeted removal of fire-spreading wooden buildings with six and more degree. The targeted removal approach for
the highest risk 84 districts in Tokyo is designed to prevent fire spread by removing 10-30% of flammable buildings,
in contrast to random removal of 40-70% of flammable buildings. As a whole, the targeted removal of 15,391~25,362
buildings among 79,595 could possibly prevent fire spreading in the highest risk districts of Tokyo.

Furthermore, a detailed area survey and assortative coefficient demonstrates that each targeted building adjoin by
several units. It denotes that cooperative rebuilding, among which sites might not connect roads legally, will work on
a targeted removal approach more effectively than individual rebuilding and whole block redevelopment.

These observations are considered as a fruitful application of network analysis on urban disaster prevention. A
fire-spreading network graph enables stakeholders to recognize risk by each unit and the importance of targeted
removal intuitively. In order to shape solutions, a forthcoming survey will examine the feasibility of the cooperative
rebuilding method, to design mechanisms to encourage landowners to participate in cooperatives, and to introduce

design codes to generate better urban environments.
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