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ABSTRACT: The role of the Fire Departments in Kobe and Tokyo after ealtbgua
reviewed following the 1995 Great Hanshin-Awaji (Kobe) and otathquakes and
subsequent fires. In Japan effort has been focused on providirfigtitiag water
supplies after an earthquake including the purchase pumping vehicles and hasardyer
the planning and installation of additional underground water cistédpgrading water
supplies should be considered in New Zealand. Both Fire Departherdsdeveloped
computer models to predict fire spread and to allocate fikeifig resources efficiently.
Despite the large amount of resources available in J&pegnate insufficient to fight all
the predicted fires. This situation is similar to thateth by a city like Wellington.
Analysis of the rescue efforts after the Kobe earthquakedsatted in a change of focus
from expecting the Fire Department to rescue people trappedldings to providing
more resources to aid the rescue efforts of local voluntedisis is an approach which
may be appropriate in New Zealand.

1 INTRODUCTION

A major earthquake disaster in New Zealand such as the mnaxionedible earthquake on the
Wellington fault would not be as severe as the effectdarfge earthquake centred on or near a major
population centre in Japan, such as Tokyo/Yokohama. However the propbrthentotal population
affected would be similar to that in Japan.

In 2003 the author was hosted by Prof. Ai Sekizawa of Tokyo Uniyeasd the National Research
Institute of Fire and Disaster in Tokyo, Japan. In Japan respdgsfbil rescue operations after
earthquakes and disaster preparedness rests with the Fingnieyia. Fire Departments include the
Ambulance service and the public expect the Fire Departrtedesal with all emergencies other than
those requiring the Police. He visited the Tokyo Fire Depanrtrto discuss rescue and fire-fighting
operations with senior officers and visited Shirahige Wardrevtieere are a large proportion of older
buildings prone to urban conflagrations and its fire station. In Kobeésited the Nagata Ward
where the worst fires after the Kobe earthquake occurredhashdiiscussions with Fire Department
officers including Capt. Atsushi Kagimoto who was the Fire Chig¢ifie Nagata Ward during the fires
after the Kobe earthquake.

Much of the information in this paper was gained in discussiotis warious individuals, given that
most available publications are in Japanese so personal contasiseaiat in gaining information.

2 SIGNIFICANT JAPANESE EARTHQUAKES

In New Zealand there has not been a major earthquake affedirgegopulation centre since Napier
in 1931. This is not the case in Japan. Major earthquakesred in 1995 in Kobe, and 1993 and
2003 in Hokkaido, and a number of other moderate earthquakes, manycbfredulted in heavy fire
losses. The Great Kanto earthquake of September 1923 wasnaudag/.9 centred on the Kanto
plain near Tokyo (Botting, 1998). There were 143,000 deaths (USGS 2005) and 459860 t
framed houses were destroyed by 277 fires. About 40% of thefafekyo was destroyed by fire
and about 80% of Yokohama by earthquake and fire (Botting, 1998). Many of thesstatiturred in
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the fire after the earthquake. A number of other post-earthguaks have also occurred such as
after the Kitatango earthquake of 1925 (8287 buildings destroyeute)ythe Fukui earthquake of
1948 (3960 buildings destroyed by fire) and the Southwest Hokkaido eakthepf 1993 (189
buildings destroyed by fire) (Suzuki 1994).

2.1 The 1995 Great Hanshin-Awaji (Kobe) Earthquake

The most recent major earthquake affecting a heavily pigglilErea was the Great Hanshin-Awaji
(Kobe) earthquake of 17 January 1995. This earthquake was atiwEgni3. The Intensity was 6 or
7 on the Japanese Meteorological Agency scale depending on loaatioroughly equates to a
modified Mercalli Intensity (MMI) of 10. This is similar to the intégof earthquake that is expected
in Wellington. There were 4571 fatalities and 14,678 injuries (The &i Kobe, 2003). Over
200,000 people were rendered homeless after 67,000 buildings completafysemland 55,000
partially collapsed. Many public buildings were damaged or desirdgcluding 85% of the schools
and some hospitals. Power and water failed throughout thesaitig @f the gas reticulation. Kobe is
a main manufacturing centre for shoes and sake. Half thebsaeries and 80% of shoe factories
were sevr?lrely damaged. In addition 7,000 structures were burm @&@5 fires covering a total of
819,000

3 FIRE-FIGHTING AFTER EARTHQUAKES
3.1 The Kobe Experience

Kobe is a city of 1.5 million people covering an area of 558 Kfine Kobe City Fire Department has
1413 staff, 4000 volunteers, 236 vehicles for permanent staff and 180 vehicles foeermslunt

Of the 285 fires that started after the Kobe Earthquake, 138 imeKobe City and 77 involved
multiple buildings(Hokugo 1997). Fire spread rapidly where buildings were closelgedpian the
Nagata and Hyogo Wards. Most of the predominantly timber bugdmthese Wards were clad with
non-combustible cladding, however claddings were damaged by e&ehghaking allowing fire
spread and fire also spread via windows and openings.

Despite the large number of fire appliances and fire crew fsem the neighbouring larger city of
Osaka and other cities, fire fighting efforts were hamperedlagkaof water and lack of access due to
damaged roads and collapsed buildings blocking streets. Commnumieéth fire crews was difficult
due to the failure of the telecommunications system. The majfrifires were stopped by natural
firebreaks rather than fire-fighting activity as shown in Table 1.

Table 1. Mechanisms for Stopping Fire Spread

Features that stopped the fire spreading % of Tota
Roads or Railway lines 40
Parks and other open spaces 23
Buildings with fire-resistant construction 23
Fire fighting activities 14

A substantial proportion of the public chose to fight the fires as summhamidable 2.

Table 2. Reaction of public to fires

Reaction of Public to Fires % of Total
Fighting the Fire 30
Calling Fire Brigade 9
Watching Fire 22
Evacuating from fire 20




This resulted in a large proportion of fires (18 % or 41) bektqguished by the public. These
people used a variety of means to extinguish fires as shown in Table 3.

Table 3 Means of fire-fighting by the Public

Means of Fire-fighting No. fires fought
Fire Extinguisher 55
Fire Buckets 47
Fire Hose reels 19

Without the initiative taken by the public in fighting firdsethnumber of fires would have increased
and so would have the fire losses.

Thirty-five ignitions occurred immediately after the elegityi was turned back on. A number of fires
were also due to gas leaks similar to the Northridge and LBrigda earthquakes in California
(Botting, 1998). Twenty-four ignitions were attributed to gas ledit®ough the causes of half the
fires were unknown. A large proportion of gas leaks occurred were gas pipedebuildings

Some buildings were demolished to prevent spread of fire. Thd-G& Chief has the authority to do
this, but Fire Departments in Japan have been sued when this approsetl.i Before demolition can
take place the building must be unoccupied. This can be diff@determine in a partially or totally
collapsed building. Helicopters with monsoon buckets were not used ldingsiiunless it can be
determined that no-one is trapped in the buildings.

3.2 Mitigation Measures in Kobe and Tokyo
The main findings after the Kobe earthquake were the lagkatdr supplies and the number of fires

that were extinguished by the public.

In Kobe the water supply problem has been mitigated by the prowdgarisuper pumper complex”
(Fig. 1) consisting of a large capacity pump truck, a watgtetaand a hose layer at each main fire
station which can deliver 4 tonnes water per minute over a distance of 2 km.

Figure 1. Kobe City Fire Department “Super Punfpemplex”
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Figure 2. Installation of water cistern Figure 3. Damming the Kanda Rivieakyo, for Water

Cisterns for fire-fighting water have been installed througtabe (Fig. 2) and the city has been
mapped showing the location of the existing cisterns. New cidtenesbeen or will be built in areas



where there are no cisterns. Provision has also been mashdily mccess water from local streams
and a stormwater sewer has been designed to be used in tevallegy sea water to flow back into
the sewer from where it can be pumped out (Kobe City Fire Bureau, 2002).

In Tokyo a 40 mor 100 ni cistern is required in each 250 m square grid in the centya(Suizuki
1994). Provision has also been made to readily access watelofrahstreams. A 500 heistern

(Fig. 4) has been built in the underground portion of the Kanda Riveérhose layers and super
pumpers have been acquired.

Figure 4. 500 cubic metre cistern in undergrouatid@ River, Tokyo

The efforts of the public in fighting fires have been enhancedreggthening the volunteer fire corps
and providing additional training. Equipment is also provided forpihglic to use such as fire
extinguishers located in areas of high fire risk as showkigare 5. The Shirahige fire station has
350 volunteer staff which have 4 hours training once a month. Ther85g060 people in the
Volunteer Fire Corps in Tokyo and 4000 in Kyoto.

Figure 5. Fire extinguisher station in a residdrdrea. Shirahige Ward, Tokyo

The Kobe City Fire Department is increasing its levelcofordination with electricity and gas
companies in order to ensue that supplies are turned off aftearthquake in order to reduce the

number of ignitions. The Fire Department will ask the eldttrcompanies not to restart power until
safety is assured.



Fire-fighters are expected to report to their own fire @tatf there is an earthquake greater than
Magnitude 5. Command is devolved to the local fire stations dieroto limit problems with

communication.

Three public training centres for disaster preparednedsfiee-fighting have been built in Tokyo.
These are used by schools and community groups to learn aboutrdisegtegedness, and include a
shake room that people can experience, first aid training and training iretbéfire extinguishers.

Figure 6. Fire extinguisher training, Honjo Bokhian

Refuge areas have been also designated. These are large open areas. Ansetkenquleeir Imperial
Palace gardens in central Tokyo. In Shirahige ward (Fighe’designated refuge area is in a park
behind an 800 m long apartment complex with steel shutters andradeaige system to prevent the

spread of fire.

Figure7. Shirahige Fire Wall.

Computer-based dynamic fire—spread models have or are being develppke Kobe City Fire
Department, Tokyo Fire Department and The National Researckutestif Fire and Disaster to
allocate fire-fighting resources and water supplies to fifes earthquakes. These GIS based models
also identify fire-breaks such as roads, railway lineskgpand fire-resistant buildings which aid in
setting fire-fighting lines where fires can be stopped.



3.3 Implications for New Zealand

New Zealand cities have a similar problem with water sappliDuring the fires after the Napier
earthquake some water was supplied from salt water sumpghtotlie post-earthquake fires. In
earthquake-prone cities the Fire Service should identify vgateplies and with the local authority
upgrade the water supplies in case of a disaster. As many of our citiesstaé toause of salt-water
sumps or the use of storm water systems below sea level sfeirdestigated. This is of particular
importance where coastal land has been reclaimed and accése fargines for pumping may be
difficult after an earthquake due to damage to reclaimed land and possithilegupi land.

In New Zealand there has been a move away from expecting occupants fioefighPrior to the 2000
revision of the Acceptable Solution for Fire (BIA, 2000) most e@rcial, retail crowd and multi-unit
sleeping occupancies required the provision of hand-held fire figbtingpment. Now this is only
required in some multi-unit residential buildings. In NewlZed it would not be practical to have
hand-held fire-fighting appliances stored on the street howeverchhages to the Acceptable
Solutions will result in a reduction of the number of hand-heklfighting appliances in buildings
and hence less chance of fires after earthquakes being esttiaduy occupants. This change to the
Acceptable Solutions should be reviewed in light of post-earthquakésfre r

By way of comparison with Kobe City the New Zealand Fire $erun the Wellington area services
400,000 people and has 271 permanent and 480 volunteer fire-fighterse arbea total of 48
operational vehicles. On a population basis Kobe has more thanasvinany fire-fighting vehicles
and volunteer fire-fighters and about half as many permanetiidimers as Wellington. The figures
are similar for Tokyo as for Kobe.

The Fire Service needs to improve its ability to allocaseueces after an earthquake. This can be
achieved by further development of dynamic fire-fighting moddifchvcan be used to predict fire
spread and the effect of natural fire breaks.

Co-ordination with electricity and gas companies also needs impm@ved. Gas companies are
unwilling to turn off gas supplies due to the difficulty of reinstatingsingplies afterwards.

Many houses in New Zealand have inadequately braced foundations or inedegoaections
between the foundations and superstructure. With differenttaement between the ground and
foundations and the foundations and house superstructure there isapddentnderground services
such as gas and electricity connections to be damaged both pateatizes of ignition. Upgrading
house foundations would reduce the number of ignitions, as well as redkirey staamage.

4 RESCUE OPERATIONS AFTER EARTHQUAKES

4.1 The Kobe Experience

During and after the Kobe earthquake 164,000 people had to evacudiegbuthat had collapsed
and/or because of fire Three times as many people wergerckby their neighbours as rescued by fire
fighters and 16 times as many managed to self-evacuate (Table 4).

Table 4. Rescue activity by rescuer

Rescued by Fire Dept. Rescued by Neighbours Salftated
No. People 7,900 27,100 129,000
Ratio 1 3 16

The people who self-evacuated and neighbours tended to useolittte equipment in rescuing
building occupants.



4.2 Rescue Measures in Kobe and Tokyo

In Tokyo, it has been decided that the most effective way ofasing the number of rescues is to
provide more equipment and training for the public. The Volunteer FirpsGs being strengthened
and light rescue equipment is being provided for local neighbourhoodsyotn, effort is being put
into training volunteers in first-aid. Fire Department Voluntéerps are trained in rescue operations
as well as fire-fighting. Both Fire Departments have iregdteavily in rescue equipment and
training, but it is not feasible to provide the equipment and staff to copdange scale disasters.

The existing building codes are of a high standard but thera large proportion of older buildings,
particularly houses, with low levels of lateral bracing amiielieffort has been out into upgrading
these.

Three public training centres for disaster preparednedsfiee-fighting have been built in Tokyo.
These include a shake room (Fig. 8) that people can experfeateajd training and training in the
use of fire extinguishers.

Figure 8. Earthquake training shake room at H&geai-Khan.
4.3 Implications for New Zealand

As most people self-evacuate or are rescued by neighbours andZé&dand does not have the
resources to provide for rescue from a large number of collapkings, the most effective method
of increasing survivability after earthquakes is to eduaatktrain the public to save themselves and
others and to provide the necessary means and training. i@noefdight-weight rescue equipment
should be considered.

Upgrading the seismic capacity of existing building stock reitluce the number of people requiring
rescue. More effort should be put into retro-fitting existing hoogadations to reduce the possibility
of collapse and potential ignition sources.

5 CONCLUSIONS

Since the Kobe earthquake a large amount of resources has besto futreasing preparedness for
earthquakes and post-earthquake fires in Kobe and Tokyo. Threedsmeany people rescued by
neighbours than by Fire Department rescue teams. The focukifted ® increasing the public’s

ability to cope with disasters by providing training and equipmeateasing its capability rather than
increasing resources available to the fire departments igi assescue and fire-fighting is likely to

result in a large increase in the overall ability of society to wéhlemergencies.



Fire Departments have identified areas were there is tagkaof fire-fighting water and are installing
additional capacity. A large proportion of post-earthquake Ve extinguished by the public. For
this reason the changes in the Acceptable Solutions remadugements for hand-held fire-fighting
equipment should be re-visited.

Existing building stock needs to be upgraded. This is in handdimmercial earthquake-prone
buildings; however more effort needs to be made on upgrading domestiingsy particularly the
foundations, to reduce shaking damage and the potential for ignitions.
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