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1 INTRODUCTION

City fire has been one of the most significant dis-
asters that Japan had to fought against throughout
its industrialization. The two big earthquakes which
attacked the greater Tokyo area during the Japanese
modernization, Ansei Earthquake(1855) and Kanto
Earthquake(1923) caused over 10,000 and 100,000 vic-
tims only by postearthquake fires. Even after the
World War II, big city fires were rather frequent say
at least one time a year, until 1960’s, most of which
occurred by strong wind. Since late 1960’s, big city
fires became rare partly as the fire defense had been
modernized. However, recent two big earthquakes in
Japan, Hokkaido Southwest-off Earthquake in 1993
and Hyogo-Nambu Earthquake in 1995, revealed risk
of city fires especially at the occasion of big earth-
‘quake.

Since establishment of BRI in 1946, considerable
efforts have been made on the analysis of city fires
and fire spread in urban district. Early works on city
fires by BRI staff include characterization of fires of
wooden structures from fire-spread point of view in
1940’s(Fujita), probabilistic formulation of fire spread
in urban fires in early 1950’s(Yokoi), and modeling
of meteorological aspect and fire plumes in city fires
in 1950’s(Yokoi and Sekine).Also a research project on
the prevention and mitigation of city fires through city
planning was organized at BRI in 1969-1972 while the
late Prof. Kawagoe served BRI’s Director General.
This research project was combined with another gov-
ernmental investigation project for the redevelopment
of the Koto district, east of Sumida River, where city
fires were the most significant at the occasion of Kanto
Earthquake and the postwar reconstruction was done
with weak wooden structures. A series of model fire
tests were carried out at the Tokyo Bay landfill area in
fiscal 1969-1972 as a part of these projects under the
cooperation of BRI, Tokyo Fire Department, Tokyo
Metropolitan Material Inspection Office, and Archi-
tectural Institute of Japan(AIJ). This report tries to
summarize this experiment Project and its outcome.

2 THE EXPERIMENTS

Two different series of fire tests with wood cribs were
carried out. One series were run in 1969-1971 with AIJ
as the secretariat and the other were done in 1970 and
1971 with BRI as the secretariat. Although numbers
of research organizations and individual experts joined
the tests, the two test series will be referred to as the
AH tests and BRI tests respectively only for simplic-
ity. The two test series were coordinated with each
other and some of the AH tests were even carried out
at the same time with the BRI tests for efficiency, but
the A1J tests featured analysis of the effectiveness of a
"fire wall” against the spread of fire in urban district,
while the BRI tests dealt with more general aspects
of fire behavior in urban area. Summary of the AH
tests were reported by Sekine(1971) and the BRI tests
were reported by Tatehara and Sekine(1973) both in
the Japanese language.

2.1 A1J Tests

Numbers of tests were made in the winter of 1969 -
70, 1970 - 71, and 1971 - 72. Five out of the tests in
1969 - 70 and 1970 - 71 were analyzed by Sekine(1971).
A material prepared by Sekine at a seminar in 1983
and 1984 compares results from the 1971-72 winter
tests with those from the former tests. A city block of
wooden buildings were simulated with cribs of 7 lay-
ers of twelve 2m long 4cm x 4cm wood sticks. Table 1
summarizes the test conditions, and Figure 1 demon-
strates a typical layout of the fuel and the fire wall.
Temperature field was monitored with thermocouples
mounted on 6m tall Poles, and wind velocity was mon-
itored basically windward to the fuel. All cribs were
ignited simultaneously.

2.2 BRI Tests

The test Project started with smaller models in FY
1970 and then was extended to a larger test in F'Y
1971.

At the FY 1970 tests, two different scale models for
city fire experiments were built with wood cribs, and
temperature field in the wind direction was monitored
with thermocouples mounted on 6m tall poles (Figure
2 (a) and (b)). The larger model(model-A) consisted



of 20 cribs of 14 layers of twelve 2m long 4cm x 4cm
wood sticks. The most leeward row of the cribs was
located 0.30m away from the other cribs to study the
fire spread across a vacant space such as a street. The
smaller model(model-B) consisted of 20 cribs of 7 lay-
ers of six 1m long 4cm x 4em wood sticks. The most -
leeward row of the cribs was located 0.15m away from
the other cribs. Wind direction and velocity were mea-
sured windward to the fuel. At the two tests, ignition
was made on the most windward row of the cribs.

At the FY 1971 tests, 32 cribs of 7 layers of 2m

long 4cm x 4cm wood sticks were arranged with in-
terval of 0.50m to make a 20m x 10m total burning
area(Figure 3). Measurements were made on temper-
ature with thermocouples mounted on 6m tall steel
poles and wind direction and velocity windward and
leeward to the fuel. Although it had been planned
that only the most windward row of the cribs, the two
windward rows were ignited by accident. Also weather
was somewhat unstable because of the low pressure
passing near the Tokyo Bay on that day.

Table 1. AIJ Tests Conditions, Summary

Identification | Date Number of cribs | Height of wall | Wind velocity(direction)
Test B Dec 1969 36(9 x 4) 1.5m(single) U=12m/s(N)
D Dec 1969 72(9 x 8)* 3.0m(single) 4.7m/s(N)
E Jan 1970 54(9 x 6) 1.5m(double) 2.1m/s(N)
H Jan 1971 36(9 x 4) 1.5m(double) 5.0m/s(N)
1 Jan 1971 36(9 x 4) none 4.0m/s(N)
M Feb 1972 15(5 x 3) 1.5m(double) 3.5m/s(N)
N Feb 1972 15(5 x 3) 1.5m(single) 3.5m/s(N)
* 14 layers of sticks were used while 7 layers were used in other tests.
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Figure 5 Trajectory Axis, AIJ Tests

3 SUMMARY OF TEST RESULTS AND DIS-
CUSSIONS

Figure 4 summarizes temperature field measured at
several of the AlJ tests. The inclined straight line
in each drawing demonstrates the trajectory axis of
the plume estimated from the maximum temperature
at each distance. Interestingly, the trajectory axis is
practically straight, and is found not to be very depen-
dent on test conditions including wind velocity. The
height for the maximum temperature rise at each dis-
tance z, z,, has been summarized as a function of z as
shown in Figure 5. The angle of the trajectory axis,
¢, was between 30° and 35° and tan ¢ was approxi-
mately 0.6 ~ 0.7 independent of the size and wind ve-
locity. This tendency has also been confirmed by the
BRI tests. However, the plume stops to rise or even

starts to decline in the far field. say for z/H > 30 in
the AIJ tests where H is the height of the fuel. At
the BRI tests, the plume started to decline even ear-
lier, at around z/H = 20. Further analysis has been
made using another parameter, (z/L;)(R/U). where
L, is the horizontal length of fuel in the wind direc-
tion and R is the mass consumption rate of fuel per
unit area. zp,/L, where L, is the fuel height has been
correlated against (z/L,)(R/U) as seen in Figure 6.
R was estimated from the weight of the cribs mea-
sured before each test and the time from ignition to
the autonomous extinction. z,/L, is nearly propor-
tional to (z/L;)(R/U), which suggests the following
relation for the trajectory axis angle.

Zm/T < (Lz/Lg)(R/U) 1)

Temperature along the trajectory axis, €40 Was
found to be nearly inversely proportional to the dis-
tance measured along the trajectory, z; divided by
wind velocity as summarized in Figure 7, and can be
approximated by

Omaz/Le o ($t/U)_l (2)
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The results of the research projects introduced in
this report were applied to the design of the Shirahige
Disaster Mitigation Position in the Koto district of
Tokyo in 1970’s: which consists of a large refuge on
Sumida River and wall-like high rise apartment build-



ings between the refuge and urban blocks.

Figure 7 Relation between Temperature on the Tra-
jectory and Distance along the Trajectory
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Photo 1 BRI FY 1970 Test-A Arrangement(before

ignition).The small cribs behind the Test-A cribs are
for Test-B.
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Photo 2 BRI FY 1970 Test-A(just after ignition)





