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Japan and the surrounding sea area cover about 1/200 of the earth
surface, but about 10% of the world's earthquakes occur in this area. Japan
is an earthquake country. The number varies, but between 500 and 1000
earthquakes occur in a year which are strong enough to be felt, and
earthquakes strong enough to cause serious damage occur roughly once in
every two years.

Fig. 1

The reason why there are so many earthquakes in Japan is explained
by the plate tectonics theory as follows. At the edge of the Eurasian plate,
the Pacific and the Philippine plates subside, and the three plates meet
near Tokyo. As the Japanese Archipelago is located where the three plates
run against each other, there are active crustal movements beneath it,
which creates many major earthquakes and volcanoes.

Fig.2
Fig. 8

Topographically, about 70% of the land consists of mountains and hills. r;, 5
Many people live on coastal flatlands or in basins and valleys in '
mountainous regions of the remaining 30%. Major cities are located on
alluvial plains near seashores. Traditional Japanese houses were one- or  Fig.6
two-storied wooden ones, using the abundant wood provided by the
mountain forests. Most modern houses are also of this type. Therefore,

Photo 1

damage from earthquakes includes the collapse of houses caused by Photo 2

shaking as well as fires, tsunami, and damage from landslides. Photo 3
Table 1|

Photo 4

Tokyo suffered several major earthquakes in the past. The Great Kanto
Earthquake which occurred in 1923 caused the most severe damage in this
century. Around noon on September 1, an earthquake of magnitute 7.9
occurred with its epicenter about 80 km. southwest of the center of Tokyo. ;. 4
The south Kanto region including Tokyo suffered an earthquake of 6 on the
Japan Meteorological Agency Scale. The number of dead and missing
reached 140,000, mainly in the Kanto region. In Tokyo alone, the number
was 60,000. In the case of Tokyo, right after the earthquake, fires broke
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out at more than 100 places, and it took about 48 hours to completely
extinguish them. During these hours, the eastern half of the city of Tokyo
was burnt down and a large number of people were killed in the fires.

As stated above, Japan has many earthquakes, so it has long been
engaged in research into earthquake damage and preventive measures. Table 2
Buildings must comply with earthquake-resistance regulations. Until 1963
when the technology was developed to construct high-rise buildings
capable of withstanding earthquakes,, the height of buildings was
restricted to about 31 meters. The Japan Seismology Society, which was
establised in 1880, was the world's first academic society to specialize in

seismology. Today research on earthquake prediction is supported at a
national level.

Moreover, rapid urbanization since 1960 has created new types of
potential earthquake damage. Deltas and hill areas, which would not have
been used in the past, have been built on. Urban life styles now depend on
"lifeline" supply systems, and sprawling residential districts have been =~ Table 3
constructed in remote regions which require long-distance commuting.
Despite this, and with the constant threat of another earthquake as large as
the Great Kanto Earthquake, Tokyo still remains the capital of the country
and Japan's largest metropolis. What would become of Tokyo, if a severe
earthquake struck it? What should we learn from the earthquake damage
in the past? How should we prevent future damage?l
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i Table 1
BANELIBRIL DRENL CDER

Number and major couses of deaths due tc earihquakes in Japan

W B 2 | /Wise of the Earthquake REE [ on-r | REN (TuRE) / Namber of Deaths (Major Causes)

i Year |Wagnitude
BXH / lenkoji~Temple 1847 §.9 | B.300 (KR -mh) /8.800 (Fire, Landslide)
FB (WA - WR) Ansei-Tokai & Ansei-Nankai 1854 8 Bl (kaw) /Kany (Great Tsunami)
KROP / hnsei-tdo ' 1855 7 L8000 E (KK H) / Wore than §.000 (Great Fire)
L1 / Kobi 1891 80 | 7.835 (RNOW - X®) /71.835 (Structural Collapse, Fire)
ZERd (g / Sanrixu-0ki{-Tsunami) 1896 8.5 ? 27,0001k (KERE) /More than 17.000 (Great Tsunami)
MM (AWML Lanto, Great Kaato 1923 1.8 140, 000kLE (KK) /More than 140,000 (Great Fire)
LR & /Kita-Tanga 1821 1.3 29008k (k%) /More than 1.300 (Fire)
Eme(ma) / Sanriku-0ki(-Tsunami) 1833 5.1 J.000K E (Kim@) /More than 3,000 (Great TsunnL
AR / Tottori 1343 1.2 B 1000 ASE) / About 1,008 (Structural Collapse)
%iN& / Tonaakai 1944 1.3 ¥ 1.000 (X&) / hbout 1,000 (Tsunami) 1
== /Nikava ' 1945 1.1 » 1,000 (RISE) / About 1,008 (Structural Collapse)
(1] / Nankai 1948 3.0 B 10 (me) / About 1,480 (Tsunami) ]
- ¥ / Fukui 1943 1.1 £ 3.900 (K3 / About 3.908 (Fire)
ikl ; /Miigata 1964 18 % (hikd) /16 (Small Tsunami)
+ / Tokachi-0ki 1368 1.9 5t (hae) /51 (Small Tsunaai)
PREERSE / lzu-Hanto-0k i 1974 [ 30 (EMN - Lmn) /30 (landslide)
PaARER / Tzu-Oshima-Kinkai 1878 16 1% (EMN - LK) /16 {Landslide) ]
ZTRmie / ¥iyagi-Ken-0ki ' 1978 1.4 B (7o, 7 WORM) /18 (Collapse of Block Yall) |
R L /Nihon-fai-Chubu 1983 11| 4 (R /104 (Tsunami)
EVRER / Wagano-Ren-Seibu 1934 68 | 29 (MO WMR) /29 (Landslide)

RECLEHER, KRCRAKEZISUHIERIZPUG,
EThe nusber of deaths is usuvally swall unless fire or tsunami occurs )
AkRi2, HL5BEOLEN, HIBMULOEE JARX 6~NTRABTIZRAS

3 - Y . . . N . .
(Severs fire occurs only when a considerably wide area vidrates strongly., JMA seismic intensity & or 1)

Hakuno(1992) p,120

X b o7 B (Etorofu T -Oki. 1958 & 1963, M3.1)

“a
RFHRA P E Nemuro-Hana -Oki. 1973, M7.4)

48 i g (Shyakotan-Hantsr Oki, 1940, M1.5)

£ %K (Oga. 1938, M6.7) \O
B A #P 58 % (Nihonkai-Chibu, 1983, M7.7) 4

8 K (Niigata. 1964, M7.5) \
75 1 35 o2 ( Nishi-Saitama. 1931, M4.8)
P, & ML A (Zenkoji, 1847, M6.9)
5 %2 3 st B (Daishoji, 1952, M6.3)
§59) i R (Fukui, 1948, 7.1
L% i e R (Kita-Mioo, 1961, M7.0)
W R (Nobi, 1891, M8.0)

R MK (Hamada, 1872, M ? )

¢

0 i (Nankai, 1946, A/8.0) 0K

4t 7 B (Kita-Tango. 1927, M73) /
: 7
{8 % R (Tajima, 1925, M638) L TR T
KRR (Tottori, 1943,M7.2) T ER é“"’

Q\é wWOLOHRE

AR B &8st R (Boso- Oki. 1953, MT7.4)

PR R (Grear Kants, 1923, M7.9)
L)
b R (Kita-1zu, 1930, MT.3)

Z B (Mikawa, 1945, MT.1)
XK 1 1 (Tonankai, 194, M19)

=\
(Yoshina, 1952, M68) % “%
19
8 Ml 21\
¢ M=T-1S5O LB ECRE CAEN
(Earmquaku of magnitude ) s\%
| 7~135 ctien take place here. :\\%
&zf' //’ B R BIeK Kikaijima. 1911, M8.0) %\i"
/ z
//
rd

'
(19524 %)
O -8 P I E (Tokachi-Oka. 1952, M82)
{19684 11 )
\, -+ B it it & (Tokachi-Oki. 1968, A/7.9)

Ziei it & (Sanciku-Oki, 1833, M8

E kes of magunitude
; BM=7~75 ¢ (73??3:ue°’{alm here. )

> {Sagami Trough)

. ARMTETAUR-PERORETHL 1S
F 18. 4 Arsas where large of medium earthquakes occurred w Japan
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Table 2 : History of Countermeasures against Earthquake Disastres
Major Countermeasures against iStandards Lav of Building ‘F.arthquake Prediction lisaster Prevent Measures of T.M.G.
Earthquake Earthquake Disastres . i 1 T.M.G.=Tokyo Hetropolitan Government)
1 i d
1891 Nobi E. ; ; i
18921 *Investigative Committee against Earth/ : X
-quake’ established ( National Research; ) i
of earthquake disaster started) X : )
1920 1" Urban Building Law' enacted ) !
+ (Building hight limit was 3ia) ' !
1923 |Great Kanto E| ) i i
1924 " Urban Building Law’ amended (provided ! :
iStandards for Eartquake Resistence) J
1825 * Barthquake Research Institute’ ' : X
established in Tokyo University 1 1 |
1944| Tohnenkai E. N ! N
1945 Mikawa E. i I '
1946 | Nankei E. ! ! '
1947 1Strengthened Standards for Earthquake |
' Resistance, ‘
1948 | Fukui E. 1 ! :
1950 " Standard Building Law’ enacted : X
+ (instead of 'Urban Building Law’) 1 '
1961 *Disaster Countermeasures Basic Act® | ' )
promulgated! ' '
1962 : X \"Commitiee for Disaster Prevention of
i ! ' T.M.G. established
1963 \Building Hight Limit was abolished | : ‘
1 (Building of 147m constructed) !
1964 Niigata E. . X \* Earthquake Department’ established on the
" Earthquake insurance’ started ! ! 'Committee for Disaster Prevention
1965 X \"Farthquake Prediction Plan’started |
1968 | Tokachi-oki E ! ! '
1969 , , 'Coordinating Committee for Earthgquake X
! Prediction’ estabhshed'
1970 : . *Area of Intensified Specified .
: ! '0bservation’ designated !
1971 *Essentials of Earthquake Counter- | ) " Metropoliten Earthquake Disaster Preven-
measures for Larger Cities’adopted at ! X 'Lion Regulations’enacted
Central Disaster Prevention Council | !
1975 ' ! g 1st Report of Survey of Area Vulnerability
1978 {Hiyagi-ken~ |'Large-Scale Earthquake Cuuntemeasure' ) \0fficial designation made of’ Area under Assesaent’ presented
oki E. Act’ prosulgated. : \Intensified Measures against Tohkei- |
.Hurl.hquake -Disaster’ 1
1981 "*New Earthquake Besistance Design ! :
1984 \Method' developed & *Building Standards . i*2nd Beport’ presented
1993 :l.au amended '. ; 3rd Report’ presented
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No casualties from structural collapse
in Japan, recently
Japanese buildings are so resistant
against earthquakes that they scarcely
collapse, and even il the collapse
should happen. no one has been killed
for the last 30 years. You seldom get
injured so long as you hide yoursell
ander a desk. This is the damage in
y ; / R Oroshi-Cho, Sendai City. (Mivagi-Ken-
: : : Oki Earthquake. Japan, 1978)
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Apartment building tifts slowly

As we can guess from the name of
the town, Kawagishi-cho (Riverside
Town in English), the ground is made
of soft and loose soil carried by the
Shinano River. This ground was
liquefied duc to the earthquake.
Apartment houses without long piles
foundation inclined severely. But, as
you can see, there are no cracks on the
walls of the houses. These buildings
were not inclined by severe vibration
but by softening of the ground due to
liquefaction. The inclination took a
long time(about ten minutes according
to the residents). Therefore, there were
no victims in this case.
(Niigata Earthquake, Japan,]964)
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B CYRPL LT i— ¢ Apartment building tilts slowly
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Highly concentrated wooden houses
in Setagaya, Tokyo
In World War 1I, no bombing raids
have been made on Setagaya Ward,
Tokyo, which was once called
“Setagaya Village” when the Great
Kanio Earthquake of 1923 occurred.
The narrow roads hardly allow the
passage of fire engines through most of
the areas. It worries me that fires after - : . . e i
an earthquake might break out because Lo an e Tk S R A s s O 2 Pk B
wooden houses stand close together in XBHRBOTEY 6M&&m»’a‘ﬂ Highly concentrated wooden houses in Setagaya, Tokyo
these areas as you can see in the photo.
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(Nihonkas-Cinby Farthquake Japan. 1983)

Photo 4 Hakuno(1992) p.132

BMOEEL 1771 A ORERBEOLILE Table 3 Comparson of damage to buldings and Lo lifelne systems
REE | 4.4 | AOEE B .37 % a & A X & #HoR

Nage of the Earthquake Year Iagnitudelﬁunan Loss|Buildings| Roads {RailwaysiElectiric Supply|V¥ater Supply|Gas Supply
BASPH . PHE v i

Nihon-Kai-Chubu 1983 1.1 104 | Moderate] x | x| x x \ 3
ZRAS PHE l

Miyagi-Ken-0ki 1978 1.4 28 Moderate] X X X X X
PIXBGGE PEE

12u-Oshina-Linkai | 1978 1.0 26 | Moderate] x | x| X x bo-
KARDE ] | &8 E | }

Ohita-Ken-Chubu 1975 6.4 0 - Moderate; x X i X X -
Fa¥Be BRE

{zu-Hanto-0ki 1974 6.9 39 Moderate] x PaN X X X
RELR _ i hEE | §

Nesuro-Hanto-0ki 1973 1.4 | 9 Slight I X ; X X X -

*ﬁ(Servxce or supply eas dxsrupted )
{3 ‘D‘JIJL Lo¥

The servlce #3s not disrupted because the area is far froa the epicenter of the earthquake )
cH A /Xrl.ﬂ";D‘vf'(!n this area and at that time, there was no gas Supply svstam )

Hakuno(1992) p.14l
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Activities : Chapter 1 Section 4
Earthquake Damage in Tokyo

1. Background

Study the vulnerability of Tokyo to earthquakes and possible damage
from an earthquake disaster of today and consider counterplans, based on

natural conditions in the 23 Tokyo wards and on the damage caused by the
Great Kanto Earthquake.

2. Objectives

(1) To understand why Tokyo is hit by many earthquakes. (place)

(2) To understand the relationships between Tokyo's topography and
earthquake damage. (relationships)

(3) To forecast earthquake damage to Tokyo in its present state.
(region)

(4) To consider measures that Tokyo should take against earthquakes.
(region)

3. Required time
Two hours

4. Situation

A person newly employed by the Tokyo government has been
assigned to produce plans for earthquake counter measures. He studies
Tokyo earthquakes and considers measures against an earthquake.

5. Materials

(*-marked ones can be deleted in case of lack of space)
Figure 1: Blank map of Tokyo's 23 wards

Document 1: Land Forms and Subsurface Geology in Tokyo
Document 2: A Short History of Earthquake Disasters in Tokyo

*Figure 2: Seismic Intensity Distribution at the Great Kanto Earthquake
Figure 3: Present Status of Tokyo -

a. Population Density

b. Population Ratios of Daytime and Night-time
¢. Rado of Unoccupied ground

d. Ratio of Wooden Buildings
*e. Rado of Factories and Workshops

i ~AP1-



Figure 4: Flow Diagram of Earthquake Vulnerability
Table 1: Vulnerability Rating by Individual Wards
Table 2: Calculated Damage of the Expected Earthquake

6. Activities

" Introduction: Let's learn about the topography of Tokyo's 23 wards.

(1) Read Document 1 which explains Tokyo's topography.

(2) Locate the following rivers and the Imperial Palace which are
mentoned in Document 1 on Figure 1, and color them.

Rivers (blue): The Sumida, Naka, Edo, and Ara Rivers
Main points (red): Imperial Palace (JR Tokyo Station)

(3) Note that topographically Tokyo comprises the eastern Tokyo
Lowland and the western Yamanote Upland, using the map in
Document 1.

(The boundary is the Imperial Palace (JR Tokyo Station) and the
Keihin Tohoku Railway Line which runs north to south.

Development 1: Study past earthquake disasters in Tokyo in Document 2.
(1) From 1615 to 1923, how often did a major earthquake occur on
average’
(Six big earthquakes occurred during the 308 years, so about once
every 50 years on average.)
(2) What are the two types of earthquake causes?
("transform fault type" and "direct-hit type")
(3) Study specifically about the Great Kanto Earthquake.
a. What are the relationships between the intensity distribution of
Figure 2 and the topography?
(The intensity was greater in the Tokyo Lowland)
b. What are the features of its damage?
(Fire claimed a large number of lives.)

Development 2: Think of earthquake disasters, considering the present
status of Tokyo.
(1) Think what kind of dangers can be expected in what places,
referring to Figure 3.
(2) Confirm the vulnerability of Tokyo by studying the earthquake
damage flow diagram
( F,'gum 4) that the Tokyo Metropolitan Government made.
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(3) Make one distribution map of vulnerability of expected

earthquakes.
Color the vulnerabilities of one of the below on the blank map

(Figure 1), and confirm its distribution, using the data given on

Table 1.
a. building risk b. fire risk
C. human risk d. evacuation risk
(4) Consider expected earthquake damage, based on the vulnerability
distribution map and the Vulnerability Rating by Individual Wards

(Table 2).

Conclusion: Discuss what measures Tokyo should take against possible
earthquakes.
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Landforms and subsurface geology

Topographic conditions of Tokyo are charac-
terized by two different landforms; the
. Yamanote Upland and the Tokyo Lowland. The
Yamanote Upland is 20 to 50 m in height and
consists of terraces. The highest terrace is a
coastal plain which was formed during the last
interglacial age. Lower terraces are composed of
alluvial fans which dissected the highest terrace
as sea level lowered toward the last glacial age.
The Tokyo Lowland was one of the inlets
which were located around Tokyo Bay 6,000
years B.P. at the highest stage of sea level of the
postglacial transgression. The inlet was buried
by deltaic deposits supplied by the Ara River,
Tone River and also other rivers. In addition, the
southern part of the Tokyo Lowland was en-
larged by reclamation after the 16th century. Be-
cause the Tokyo Lowland is composed of a
deltaic lowland and reclaimed land, its original
ground height is less than 2 m.
" The deltaic materials deposited in the inlet are
- of Recent geological age, which means the latest
Pleistocene to Holocene strata formed after the
lowest stand of sea level between 15,000 and
20,000 years B.P. They are divided into two
members, upper and lower, by a sandy interca-
lation at a depth of 20 to 40 m. Lithofacies of
the lower member are characterized by alternate
layers of sand and clay. In contrast, the upper
member is composed of a homogeneous thick
clayey layer overlain by a sandy layer. The clayey
layer is very soft and the sandy layer is loose.
The thickness and the lithofacies of the Recent
formation are affected by the buried topography
beneath them. The buried topography can be
classified into three types; two buried abrasion
platforms, 10 m and 20 to 30 m in depth; two
buried river terraces, 30 m and 40 to 50 m in
depth; and a buried valley floor 60 to 70 m in
depth. The deepest buried valley floor is located
in the central part of the Tokyo Lowland whilst
the buried abrasion platforms fringe the uplands.
The buried river terraces develop between the bu-
ried valley floors and the buried abrasion plat-
forms. That is, the Recent formation is thickest
in the central part of the Tokyo Lowland and
becomes thinner toward the periphery.
Detailed discussion on the sedimentary histo-
ry and distribution of the Recent formation
around Tokyo Bay was done by MATSUDA
(1974) and Kaizuka et al. (1977).

s

Three big rivers flow over the Tokyo Lowland
and into Tokyo Bay. One is the Ara River and
the other two are the Naka and Edo Rivers. The
lowest reach of the Ara River is called the Sumi-
da Riveri The Naka and Edo Rivers were the

" lower reach of the Tone River until 1621, when

the flow in the Tone River was directed east to
the Pacific Ocean (MaTsuura, 1989). Figure 1
shows rivers and canals on the Tokyo Lowland
in the 1880’s. Several sheets of the *‘Jinsokuzu’’,
which was the first formal topograhic map pub-
lished in Japan, were consuited to make the
figure.

The Imperial Palace, which was the former
Edo Castle, is located at the eastern edge of the
Yamanote Upland. A densely built-up area de-
veloped along the Sumida River and was com-
posed of residential wooden houses and facilities
for commercial activities. A network of canals
existed for ship transportation. Most of the
Tokyo Lowland was used for agriculture. Pad-
dy fields occupied a broad area along with scat-
tered small villages.

. Tokyo Lowland in the 1880’s.

I: Densely built-up area; 2: Yamanote Upland (west), Shimofusa Up-
tand (east), }: Smail rivers and canals.
C: kmperial Palace

Document 1:Landforms and subsurface geology of Tokyo
:Matsuda(1990)pp.109-110
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Document 2:A Short history of earthquake disasters in Tokyo

‘Matsuda(1990)pp.111-112

Usami (1976) detected 37 earthquakes which
shook Tokyo at an intensity of 5 or more on the
Japan Meteorological Agency (JMA) Scale be-
tween 1595 and 1975. An intensity of 5 on the
JMA Scale is nearly equal to that of 8 on the
Modified Mercalli’s Scale. Among the 37 earth-
quakes, the 6 earthquakes of 1615, 1649, 1703
(the Genroku Earthquake), 1855 (the Ansei Edo
Earthquake), 1894 and 1923 (the Great Kanto
Earthquake) respectively recoreded an intensity
of 6 on the JMA Scale and caused deaths, inju-
ries and destruction of buildings (Table 1).

Major earthquakes in the Kanto area usually
originate in and around the transform fault along
the eastern edge of the Sagami Trough, which
stretches from Sagami Bay to the waters south
of the Boso Peninsula. The magnitude (M) of the
Genroku Earthquake of 1703 was 8.2 on the
Richter Scale and that of the Great Kanto Earth-
quake was 7.9. These earthquakes are called
“transform fault type earthquakes’.

The Ansei Edo Earthquake (M =6.9), and the
earthquakes of 1615 (M=6.4), 1649 (M =7.1)
and 1894 (M = 7.0) were less in intensity than the
transform fault type earthquakes. Nonetheless,

they inflicted devastating damage on Tokyo be-

cause their foci were directly under the metropo-
lis. Such earthquakes are called ‘‘direct-hit type
earthquakes’ (Nakano and Matsupa, 1984).

Damage was especially extensive in the Ansei
Edo Earthquake.of 1855 and the Great Kanto
Earthquake of 1923. About 10% of dwelling
houses were destroyed and the number of peo-
ple who were crushed to death by collapsed struc-
tures reached about 10,000 in 1855. About 50
fires broke out and burnt 220 ha of a city area.
The victims of fires, however, were not large in
number (Tanume et al., 1977).

The Great Kanto Earthquake claimed the lar-
gest number of deaths and damage ever caused
by a natural disaster in Japan. While the total
number of dead and missing reached about
143,000, about 104,000 people were listed as in-
jured. Approximately 128,000 structures were

demolished by the shock and as many as 447,000
structures were lost in fires (Imperial Earthquake
Investigation Committee, 1925a).

Tokyo was especially damaged by fires. Soon
after the shock, 129 fires broke out simultane-
ously, and 76 of which spread over large area.
They continued to rage for 40 hours, scorching
44% of the city area. About 60,000 people (2.4%
of the total population of Tokyo City) were lost,
and about 366,000 dwelling houses were burnt
out. Fires were to blame for 98% of destroyed
houses.

The causes of death were clarified for 58,481
persons. The majority, 89.2%, were burnt to
death. Although 9.2% of them were drowned,
most of the drowned persons dived into the water
in order to escape from the fires. The number
of people who were crushed to death was only
788, equaling 1.3% (Imperial Earthquake Inves-
tigation Committee, 1925b).

Earthquakes that have shaken Tokyo at the intensity of VI on the JMA Scale since 1600.

Date of Qccurrence Type . Magnitude (M) Number of Dead Number of Lost Houses
26. 6.1615. D.H.T. 6.4 Many Many
30. 7.1649. D.H.T. 7.1 Many Many
31.12.1703. T.F.T. 8.4 Many Many
11.11.1855. D.H.T. 6.9 ca. 14,000 ca. 10,000
20. 6.1894. D.H.T. 7.0 22 24
1. 9.1923. T.F.T. 7.9 60,120 370,148

D.H.T.: direct-hit type; T.F.T.: trnusform fault type.

Number of dead and lost houses are recorded in the old Tokyo City arca only.
Data source: Usam (1976) and Lmperial Earthquake Investigation Committce (1925a).
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To assume the expected sarthquakes

4. The Great Kanto Eerthquake of 1923

M=7.9; The maximum accelaration of incident wave }s 100gal

b. The Ansei fdo farthquake of 1855
M=B.9: The maximum accelaration of

incident wave is 60gal

I

To make ground shaking hazard maps

To maue fire hazard maps

To mske meps showing elements relevant to evacuation

. Soi) types

. Maximum ground surface velocity
. Vulnerability to liquefaction
Vulnerability to stope failure

RS —

1. Numoer of fires breaking out
2. Spreading velocity of fire
3. Capacity of fire fighting

. Distance to the designated refuge site

. Evacuation cpeed

. Travel time required to reach tre designated refuge site
. Number of evacuees

PUEXE R

T

o

survey butliding distribution

of stories, age, etc.
2. Total floor arsa
3. Bullding-to-land ratio

1. Number of buildings by structure, use, number

T

1

|

To survey population distribution

1. Nighttime population by age and sex
2. Daytime pooulation by age and sex
3. Population during commuting hours

1

[

To assess risk for buildings
due to ground shaking

To assess risk for To
buildings due o fires

assess risk for people due

to ground shaking

To assess risk for peogle curing
evacuation

1. Nuaber of collapsed wooden houses
2. Number of heavily damaged rein-
forced concrete buildings

1. Total flgor ares of 1.
builgings burnt down

Relative potential for
human losses induced by
damage to buildings

1. Tota! time necessary for that
a)l people reach the designated
refuge site

T

T

1

[lotal rick assessaent for buildings l

! Total risk assessment for neoala‘

Fig.4£ Flow Diagram of Earthquake Vulnerability Assesment
Matsuda(1893)

Calculated damage of the expected earthauake

Nighttime population 11,785,889
Daytime population 13,863,850
Estimated population {n the evening 13,876,720
Tots! nuaber of bulldings 2,396,092
Heavily damaged builbings

Wooden houses 132,787

Reinforced concrete buildings 14,029

Steal framed buildings 8,600
Dasage to road bridges 2t
Damage to water supply pipes (main pipes only) 8 X
Damage to city gas pipes 87 %
Damage to elactiictty facilities 3K
Damage to telephone 8%
Houses hurned by fires 632,616
Dead 9,363
Heavily injured 21,083
People unable to go back home 2,430,405
People met with difficulty in living 3,202,898

Table 2: Caluculated Damege of the Expected Earthquake
Matsuda(1993)
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Table 2

Vulnerability Rating by individual wards

ward

risk

Building Fire

risk

umann
risk

vacuationfombined
risk vulnerability

Combined
vulnerability 2
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w
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00|~ | 0|00 |4
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0000 [ 0 b0 |00 1 |4t | bt e

Meguro

Ota

Setagaya
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Shibuya

—
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1
2
1
2
2
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2
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8
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Adachi
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Edogawa

Ward total
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risk:1(low)~5(high)

risk for buildi

S

3
2
3
4
5
3
4

8
3
4
5
2

ng

risk for people

Tokyo Metropolitan Government(1993) pp.24-25
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RESPONCE SHEET

CLASS __ NO. _ NAME
1. Summarize the topography of Tokyo 23 wards.

2, From 1615 to 1923, how often did a méjor earthquake occur on average 7

3 . There are two types of erthquake causes at Totyo. What are the two types
of eathquake causes?

4, What are the relationships between the intensity distribution of the Great
Kanto Earthquake and the topography?

5, What are the features of the Great Kanto Earthquake's damage?

6 . Think what kind of dangers can be expected in what places, reffering to
Selected Figure's name Figure 3(the present

status of Tokyo).

7 . Make one distribution map of vulnerability of expected earthquakes.

kind of risk which made caption 4:=< :red
risk 3-4 :orange
2-3 :yellow
1-2 :light blue
<=l : blue

8 . Consider expected eathquake damage, based on the vulnerability

distribution map and the Vulnerability Rating by Individual Wards(Table 2).

9. Discuss what measures Tokyo should take against possible eartquakes.
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