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Abstract

Damage estimation and disaster prevention plan for Nankai megathrust earthquake which occurrence is assumed in the
future have been carried out by cabinet office of Japan lesson from the huge human damage caused hyithe tsuna
generated by The Great East Japan Earthquake in 2011.In damage estimation, buildings, infrastructure, and human
damages for earthquakes and tsunami disasters is evaluated separately. Also, to evaluate the maximum case for each
damage, several kinds afenario earthquakes have been selected. Usually, buildings and infrastructure damage is large
for a large earthquake On the other hand, human damage is significant for a tsunami occurred by a large earthquake
which is different from the earthquake evaluhfer the building damage. However, for coast areas on land and islands
close to hypocentral region, damages of buildings and human may be the maximum for common scenario earthquake.
To evaluate total damage in the area locating near epicenter, humanedantaguildings damage for a common
scenario earthquake become tarbportant

For evaluation of human damage in evacuation from a tsunami, evacuation route is usually assumed to be had no
damage from earthquake. Many studies and disaster preventidmes loumban damage in evacuation from tsunami have
not considered hazards of evacuation route such as-Bloeghdes caused by destroy of buildings and liquefaction of
the ground. The streblockades caused by destroy of buildings along the street captessed by using the fragility
corves of buildings. When evacuation routes are changed by theldtregetdes, configuration of the human damage in
evacuation from a tsunami seems to be different in the damage without thdlstickaties.

In this studyevaluatios of human damage in evacuation from tsunami considering $tieetades icarried out
fora common earthquake. The authordéds proposed evaluatior
of tsunami rurup speed and walking speesiused in the evaluations. The evaluation method is extended to
evaluation method considering the effect of the stoémtkades. The streblockades is assumed to be occurred by
destroy of buildings by large earthquakes. The human damdbe evaaoation from tsunamand the streeblockades
are evaluated by using areede mesh. The areaide mesh is used to evaluate an overview of the human damage in
the evacuatiorfrom tsunamiunder the stredhlockades from a view point of maeperspective. Thevalking speed and
tsunami rurup speed are assumed to follow the normal distribution. The reliability evaluation method for structures is
applied to the human damage the evaluation of the human damadeway of thinking of the decrement of the
walking speed by the streelockade is also shown. The strbétickades of evacuation routes is evaluated by using
fragility curves of buildings for earthquakes. Using the proposal evaluation method, for an area close to hypocentral
region, the difference in coiguration of the human damagme evacuation from tsunami considered the effecthef
streetblockades is shown. Moreover, the decrement effect of the human damage by evacuation awareness of people and
new designation of tsunami evacuation facilities scdssed.
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1. Introdu ction

To estimate the maximum damage for area, large natural disasters due to earthquakes and tsunamis are use
to simulate damage @diction. Damages of buildings and infrastructure are usually large for a large
earthquake. Human damage is significant for a tsunami. The tsunami occurred by a large earthquake is
usually different from the earthquake used for evaluation of building danmlagcoast areas close to
hypocentral region, damages of buildings and human seem to be the maximum for a common scenario
earthquake. To evaluate total damage in the area locatingpieantey human and buildings damages for a
common scenario earthquekecome to be significant. For evaluation of human damage in evacuation from

a tsunami, evacuation route has been usually assumed to be had no damage from earthquake.

Many studies and disaster preventions on the human damage in evacuation from tsuaamait hav
considered hazards of evacuation route such as -btomdtades caused by destroy of buildings and
liquefaction of the ground. When evacuation routes are changed by thékiokeres, configuration of the
human damage in evacuation from a tsuns@a@ms to be different in the damage with no stokmtkades.

The authorgl, 2, 3] have proposed an evaluation method of the human damage taking account of variances
of tsunami ruaup and walking speeds. Moreover, the autl@fdrave been extended theadvation method
to the method considering the strb&ickades.

In this study, an evaluation method of human damage in evacuation from tsunami considering street
blockades is presented. The evaluation is carried out for a common scenarietyipenearthgake. The
variances of tsunami ramp and walking speeds and the effect of the stikekades are considered in the
evaluation method of human damage. The stikmikades of evacuation routes is evaluated by using
fragility curves of buildings for eartfuakes. The human and buildings damages are evaluated by using area
wide mesh. The damages are evaluated for a real area close to hypocentral region. In the evaluation results,
the difference in the human damage distribution by the diteekades is show Moreover, the decrement
effect of the human damage by evacuation awareness of people and new designation of tsunami evacuation
facilities is discussed.

2. Evaluation method of human damage
2.1 Evaluation flow of human damage

The areawide mesh is usedatinvestigate of overall picture of the human damage including the effect of the
streetblockades from a view point of maep&rspective. Population composition, height above sea level,
tsunami inundation depth, and seismic intensity are set up for eathlrased on data of a real area. The
population, the height above sea level and tsunami inundation depth is introduced of GIS (Geographic
Information System) data.

Evacuation route from an evacuation mesh to an evacuation facility is defined as thdormythe
mesh. Evacuation distance including difference of elevation between mesh is assumed to be 1.5 times of
length of plane distance. The human damage probability is evaluated by using relation between evacuation
time and tsunami arriving time afterrdajuake occurrence. The human damage ratio can be obtained by
tsunami fragility curve[5]. The streeblockade is evaluated by using the fragility of buildings for
earthquakef6]. Decrement of the walking speed is determined by effective sidewalk Widiim. the above,
the evaluation flow on the human damage in the evacuation from tsunami can be shown in Fig.1.

2.2 Assumptions in evaluation

In this study, the following assumptions are used to the evaluation of human darttegevexcuation from
tsunami:

1) The human damage is counted when a person is caught up with tsunami.

2) The human damage is only caused by the tsunami. The damage is not caused with the damage of the
buildings.
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Fig.11 Evaluation flow of human damage in evacuation from tsunami

3) The evacuation direction is not toward to coast.

4) The evacuation is only walk. Gidewalk is only permitted in evacuation because roadway is crowded
by automobiles.

5) The evacuation area and the evacuation facility are designated for each evacuation mesh.
6) The evacuatin areas are out of tsunami inundated area.

7) The facilities have no damage from earthquakes and tsunamis.

3. Evaluation method of human damage
3.1 Human Damage Probability

In this study, the reliability evaluation method for structyi@sis applied to theevaluation of the human
damage. The human damage probability in this study is defined by a function of tsunami arriving time from
earthquake occurrence and evacuation time. The tsunami arriving time and the evacuation time are assumed
to follow the normaMdistribution. The tsunami arriving time is divided into the tsunami propagation time in

the sea and the inundation time on land. The time of tsunami on land and the evacuation time can be
evaluated from tsunami rep speed and the evacuation time, repely. For evaluation of the tsunami

run-up time, the variation of the reup speed is considered. For evaluation of evacuation time of evacuee,
the variation of walking speed is considered.
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The evaluation method of the human damage probability in tinity $6 shown in the following-et
thetsunami influence function is represented by using relation between the tsunami propagatinguand run

time Fr and the evacuation timee is defined The function can be repreged by the following equation.
F=F-Fe (1)

where, the evacuation time: is the normal random variable with mean valmeand standard deviation
Se. The mean valuen: is sum of the timg, from earthquake occurrence égacuation start and the time
tw from the evacuation start to completed. The mean value can be represented by the following equation.

m =t +ty @)

where, the completed evacuation tifge is the normal distribution with mean valus, and standard
deviations, . The completedime can be obtained by the relation between walking speed amihgn
distance.

The tsunami propagain and runup time Fr is the normal random variable with mean valeand
standard deviatiosr . The mean valuen can be obtained by tleam of tsunami propagati time ts from
earthquake occurrence and tsunamiupntimet, from coast to an evacuation mesh. The mean vajue
can be provided as the following equation.

m =ts +t, (3

where, the tsunami rump timet, is the normal distribution with the mean value and the standard
deviations .. The mean value of the tsunami fup speed is evaluated by usirg tequation of the fluid
speed defined by the tsunami inundation d¢@thin this study, average tsunami inundation depth from the
coast mesh to the evacuation mesh is considered. The standard deviation ofufnspead is used by the
geometric standd deviation which indicates the adaptation between tsunami height marks on land and
tsunami simulation resul{9].

The probability of the human damage in the evacuation from tsunami can be provided the following
equation.

P=1-F&"8 (@)
¢Se~
where, F is the standard normal distribution function with the mean value 0 and tlizstasteviation 1.
The functionF becomes survival probability of humdn.addition, the survival probability can be obtained
by 1- B:. The survival probabilitycurve,and the probabilitydensityfunctions of Fe and Fr areshown in
Fig.2. m and s» are provided by the following equations, respectively.

__________________ 1'0__12?6______________ fy(t)" Probability density functiorof
evacuation timé-¢.

fi(t)* Probabilty densityfunction of
tsunamarriving time F.

fev ft

fi(t)

0 epllp e €7 t(s)

(a) Survaival probability curve (b) probablity density curves &k andF+
Fig.27 Survival probability curve of human in evacuation from tsunami
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m=m- m %)

5p=\/5'r2 +5E2 (6)

3.2 Decrement ratio of walking spe by streeblockade

In this study, the stredtiockade is assumed to be caused by completely destruction and partial destruction of
buildings. The destroy ratio can be obtained by using fragility of buildings for wooden angonden
structures[6] shown in Fig.3. The partial destruction ratio is also obtained by a difference completely
destruction number and partial destruction number of buildings. The-Skoegaide ratio is evaluated for

each mesh by using the completely and partially destructioosrdEffective sidewalk width.s by the
streetblockade of each mesh can be ateal from the following equation.

W = (1- Ry )W, (7

where,W; is the sidewalk width in normal pericghd Ry is the streeblockade ratiorepregnted by the
following equation.

’é 1.28D,, (V\/S < 3m)
R, ={0604D, (3m¢W, <55m) )
0.194D,, (5.5m<W, ¢13m)

where, Dy, is the destruction ratio represented by the following equtiop
Dw =D, +D, /2 (9)

where, D, and D, are the completely and the partially destruction ratio of buildings, respectively. In
addition, the completely destruction number of buildings can be obtained by multiplying and the number of
buildings. The partially destruction mber of buildings can be also evaluated by difference between totally
destruction number of buildings and the completely destruction number of buildings.

Decrement of the walking speed is assumed tprbportional to the effective width of the side walk.
The decrement ratio of the walking speed may be expressed by using consideration of the decrement ratio of
walking speed of crowded with peoglEl]. In this study, the sidewalk width is assumed tgtmportional
to the decrement ratio of the degree of crowded people per area. In evacuation, decrement of the walking
speed is not considered fdf.s more than 1.5m, the speed is linearly deteriorated with proportionslsto
within 0.5m to 1.5m and impassable for less than 0.5m. The decremenRyatiay be evalated by the
following equation.

& 10 (1.5m <W,q)
R. =108\~ 0.2 (0.5m ¢ W, <1.5m) (10)
t 0 (Wes < 0.5m)
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The walking speed in evacuatioan beevaluated by multiplyingR, and the walking speed in normal
period.

4. Evaluation of Human Damage
4.1 Evaluationconditions

The human damage in evacuation from a scenario earthgealkeated tsunami using the evaluation method
is discussednder the following conditions:

1) No streetblockade

2)  Streetblockade

3) Streetblockade and new designation of evacuation facilities.
4.1.1 Areawide mesh and population

The areawide mesh and population distribution of target area is shown in(&jg), respectivelyThe
mesh sizés 250m x 250m and the total population in the area is 26,250.

4.1.2 Tsunami inundation depth and seismic intensity

Tsunami inundation depth and seismic intensity used in this study are based on a scenario earthquake which
is Yaeyama islands southern dffse earthquake with moment magnitude scale Mw 9.0. The maximum
class of the damage in the target area is evaluated by the earthquake.

The tsunami inundation depth distributimnused the evaluation results the damage estimation of
the areaThe inundation depth distributias shown in Fj.4(c). The average inundation depth in the area is
9.46m. In addition, the maximum tsunami height is 22m and the arriving time of the first wave of the
tsunami is 16 minutesn the damage estimation

Seismic intensity of the area in the damage estimdtion scenario earthquake is\8hich indicates
in the range of greater or equal 5.5 and less than 6.0 of measured seismic intensity defined by Japan
Meteorological Agency. In the evaluation of the destruction of buildings, the upper value of the measured
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Fig.41 Distributions of population , tsunami inundation depth and buildings inveidEamesh
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Table 1i Populatiorratio for evacuation awareness
Evacuation awareness After earthquake After work Urgency evacuation No evacuation

Strong 80% 10% 5% 5%
Middle 50% 25% 15% 10%
Weak 15% 35% 30% 20%

Table 2i Starttime of evacuation
Evacuation after an earthquake Evacuation after finished work Urgency evacuation

5 min. 15 min. Tsunami arriving time

seismic intensity is used.
4.1.3 Buildings and streets

Total number of buildings in the target area is 8,087 (wooden structures: 848paden structures: 7,274).
The number of buildings on each mesh was verified by counting visually. The distributiminfildings is
shown inFig.4(d).

Street and sidewalk widths of the area were analyzed by using the real statistical data. In this study, the
street width is used the average width calculated from area and total length of the streets. As the calculation
result, the average street width is 7.3m. The sidewalk is located at both sides of the street in this study. The
sidewalk width was calculated by the area and total length of the sidewalks. As the calculation result, the
sidewalk width of one side is 1.2m

4.1.4 Evacuation behavior

Population ratio for the evacuation behavior was divided into four type: evacuation immediately, evacuation
after work, urgency evacuah and no evacuation. The division was set based on damage evaluation method
[12]. The population ratio for evacuation awareness was set up by combining the following: strong
awareness, middle awareness and weak awareness. The evacuation awarenéssthatipopulation are
shown in Table 1. The start time of evacuafimmnseveral conditionare also shown in Table 2.

4.1.5 Walking speed

The mean value and standard deviation of walking sgé@&jisised in this study are 1.34m/s and 0.167m/s,
respectivey. In addition, the mean value of the walking speed is only deteriorated by the effect of the street
blockade and the standard deviation of the walking speed is assumed to be not variable for the blockade.

4.2 Evaluation results
4.2.1 Evaluation resultsith no streeblockade

The human damage for several evacuation awareness under nblstkatle condition are shown in Fag.
The large number of the damage is shown with deéqr. The number of the damage with increasing of
strong evacuation awarendsscomes small.

The numbers of the human damage for several awareness are shown in Table 3. The human damage
with the strong awareness decreased to 38% of the damage with the weak awareness. The evacuation
awareness is large influence to decrease the hdaraage.

4.2.2 Evaluation results with stredgbckade

The numberof destruction distribution of buildings by the earthquake is shown i6.Fldie number of
damaged buildings is relatively small because of 90% of buildings arevmoten type. In this stly, the
numbes of the completely éstroyed and the partially destroymaldingsare162 and 72respectively
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Table 3i Evaluation result of human damage in evacuation from tsunami

Evacuation awareness No blockade Blockade Blockade and N.D
Strong 7,047 10,611 5911
Middle 13,435 15,672 12,734
Weak 20,908 21,593 20,712

N.D: New designated of evacuation facilities
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Fig.57 Human damage distributions in evacuation from tsunami without $tieekades

The streeblockade ratio distribution is shown in Fg.The range of the ratio is 0.02 to 0.43. The
blockade ratio becomes relatively small because the destructidmenwf buildings was small.
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Fig.81 Decrementatio distibutibn bf walking speed by strddbckade

The decrement ratio distribution of the walking speed by the blockade is shown8nTFig.range of the
ratio is 0.51 to 0.75. The ratio is relatively large for the small ratio of the-tliiskades because the width
of sidewalk in this study is narrow.

The human damages for several evacuation awareness in the evacuation from tsunami under the street
blockade condition are shown in FgThe numbers of the human damage for the blockades are shown in
Table 3. The human damegyunder the blockade condition are increased to 1.51, 1.17 and 1.03 times for the
strong, middle and weak awareness compared the results with the neblstkates. The difference
between the both results in -btbckade and blockade is significant. Tonsider the decrement of the
walking speed by the blockades is important for the evaluation of human damage in the evacuation from
tsunami.

4.2.3 Evaluation results with strdeibckade and new designation of evacuation facilities

The human damage in evacuation from tsunami by new designationnaiits evacuation facilities is
discussed under the strd#@bckades condition. The new evacuation facilities are allocated on the mesh with
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Fig.97 Human damage distributions in evacuation from tsunami with diteekades

human damage more than 300 persons. The locations of the facilities are showhQnTikig.facilities are
marked vith circle in the figure. The number of the new facilities is 13.

The human damages for several evacuation awareness in the evacuation from tsunami under the street
blockades and the new designation of evacuation facilities are shown1f. Hige overalhuman damages
become the minimum compared with the results for the other cases in this study. It can be seen that the
shortening of the evacuation distance by the new designation of evacuation facilities leads to decrease the
human damage.

The numbers of the human damage are shown in Table 3. The human damage is decreased to 0.84,
0.95 and 0.99 times fahe strong, middle and weak awareness in the results of the nebdbaeides,
respectively. It is considered that the new designation of the evacuation facilities becomes one of the
effective way to reduce the human damage.

10

© The 17th World Conference on Earthquake Engineering - 8¢c-0049 -



The 17th World Conference on Earthquake Engineering

17" World Conference on Earthquake Engineering/VCEE
Sendai, Japan Septembet 3th to 18th 220

DamagedgopulationS,Qll Number of
I i 2 \
AN ) damaged peopk
* R 3 > /‘
ERENERES - ey = ol | . 0-100
B sy P - 100-200
EELAN S s e | 200300
[ [ |®Palolel T @ | - | | 300400
p SN HoY i g Bl e W o 1 400500
1, {010 a ~ I 500600
TE e S || | New designated facility M 600
(a) Strong awareness
R Damagedpgpulatlon1%,734
N /
s B o/e AP N &
(b BRI RIS ‘0|0 o]
[ PR e E
T 1 | [»Palo® 7 =
Tolo| | Jelo {
'_b-'\ o) O” i
(b) Middle ‘awareness
Damagedpopulation20,712
o
o0 O
o
o o
o o oo
o o

(c) Weak awareness

Fig.107 Human damage distributions in evacuation from tsunami with diteekadesand new

designation of evacuatioadilities

From the above results, comation of the new designation of the evacuation facilities and increment
of the evacuation awareness can be considered the one of the most effective way to decrease the human
damage in evacuation from tsunami. However, the new designation of the evadaeilies located in
relatively high tsunami inundation depth and the evacuation method in the area where tsunami arriving in
minutes, many problems are remained to be solved such as the evacuation to upward in evacuation facilities,

water resistant dhe facilities and the evacuation planning for vulnerable people.

5. Conclusions

An evaluation method of the human damage in the evacuation from a tsunami considering the effect of the
streetblockades by destroy of buildings was shown in this study. Using the evaluation method, the human
damage was discusstat a scenario earthquake. Also, the stti@detkades occurred by destroy of buildings
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