14. Heights of Tunamis and Damage to Structures.
By Nobuji Nasu,

Earthquake Research Institute.
(Read Dec. 20, 1933—Received Dec. 20, 1933.)

Introduction. During our inspection tour of the districts that were
seriously damaged by the present Tunami we noticed the existence of
a close relation between the height of the sea water and the geographical
feature of the region affected by the scismic sea waves, and also that
there are certain limits to the heights reached by the water at which
it could cause the destruction of houses. Tor the purpose of making
clear these points it was necessary to accurately explore the inundated
area and measure the heights attained by the sea water. In the ecir-
cumstances, plane table surveys and levelling surveys were resorted no}
only to determine the heights of the water, but also to map the ge-
ographical features of the inundated regions ; the results of which form
the subject of this paper. '

In the regions that were washed by the Tunami the heights to
which they reached could be told by the indisputable traces left on the
walls and windows of the houses. The marks could be found every-
where even nearly two months or more after the occurrence of the
Tunami.

Plane table survey. We began this study by constructing maps to
large scales, such as 1/1000~1/2000. In this work a plane table 40 cm
X40cm and an alidade (not provided with telescope) were employed.
Generally speaking, in fillirg in the geopraphical details of a triangu-
lation survey by straight forward plane table work, provided care is
taken to obtain good intersections, it is known that the accuracy is
such that no point will be displaced by an appreciable amount on the

plane: ie., that the accuracy is restricted by the scale of the map being

prepared. The following is the source of error that need at all to be
considered.

The errors .due to inaccurate centering of the table may be very
appreciable for large scale maps on such occasions as when point g,
_representing station for the instrument on the map, happens not to be
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immediately above the corresponding point 4 on the ground. Thus, if
d be the horizontal displacement of a from the vertical through A in a
direction at right angles to AB, and if the length of line AB=1 al-
though that of its representation AB on the plan=1I, then the error in
the direction ab is d[D radians, and the displacement of » from its
true position relative to @ is {d[L. The maximum value of d is hardly
likely to exceed 0'3m at most, so that the displacement is negligible—
provided it is less than 1/100 cm on the map, unless of course L[l is
less than 3000. Thus, in this work the table was centered to an ac-
curacy of within 0-1m.

Levelling. The relative heights of the various points to be mea-
sured were determined with a “Y” level. The inclination of the line
of collimation corresponding to the displacement of the bubble by one

division (2mm) is 1 minute of angle. Level staves of 4 m length were

used.

In beginning the levelling, the datum plane, that is the plane of
zero height must be assumed. The mean of the heights of high and
low tide was chosen for the datum plane.

As the sea at the time of the Tunami was practically at mean sea
level, the heights measured in this way do not differ much from the
heights actually attained by the sea water.

To determine the geographical features, a sufficient number of
points were chosen, and their positions marked on the map being con-
structed on the plane table, after which the heights of these points
above the datum plane were determined by levelling. Strictly speaking,
the datum plane does not agree with the so-called mean sea level, so
that the heights of the points thus determined do not agree with the
heights given on ordinary maps, but at this discrepancy does not affect
the relative heights of the various points on the ground measured, there
is no objection to the method adopted.

The determination of the heights reached by the sea water were,
as already stated, based on marks, such as stains left on the walls, sea-.
weeds adhereing to trees, debris washed up on low hills, ete. The
heights of these marks above the datum plane were sometimes mea-
sured in two stages. First, the height of the point lying just at the
foot of the mark was measured and, secondly, the height of the mark
above that point was measured. The sum of these two heights gives
that actually attained by the sca water.

Where the Tunami was destructive, such marks, naturally were
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difficult to find, owing to houses being either washed away or de-
molished, whence it follows that in the study of damage to houses
caused by the Tunami, the present surveys were confined to places
where the seismic sea waves were not very destructive.

Contours. In this work, the contour lines are only close enough
to give a general idea of the geographical features of the inundated
aren, and to enable the reader to see to what heights the present Tu-
nami attained. On gentle slopes the contours are drawn for every half
meter, while for steep places they are figured on the map for every
meter or more. '

The surveys, which begun ‘in May, ended in June, 1933, taking 33
days in all. During this period the work was carried out at the fol-
lowing fourteen places: Kamaisi, Urcisi, Hongd in Téni, Ryoéri, Sira-
hama in Ryéri, Hong6 in Yosihama, Ryoisi, Tadakosi, Nezaki, Ogati,
Ooduti, Ando, Hosoura, Yamada. The results obtained in these places
will now be briefly described.

In the TMigures 13~26, the boundaries of the inundated areas are
shown with cross-hatchings and the area within which the houses were
destroyed with close dots. The numerals in Ttalics near the small plain
circles are heights of the measured
points from the datum plane, while
those in larger and heavier type
are the heights reduced to sea level
of the waves attained at the points
whose positions are indicated by
black circles.

Kamaisi. Kamaisi is an im-
portant sea port on the Pacific coast
of N.I8. Japan. This port sustained
serious damage in the present Tu-
nami. The section of the town
.near the sea was inundated and the
busiest part of it destroyed by the VESUA (K
fire which broke out immediately Z T{iﬁijVé
after the onslaught of the Tunami. Fig 1. Map of Kamaisi and Ureisi. 1/50,000.
The sea water here attained a height  The areas which are enclosed by thick
of about 4m. Marks left by the  lines were surveyed.

Tunami were found on almost every Northern: Kamaisi.
house that remained standing, be- Southern :  Ureisi.
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ing particularly prominent on the houses near the castern end of the
town, where the surveys for this region were made.

Although in the map (Iig. 13), the reduced heights of the sea
water differ, though slightly from one another, it may be said that the
water at the time of the Tunami was practically at the same lovel
everywhere. Close examination shows however that the heights of the
water were greater at points near the seashore than at points remote
from it, which is probably due to the fact that the Tunami in its
progress through narrow streets and alleys between houses and other
objections lost some of its force.

Ureisi. In Ureisi, a hamlet adjacent to the town of Kamaisi (sce
Fig. 1), houses near the seashore were destroyed by the Tunami, which
left only a few that had partially collapsed. The water, here rose to a
Leight of 3-:80m above the datum plane. The ground on which stood
the demolished houses is comparatively low ground, being less than
2 m, so that the sea water must here risen more than 1m above the
ground. (See Fig. 14.) '

Hongd in Toni. The Tunami was very destructive in this village,
(see Tig. 2). Except one, every house was washed away, while one-
third of the inhabitants
were killed or missing.
The sea, at the time of the
Tunami rose to a height
of 11 m. According to the
levelling survey of the
water heights, based on
marks left on the cliffs sur-
rounding this village, the
surface of the inundating
water was almost of the
same level as in the case
of Kamaisi. According to
eyewitnesses, the Tunami
after first invading the

Fig. 2. Map of Hongd in Toni. 1/50,0C0.
The area which is enclosed by thick
lines was surveyed.

southern margin of this hamlet, rushed in, taking a circuitous route.
This was clearly confirmed upon drawing the contours based on our
levelling survey. As the southern part of this village is rather lower
than the northern, it could be secen that the water washed first the
southern margin of this village. (Sec Fig. 15.)
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Rydri. As will be seen from the maps, Figs. 3 and 16, the plain
is narrowed by the cliffs near the seashore. All houses lying on ground
lower than 4-5m were either washed away or totally destructed. The
most landward point of the inundated area shows a height of 6-59 m.
It was acertained that the sea water could demolish houses if the height
of the water from the ground exceeds 2 m.

It is noteworthy that in
the eastern part of the river
embankment which runs NW
to SE, (see Fig. 16), the level
of the water was much lower
than that in the western part
of the same embankment, the
reduced height being about

4m. This is probably be- SF
cause the eastern flat part is N \V/%Q;f 7
wider than the western, : J_’} ﬂ?}?f?vfi /’2/5/:7
. = NI
e nar- it rfl,,r{f/-‘i(\t
though the former is nar | e e

rower where it touches the . 3. Map of Ryori. 1/50,000.

sea. The water, at the time The area which is enclosed by thick

of the Tunami, rushed lines was surveyed.

through this narrow part, and spreading over this area was consequently
reduced in height. On the cliffs near the seashore, wave marks were
found at such heights as 9:61m, 821 m, and 7-40m above the datum
plane, suggesting that the water had hcaped up at the mouth of this
plain.

Sirahama in Ryori. The maxi-
mum height of the sea water in
the present Tunami was attained
in this hamlet. It was 28.69m
above datum plane. The geogra-
phical features of this region
are shown in Fig. 17, from which
we can sce that this region is a
V-shaped valley opening to the NV
sea. The water gradually increased / /A\,f{lp\_.\‘ﬁ~
inheight Aa ° 1 D rocefaded inland. Fig. 4. Map of Sirahama in Rydri.

Hongd in  Yosihama. The The area which is enclosed by thick
water, which was very high here, lines-was surveyed. 1/50,000

Lo
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reached 16-77m at maximum. Fortunately, there were only a few
houses on the low ground. The heights reached by the water were
more or less alike throughout this region. (See Tig. 18.)
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Fig. 5. Map of Hongd in Yosihama. 1/50,0C0,
The area enclosed by thick lines was surveyed.

Rydisi. The geographical features of this village are similar to
those of the village of Hongd (Téni) (see Figs. 6 and 19). The houses
on low ground were all washed away. The heights of the water mea-
sured at various points showed practically the same values, so that the
Tunami was of nearly uniform height at all points of the village, not
being higher in some part than another.

Tadakosi. The height of the tunami here was about 7m. Almost
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TFig. 6. Map of Ry0isi. 1/50,000 Map of Tadakosi. 1/50,000.
The area which is enclosed by The area enclosed by thick

thick lineswas surveyed. lines was surveyed.
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cvery house on ground lower than 5m. above mean sea level were
washed away. The height attained by the Tunami was somewhat
greater inland in the inundated arca than at other points. (See Tig. 20.)

Nezaki. Here the heights reached
by the water were comparatively
great, being 18'04m at maximum.
Houses on low ground, lower than
12m above mean sea level, were
demolished. The water decreased in
height as it proceeded landward. (See
Tig. 21.)

Ogati. This town is situated at
the head of Ogati Bay. (See Fig. 9.)
The main street runs parallel to the
seashore, The Tunami inundated
this town to a height of about 4:-5m
at its eastern.extremity, while at its western extremity, which is the
head of the bay, the water rose 6 m. Between these two extremities, the
heights showed gradual increase as one goes landward. (Sec TFig. 22.)
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Fig. 8. Map
The area which is enclosed by
thick lines was surveyed.
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Fig. 9. Map of Ogati. 1/50,0C0. i

The area which is enclosed by thick lines was surveyed
Oodati. AIl houses near the seashore were destructed. The reduced
heights of the water was about 3-5m. As the ground was very flat the
inundated arca was comparatively large. The houses which were destroyed
were those on low ground, less than 2m above mean sca level. (See

Tig. 28.)
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Fig. 10. Map of Ooduti and Ando.

1/50,060.

The areas which are enclosed by thick lines were surveyed.
Eastern: Ando.” Western : Ooduti.

Ando. This village, which lies next to Ooduti (sec Fig. 10), sustained

serious damage to it houses on ‘the
seashore. The maximum height
attained by the Tunami was 84 m.
(see Tig. 24.)

Hosoura. Hosoura is a town
lying along a widely streched har-
bour opening to the north, (sce Fig.
11). The present surveys were li-
mited to a region lying to the east
of the newly built railway. At the
time of the Tunami, the water rushed
into this harbour, washing the
houses away in all directions.
Measurementsshowed comparatively
irregular distribution of the heights.
The houscs in this town proved un-
safe for water higher than 2 m.
(See Fig. 25.)

Yamada.
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Fig. 11. Map of Hosoura. 1/50,000.

The area which is enclosed by thick
lines was surveyed.

Houses near the seashore were seriously damaged, while

those in the southern end of this town, where the ground is very low
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and flat, were all washed away. The height of the lowest -ground

was found to be 1:17 m above mean
sea level, from near which point
the waler rushed in. Where the
houses were destroyed, the water
probably reached 2m and more.
(sec Tig. 26.)

Conclusions. The conclusions
from the present surveys are as
follows :

(1) The water does not always
increase its height as it goes inland.
Although along a V-shaped valley, ;
such as Sirahama in Ryo6ri, the Fig 12. Map of fnmada. 1/50,060
water increased in height consider- The area which is enclosed by
ably as it proceeded inland, in some thick lines was surveyed.
cases it was found that the water decreased in height as it proceeded
landward.

(2) The damage to houses, especially of the ordinary Japanese wooden $
type, both one and two-storied houses were partially damaged when the
water attained to a height of 1:0~1'5m above the ground.

At water heights of 1-8m, the houses that were not firm on their
foundation began to float.

When the height of the water exceeded 2m, the ground floor
totally collapsed and the upper floor came down. Thus one-storied houses
and tall houses of poor construction could not escape destruction.

The above stated facts apply only when the velocity of the water was
not much greater than 10 m per second—the 'value was probable in the
present Tunami. If the velocity is less than this, the houscs can resist
the oncaming waves as in the case of Ogati.

(8) The inclination of the ground, as Prof. Ishimoto points out, is
an important factor that determines the velocity of the water, in which
case, the velocity is a factor that is casily measurable.

In conclusion, the author’s thanks are due to Prof. Ishimoto for his
kind guidance and also to Messrs. T. Kodaira, T. Sugiyama, Y. Wada,
and N: Arai for their valuable assistance throughout the course of
this survey.
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Fig. 13. Kamaisi. (Exthe original map>

Numerals in heavier type are the reduced heights of the water in cm.
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Fig. 14. TUreisi. (%Xthc original map)
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ik

10
34

xthe original 'map)

[B. E. R. I, Suppl. Vol. I, PL X.]




‘eInm-110Ly ‘coareyelyy L1 'Sy

e

['IX '1d ‘T 'ToA ‘ddng “1 "9 "o "q]

7
o 002

['0sVN "NJ

R B

=3,
s

5 &

o
a8

(Rg&



A RE LB (8 E

()

[N. Nasv.]

Fig. 18. Hongd in Yosihama.
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[B. E. R. I, Suppl. Vol. I, P1. XII.]
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Fig. 19. Ryoisi. (ggxthe original map)
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Fig. 20. Tadakosi. ‘]i—(l)x the original map)
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Fig. 21. Nezaki. (%xthe original map)

Numerals in heavier type are the heights of the water in cm.
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Fig. 23. Ooduti.
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Fig. 25. Hosoura. (7'—8 xthe original map)



[B. E. R. I., Suppl. Vol. I. P1. XX.]

[N. Nasu ]

i3

7

10

il

Xthe actua l)

G5

Fig. 26. Yamada.



14] Heights of Tunamis and Damage to Structures. 227

WO S L o %
moaERwESE I 4 452 ih

SEDTEIC L Y THEZZT 2 2iE LT oMo s s LIBRRROPEERE &
IR HRA D 5 & LIl v 72, A EEDTF 2 WM 2 7 B Ik LT S &
ZIERHICH 2 BT Uz, % & CRARINIER: & /B &1 ko THIB ORI Ek o 75 % 2 IERE
ITlEFT 232 & 8 L.

FARMEIC X 2T 1/1000~1/2000 OHTEE % Y Sk 2 BRI Ak =, R
HEDME 10 fHBLF & L.

ARIENEIC & DT LoD 15 S 2 Wy TR0 TYIpkE 2 billok, kT 23 12
IR O LT C 2 WA 2 HR 2 LA T2 o 55 3 2 RIE VESUpKE A Sl i3
Z LI X O TR B WA G D b MUTTER IO TH S 2T OB/EL LW~ 2 & & AT i3k
2. zhiciE 1 HER @ 36) AKsThidid U 253 “Y” v_a kv

WikE 5 A2y 6 Jiciok. oli] 33 N2t LTTRE 14 B ciFidn i, 287, Ba
JEFIRT AR, el REHLET, Y, ORR, g2k, KA, FUWE, SEUHRIASE, RIE, U, HEs.

T ERERIE 2 v 2, AV F v EHMTRLTHS. ANIKOTTH2 1429 Y 2SI
B 2R LK T OIE QIS T3 2 W Id Bko i 3 2 M A billoTH LTS 3.

ST SR IR OB R Uk O TI X 23T T IC 0 2 FEIEL TH 3.

DR X VU kodn ok,

(D) B Bk D —F RO RS T LG 2T L EM s v, V ERofcloTit
EORBEO IR T A BRI D 2. JI~EHR I oM ERX T TH 2. RL DA

THEIRHTHZZELHB.
(2) REOPEE L ER LTS T 2MNTHD 7k 10~15 %oy & CREET & RITAIREL
FRIEICHEI S v . JORA 13 Rfiicie 2 2 LR3I LT h R WEIRT & Hi T

ROFEIN 2m Plhick 3 & IRMEA(BEII A 2R 1% 5 2. 1 PYR B 055
WRIT AL 2 R Tz o,

MUY LoUHRid ko EEERERD 10 R CEL(AEVHITR Z o TH21 5 5)
DYERIIRCTH OS2 2 L TROMERZ AL L U LT AR 3 52 LECERLTC
LROWERRE Sz LB 3. SHolodiEdz of) L Bidh 3

(3) IE 2 BB AL 2 VT 2 KBELEHRTH 3 L w2 LA AR IRliE ez LT
H23, L LAY TRk ofRRilBR L oTHE 2 ET 2 & & AWK 3 &S




