5. Relation between the Earthquake Damage and
the Nature of the Ground.
(Case of Wooden Houses and Peat Bed.)

By Kiyoshi KANAI, Teiji TANAKA
and Tomisaburo SUZUKI,

Earthquake Research Institute.
(Read Dec. 16, 1952.—Received Deec. 20, 1952.)

1. Introduction.

The magnitude, M, of Tokachi-oki Earthquake, March 4, 1952, was
8.1 and the numbers of totally-destructed, semi-destructed and slightly
damaged houses in the southern and eastern parts of Hokkaido were
about 1,400, 5,400 and 15,000 respectively.

The peculiarity of this earthquake concerning the damage to build-
ings is that such main buildings as public offices were damaged more
seriously than ordinary houses. The reason is that the wooden ordinary
houses in Hokkaido have small beams and the roofs are made of light
stuff. In short, the upper-construction is very light in those houses.

The district which :
suffered from  this
earthquake includes a
peat region of consider-
able area, which is an
unprecedented case.

In the present
paper, first, the results
of the seismic prospect-
ing made at two places
within the peat region
- where the shock was
‘“very strong”’ are
stated. Then, as these
two places were extre- o s o |EP ICENTER
mely different from each ;. raee ey

other in the degree of Fig. 1. Map of the examination places.
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the damage done by the earthquake, the causes for this fact is searched
by using the data obtained from the seismic prospecting.

2. Results of seismic prospecting.

(i) Date of prospecting: July 17 and 18, 1952.

(ii) Places of prospecting: The cultivated land hemmed in by the
Tokachi River and the Toshibetsu River. The surface is of clay bed
associated with peat-soil.

Place “A’’: Kawai, Tokachi-Ikeda-machi (about 2.2km SSW of
Tkeda Station).

Place ““B’’: ” (about 2.9km SW of Ikeda Station).

The places of seismic prospecting are shown in the map of Fig. 1.

(iii) Results of prospecting: Figs. 2 and 8 show the travel time
curves of the initial motion Travel Time tsec)
at place ““ A’ and ¢ B’ res- orih
pectively. The velocities of
two media and thickness of
the surface layer obtained
from Figs. 2 and 3 are shown
in Table I.

It is found from Table I
that the velocity of P-waves
in the peat bed is not of a
particular value compared _ . 1
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200 m in length in this case, no data about the third layer are seen.)

Table I.
Examination Velocity of P-waves (m/sec) Thickness of 1st
place Ist layer | 2nd layer layer (m)
A 350 1,400 15
B 150 1,300 2

3. The examination of the results obtained from
the seismic prospecting.
The farm houses in the district within which the place of prospecting
<« A7 ig, were damaged only slightly. On the con- :

” .
trary, the farm houses in the district of place {7 o727
o Y . b 7 H?/ Pt Ve,
B> were so heavily damaged that almost all 7|/ >/~ ~
houses had to be rebuilt. Also in the latter district, ) S \;\\>§
many horses working in the fields stumbled during N \FN\N\\\
the earthquake, while in the former district such )
things mnever happened. Fig. 4.
These facts show that the earthquake motion
200 Uczerolfyl was larger in “B?’ district than
T in ¢ A” distriet.
6 Now the authors will try to
explain the above-mentioned facts
ie=0l ' using the results of seismic pro-
12 '0"3/3,/6 specting.
> 018 o Let us assume that seismie
“‘ 025 . oy
. RXORS 0%, waves is the superposition of waves
8 “@Q 05,6 N R
*&&\ 07cg of various period and the largest
\’\0\}\:§§§ amplitude at the free surface is
] 2 ~..~ ————— .
. i caused by the wave of -which the
E__ 7
— period is equal to the synchronized
0 o s S 4 one of the surface layer.
Tig. 5. wyz-m and u, represent the The theoretical investigation®

amplitude of surface motion and of in- in case a semi-infinite elastic body
cident wave at lower boundary respec- ig heneath a surface layer with
tively. &, w1, p1- v1, H and p represent : . .

viscosity coeflicient, rigidity, density, solid VISCOSIty, and S-waves propa-
velocity, thickness of surface layer and gate perpendicularly across them
frequency respectively. gives the result shown in Fig. 5.

2) K. KANAI, « Relation between the Nature of Surface Layer and the Ampli-
udes of Earthquake Motions »*, Bull. Farthq. Res. Inst., 30 (1952), 35, Iig. &.
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(To simplify the problem, the solid viscosity in lower layer is neglected,
because it is without influence upon the final results.)

As values of £/v* concerning various materials in the earth crust
are always of same order®, it is supposed, for the present, that &/v’=
10-"C.G.S. Poisson’s ratio of the materials of the first and the second
layers at the observing points, ““A*’ and “B”, is assumed to be o=
0.489. The densities of the materials are assumed to be p,=1.5 and
0,=2.0.

Under such assumptions, introducing the results obtained from the
seismic prospecting at ‘“ A’ and “B’’ districts into Fig. 5, we get the
following results. (The values in the parenthesis are when Poisson’s ratio
o=0.25).

“ A district ; [wiazeml/|tos] =T7.6 (7.8), (1)
“B? district ; |%iscgeml/|tos] =15.2 (13.5).

() Suppose the amplitude in any period of the incident waves
which come to the boundary to be constant, that is to say, |Uosl= |2zl
in equation (1), then the ratio between the amplitudes of displacement
at the ground surface of ‘A’ and B’ districts becomes

215052 5| [ 1140227 =2.0 (1.8). (2)
In this case the ratio between the amplitudes of acceleration at the
ground surface of ““ A’ and ‘B’ districts is

law(z=1z)l/|“1,4(z=zr)|:20 (18). (3)

(II) Assuming that equipartition of energy holds for the waves of
various periods in the incident waves, viz. [26o4| /T 4= |to5| /T in equation
(1), the ratio between the amplitudes of displacement on the ground
surface of ““A’’ and ‘“B’’ is given as follows :

Izcm(hm[/lumczmml =0.62 (0.58). (4)
In this case the ratio of the amplitudes of acceleration on the ground
surface of ““A”’ and ‘““B’’ is expressed as

]alB(Z=II)I/[aIA(Z=II)|=6‘2 (5.8). (5)
(III) Though nothing definite can be said before finding the correct

8) K. KANAI and K. OsApa, < The Result of Observation concerning the Waves
Caused in the Ground by Building Vibration *, Bull. FEarthg. Res. Inst., 29 (1951), 514,
Table II.

4) Reference data:

K. MANAL, Bull. Faculty Eng., Holkkaido Univ., 6 (1952), 77, Table 2.

H. KAwasUMI and others, Monthly Colloquiwm, Earthq. Res. Inst., Tokyo Univ.,
Sept. 16, 1952.

Bull. Disast. Prevent. Res. Inst., Kyoto Univ., 2 (1949), 6, 17; 3 (1950), 1, 3, 7.
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value of Poisson’s ratio, the periods of the waves at ‘“A’’ and “B”
which have predominant amplitudes become 4H/v,=0.9sec (=T, and
0.3sec (=T), using the foregoing assumption ¢=0.43 and the values of
Table I. The natural period of top-light farm houses which are pecu-
liar to Hokkaido seems to be approximate to the period of predominant
amplitude at <“B”’ district, viz. T=0.3sec.

In summarizing the calculated results in case of (I), (II) and (III),
it is found that in case of a great earthquake the houses in “B’’ district
will be under worse vibrational condition than those in ‘“A’’ district.
Therefore, why the damage differs extremely in two district so close to
each other may be explained from the present investigation.

4. Concluding remarks.

In applying the data obtained from the seismic prospecting to the
results of vibration problems concerning the surface layer with the
consideration of solid viscosity, numerical calculations were carried out.
In Tokachi-oki Earthquake of March 4, 1952, there was much difference
in the damage at two districts very close to each other. The cause for
that is to some extent explained from the results of the present inves-
tigation.

In conclusion, we wish to express our thanks to the officials of the
Construction Section in the Bureau of Development, Hokkaido, for the
financial aid granted us for the present investigations. We also wish to
express our thanks to Assistant Professor Y. Sakai and other staffs of the
Faculty of Engineering, Hokkaido University, Assistant Professor T. Shiga
of the Faculty of Engineering, Tohoku University and the staffs of the
Town office of Tokachi-Tkeda, Hokkaido, who cooperated heartily with
us in our experiments.
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