The Seismic Intensity at a Certain Dam Site
By IKUEI MURAMATU® TOKUTARO YABASHI ©
1 Introduction and some remarks

The vibration of any system due to an earthquake may be discussed
conveniently by means of spectra. Let B(T) be the spectrum of incident
earthquake wave at the boundary of bed rock, and G(T) and S(T) be the
vibrational characteristics of the overlying ground, and the structurs,
respectively. Then spectrum of actual earthquake motion at the ground
surface is expressed by B(T) x G(T}, while the spectral response of a
structure on the ground surface in an earthquaske may be obtained by B(T) X
G(T) xS(T).

Therefore, for the design of earthquake-proof construction we must
have recourse to each of the spectra, above mentioned. It is now well
recognized that the structure is liable to resonate with the predominant
motion of the ground so that the coincidence of the two natural periods
of the structure and the ground has & serious effect on the structuree
Moreover, recently the general characteristics of grounds have been in-
vestigated, especially by K. Kanai, and empirical formulas for these spectr-
al responses are derived: But the earthquakes studied im the derivation
of his formulas are almost limited to wesk ones. Therefore, there still
remains some doubt whether the formulas are applicable to destructive earth-
quakes or not. Our main effort in the present study has been devoted to
the clarification of this question.

Another important factor for the design of an earthquake-proef struc-
ture is to estimate the maximum seismic intensity to be expected at its
construction site in the life time of the structure. As our knowledge is
still too meagre to guarantee the prediction of the earthquake occurrence,
we are obliged to discuss the activity in the future on the statistical
point of view based on the data of past seiamic activity.

With this view in mind, we estimated the maximum seismic intensity
to be expected at least once in 100 years at Yokoyama, Gifu Prefecture,
where a dam is being constructed. We also made some efforts to study
vibrational characteristics of the ground at that dam site.

2 Comparison of the seismic intensity

Observations of seismic intensities in this area under the Meteorol-
ogical Agency have been made by an observer living at Higashiyokoyama
Power Station, located at a distance less than 1000 meters from Yokoyama
Dam Site. #We compared the seismic intensity at this point with that ob-
served at the Gifu Meteorological Station. The former is located in a

mountainous distriet and the latter is situated on the Plain. They are
34km apart.

*, ** Geological Institute, Liberal Arts and Educ., Gifu University,

Gifu, Japan.
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The result of this comparison is shown in Table 1¥ TFor destructive
earthquakes, the seismic intensity at Higashiyokoyama is about 1/4 times

that at Gifu, while, on the contrary, for weak earthquakes the former is
about 1.7 times o the latter.

3 Acceleration spectrum of an earthquake motion

Empirical formulas to estimste the scceleration spectrum of an
earthquake motion are given by K. Keanai as follows 4) :

*(T)y, = B(T)- Tl

where (T)y, , B(T) and G(T);, are the acceleration spectrum of an earth-
quake motion, the spectrum of the earthquske waves arriving at the bed
rock, and the vibrational characteristics of the ground overlying the
bed rock, respectively., Suffix Tq shows the predominant period of the
ground while T denotes an arbitrary period to which we are concermed.

000V ODOOAODOCOEBOOEGECEDOO OO (l)

First, Kanai expressed B(T) as follows:

B(T) = C(M;ﬁo T—(’ CE0CP0R000EDSVVOCRO0000COP00OCVOOODOOS (2)
for T £Tm, which is empirically given by
lJog Tm = 0.39 M - 1,70

0000020000 000000000002000000000 (2')’
The meaning of the equation (2) is that the veloecity spectrum of

the earthqueke wave arriving at the bed rock is constant upto the meximum

period Tm correspending to the maximum value of the displacement spectrum

of the earthqueke wave, In the above equations i shows the magnitude of

the sarthquake whilea is the distance from the epicenter to the observing
peint.

Next G(T)p,will be explained. Theoretically speaking, as Sezawa
and Kanai have shown, there exist many high harmonies in the vibration of
the stratified ground, Kanal took only the fundamental mode into consi=-
deration, and simmlated the vibrational characteristies of the ground by
that of a displacement seismometer., This assumption well conforms with
the observational fact for motions having periods near the predominant
period of the ground. But if we want to apply the formla for the motions
of longer period, XKanai's formula for G{T)g, coverges to zero snd does not

tend to a finite theoretical value. This inconsistency is revised if we
introduce a factor w2 into his formla, and put L

oy, = a1 +87 w2 { (@ 2+ (wP}T .. @3

* In Table 1, the seismic intensity I is connected to the acceleration
by the following relation o= 0,45 x 10°%% {by H. Keawasumi).

In this comparison, the correction of the selsmic intensity by the
epicentral distance is made as follows: Since we are eventually dealing
with the damage brought by earthquakes, we examined a- A relation in
A <200 km for many earthquakes, and found the relation o< A-I~72

However, we could find no appreciable difference between the mean val ues

of their intensity ratios for several available earthquakes, worked out
for two cases,
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By this revision, the formula obtained does not mark any appreciable dif-
ference from Kanai's formula in the vicinity of u = 1, around which hisg
formula is intended to be used. And the range of applicability of G(T)TJ
is much extended to the larger values of T, In this formula A denotes

the ratio of mechanical impedsnce of the overburdsn to that of the bed rock.
#According to Kanai's study B is nearly constant regardless of the kinds of
grounds,

B=1/5 ceiiieitteccasccnsrassoccnanasssssccass  (3T)

The damping constant in terms of critical damping(l/2)T is also given by~
Kanal by the following formula

’z= 0-2 /J—.T—: 20009 ¢00030002002 0020600000000 0 (5")
for the grounds of various kinds,

By these equations, we can calculate the acceleration spectra of an
sarthquake on various grounds. The results are shown in Fig. 1.

4 Vibrational Characteristics of the Ground at Yokoyama Dam Site and at
Gifu MKeteorological Observatory.

We carried out seismic observations by means of high sensitive elsc-
tromagnetic seismographs and an ordinary seismograph at various points in
Yokoyama Dam Site.

The observations by high sensitive seismographs were made for 3 months
only at night, but 335 amall earthquakes could be recorded. The tremors
caused by an explosion of 150 ton dynamite at Miboro were also recorded at
various points near the Dam Site simmltaneously with fast papsr speed of
recording. In calm times, micro-tremors in a horizontal hole made in the
Dam Site were recorded too, with a super-high sensitivity of about 10 mm/
kine, In the routine observation by means of an ordinary seismograph with
a starter and a stopper we could catch 4 felt earthquakes,

The dominant periods obtained by analyses of these seismograms are
shown in Tables 2 and 3, It was recognized that many dominant periods exist,
but the periocd near 0.15 second is the most predominant.

The predominant period of the ground at Gifu Meteorological Observato-
ry was searched from the seismograms of past destructive earthquakes, recent
weak earthquakes, and micro-tremors. The results are shown in Table 4. The
predominant period to be noted seems to be 0.4 - 0.5 second.

5 Interpretation of the Result of § 2,

In § 2, we found that the seismic imtensities at Yokoyesma are smaller
than those at Gifu for destructive earthquakes, but for weak earthquskes,
on the contrary, the former are larger than the latter. This phenomenon
must be examined quantitatively by the uss of equations mentiomed in R3
using predominant periods Tp at Yokoyama and at Gife, and paying due considera-
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tion for the value of T,

The period T is to correspond to the maximum acceleration observed
actually at each place for each sarthquaks.

Let us first examine the results for destructive earthquakes.

The determiration of seismic intensities at Gifu and Yokoyams must
have been made mainly from the response of ordinary wooden houses, because
the intensities were larger than III at both points. As Japanese wooden
houses sre usually most sensitive to the vibrational force having a pe-
riod near 0.5 second, the period of the motion taken up for the estimation
of the seismic intensity must have been about 0.5 second, Then the seis-
mie intensity observed at Yokoyama is calculated as

«10.5) = B (0.5) * G (0.5)

[ X1 ssccev00s00c0000eeR000G 00 {4]

end that at Gifu is calculated as

78
0(&(0.5) = B {0.5) ® G(O.s)&g ©5008500000000000 00080008 @ (4‘)
Iet us next see the result for weak earthquakes. As the seismic
intensities were I ~II at both places, the determination of the intensi-
ties must have been made by human senses. The human Senses have an al-
most uniform sensitivity for the vibretion with a period above 0.1l second
a8 reported by M, Ishimoto., Therefore, we msy consider that both of the
seismic intensities observed at Yokoyama snd Gifu were the true maximum
values of the ground motions, consequently the periods to be taken in our
calculation may be put equal to the predominent periods T, at both sites.
Then, the seismic intensity at Yokoyama is to be calculated by

oy(0.,15) = B (0.15)+6(0.15)

oI5 $ 9200205000800 000090000 (5)

and that at Gifu is similarly

dyo.s) = B (0.5) e G (0.5)0.5 @e 2300000000000 00000C e (5')
Consequently, the ratio of seiamic intensities at Yokoyama and Gifu is

expressad by (4)/{4') for destructive earthquakes; and by (5)/(5') for weak

earthquekes. In performing these calculations by equations (2) and (3),

we can omit C(M,A), for M and A are common., Magnitudes of all earth-

quekes used here are larger than 4, consequently Tm's are all larger than

0.725 second by eq. (2"). As the periods T dealt with here are smaller

than this value, eq. (2) is applicable. Then we obtain the ratios as
follows,
& S
Y/ = B(0.5)+G{0.5),,s /B(0.5)+G{0.5),
= 0.5 x3.3 _
“0.5!12.5 0.264 ®eccoccscscnssssccces (4")
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and
{w)

%Y /oG’ = B(0.15) *6(0.15),,s /B(05)+G(0,5),

= B2 X 8L o a1y . 5n
o.lsxlz.5 eo0evoevoe ( )

These calculations mey also be carried out directly on Fig. 1.

e have thus been able to explain the phenomena described in § 2 not
only qualitatively, but also quantitatively by using equations (2) and
(8) of the acceleration spectrum mentioned in § 3. We could see at the
same time that the smaller seismic intensities at mountainous area in
destructive earthquakes do not necessarily show that the motions in the
mountainous area were actually smeller then those on alluvial plain, But
they show that the motions of structures in the former area may be smaller
than those of the same kird of structures on the alluvial plain, provided
the natural periods of the structures are longer than the predominant
period of the ground at the former site., Therefore, we cen see also that
in the mountginous area accelerations of long period vibrations are small
but those of the short period vibrations may become remarkably large. All
these mentioned above are shown in Fig. 1l Such & good agreement of +the
observational result with the present theory shows that the aspplicable
range of Kanai's formulas may be extended to destructive earthquakes if
it is slightly modified as above mentioned, The characteristics of
destructive earthquake motion will be studied in detail again in § 8.

6o Activity of past earthquakes

H, Kawasumi has investigated the earthquakes in hisvorical times
and obtained the expectancy of the maximum inteneity throughout our
country. For instance, the expectancy for 100 years is shown in Fig. 2.
But the values of the seismic intensity are determined under the assumpe

tion that the ground throughout the country has a uniform vibrational
characteristiecs,

For Yokoyama Dam Site particularly, the expectancy of the seiamic
intensity estimated from the earthquekes occurred in the neighbourhood in
historical times is obtained as follows.

If the number of earthquakes with intensities exceeding I at Yokoyama
is expressed by S(I), the statistica show that
S(5) = 20, S(s) = 11, S(7) = 7, in past 1300 years,
where 5, &€ and 7 means the strong (80 ~ 250 gal), the disastrous (250 —~
800 gal), and the ruinous (800 gal < ), respectively.

The results obtained from the activity of earthquakes during these
72 years since the beginning of the Meiji era (1868) are
S(5) = 16, S(6) =6, S(7) = 3,
These numbers are extremsly large as campared with those in historical
times. This is due to the fact that the cycle of seismic activity is
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‘yver 300 wezrs), and, new phase of high activity set in
wng linti garthouake of 1891 and the activity folldwing it in
-2 extrensly high. Since the seismic sctivity in this re-
s ®zllen o rest st present we may regard the activity of
ir nistaricsl times (1300 years) as a standard activity in
Trern the meximum seismic intensity to be expected to occur
2% lessy ozas iz 100 yeers at Yokoyama area on the fictitious standard
swwazd somes out to be about 200 gals, from the condition S(I) = 1300/100.

7. Zstimation of the Expectable Seismic Intensity at Yokoyama
~am Site with Reference to0 the Vibrational Characteristics of the Ground

Important ground cheracteristics, from engineering point of view,
sonsist of the vidrational characteristics and the fracture strength.

45 rosky zrounds are hardly broken, we have only to give attention
+3 thns vibrational charscteristics. Now we are to estimate the expect-
mls seismi:z intensity at Yokoyama Dam Site with dus consideration of the
Tibrational characteristics of the ground, That is

Ulv.éTg) = B“ (20) . G(TO)T° sseeededeosl3CeOevODOED ORGP0 (6)’

whore suffix X is written to show the meximum earthquake motion to be
expectsd at Yokoyama within coming 100 years. On the other hand the

axpactabls value on a standard ground in this distriet is expressed as
Zollows,

Sns(Toss) = B(To,s)=G{To,shy,, = 200 gals «eeeo (7)),

whars suffix S means ®on a standard ground*’.

. The reason we put T equal to Tp,s in eqe (7) will now be explained.
<1 the estimation of seismic intensity at every point was made from the
iata on vibrations or damage of Japanese wooden houses, it may be appro-
criate to take T in eq. (7) equal to the proper period of the usual wood-
i% Louses. However, the observations of seismic intensities used by
awasuml were made by means of an intensity scale based on damage of

Tarious structures, deformation of the earthgsurface and other items
and
corresponding meximim accelerations were ¢ ’

alculated by the intensity —~~
maximum accelerstion relation determined from the observations by aZceler—
atio? - selsmogrephs, The periodsthe vibration which gave the maximum
a3seleration mst therefore be the predominant period of the ground,

Thex the expectable maximmm value is calculated as follows,

% 0.18) = olmg x B,{0.15)*G{0,15), /By{0.35)+G(0.35), .

= 200 3818 X 0,35 x 1.9/0.15 X 3,0 = 306 gﬁls sceesne (8)
* Lt s assumed h 5 i ‘
Lo 33 e ere that on the standard ground the predominant period
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8. Seismograms of Great Earthquakes and the Relation B

H
R
3

The value of the acceleration given in eq. (8) sesms 3o
than that used commonly in practice, The reason depends on t
B(T)e<T™, principally. ihen the relation was derived by Zanai, the
basic data were restricted to seismograms of weak Japanese earthquske s Tro-
corded at the depth of 300 meters at a mine, although the relation cbbtaine
ed is concordant with the nature of strong earthguakes sbserved in T.S-4
Consequently, it may still be doubted whether the relation is applicable
for destructive Japamese earthquakes ar not, But we can not at presemt
expect the seismograms of destructive earthquakes at deep subterranian
points or on rocky grounds in mountainous arsa can be obtained in nsar
future, Therefore, we examined the seismograms of recent destructive
earthquaekes obtained at Gifu Meteorological observatory with specisl
attention to the short period camponents in the records, We could gl=0
examine the original seismograms of the Nobi sarthquake of 1891 at the
Gifu and Nagoya Meteorological Observatories. 1) 2) They are shown im
Fige 3e

be
hs relat o

The accelerations of the vibrations with long pericds and large
amplitudes and ripples which overlap the fomer are shown in Table 6,
The relations between &« and T for each seismogram in Table 6 are showxn
in Fig. 7. From this figure we can recognize the relation

o= B(T)G(T) o< T , n =/4 ~1, These results will confirm thadt

Kanai's formula for B(T) is also appropriate in destructive earthouske s.
It is interesting especially that the result from the seismogram of the
Nobi earthquake at Nagoya leteorological observatory shows the relation
KXo T , Which is consistent with the envelope line of the maximum
value of & (T) = B(T)+G(T)r, for various To in Fig. l. This may
be explained, if we consider that there are mamy predominant periods imn
the groundin Nagoya as the City is located on a very thick soft deposit
which is likely to be composed of alluvium, diluvium and tertiary forma-
- tions deposited iw succession on hard paleozoic bed,

The spectrum of the earthquske motion occurred at upper part of Ibi
River on Nov. 20, 1959 shows an exceptional trend in Fig. Il. The resson
is probably found among the facts that the magnitude of the sarthqueke
was small, the observing point was located on the mountain rock and & is
Emﬂllo

The seismograms of the Nobi earthqueke cbtained at Gifu and Nagowa
are very precicus fram two reasons that firstly they were obtained neax
the origin of an earthquake of the greatest class (M= 8,4 ), and
secondly that because of fast recording speed, we can very clearly read
the vidrations with short periods and small amplitudes.
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9., Conclusions

In order to determine the acceleration for the earthquaks resistant
structure design, we must investigate primarily, the expectancy of the
maximum seismic intensity at the place during the life time of the

structure and secondarily, the vibrational characteristics of the earth-
quake motion.

As to the primery problem, Kawasumi investigated the maximum selsmic
intensity to be expected at least once in a certain lengbth of time at
places throughout Japan. But the ground in the whole area is assumed %o

be the same as that of & standard ground. Mathematieally, the maximum
acceleration is expressed &s

dh,s = BM(TO’S).G(TO’S)Tu,s

03 CBLGLOVOO000LOH0EOIVOOBS (’7)

In regard to the second problem, Kanai proposed formulas which
are cited below with a slight modification of ome in (3).

A(T)

i

B(T) ~G(T)T°

60008 @208 2000008060000 80C0 (l)

1]

B(T) C(M, )T, £0T T £ Th eeeecosascscccasccocace (2)

log Tp = 0,3%M=1,70

')
Qe L OBORBSCVIEITOTOAODOVURBGOEOEBR (2

Y0 SIS L ST LI PRL o
Bz s

2e08600c0eaq (3)

')
BT L VBB BSPOODOTTEORODIDOIROOOCECOEDDOD (3

'z= 0.2/\[:{’: PSP DOCBOEPOLEPVOOLEOOIBODOIOEDRLO6E0S (5")

Therefors, by means of these results, and one additional knowledge
of the predominant period of the ground, we can calculate the accelera-

tion spectrum required for the design of the earthquaks-proof construc-
tion by the following formula

GulTh, = By(meoiny, = BB L @)

We tried in this paper to deduce an acceleration spsctrum at
Yokoyama Dam Site especially and exsmined the applicability of above
formulas for destructive earthquakes from some poinits of view,

"The results obtained in this paper are as follows:

:(1) When we campare the seismic intensities at Yokoyama to those at
Gifu ‘in recent five destructive earthquskes and ten wesk ones separately,

the seismic intensities at Yokoyama for the destructive earthquakes were
amaller (about 1/4 times) than those at Gifu, while for the weak earth-
quakes the former were larger {about 1.7 times) than the latter.
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(2) We carried out a temporary observation by means of high sensi-
tive seismographs zn. a routine observation byamordinary seismcgraph at
Yokoyama Dam Site. From the seismograms obtained we could see the predo-
minant period at Yokoyama Dam Site is about 0,15 second. And from the
seismograms obtained at Gifu beteorological Observatory we could estimate
the predominant period of the ground as about C.S second.

(3) Putting these values of predominan‘ ‘eriods into Kanait's formu-
ta G(T)y, , and with due considerations of ti periods to be particularly
sensitive to human senses and to cause resonances of Japanese wooden
houses, the phenomena shown in (1) are explained not omnly qualitatively,
but also guantitatively. It is therefore to be noted that in case of
destructive earthquakes, their accelerations on the ground in the moun-
tainous area were not smaller than those on the ground in the alluvial
plain, but the vibrations having short periods and large accelerations
were left unnoticed in the mountainland owing to the lack of appropriate
meters to estimate the seismic intensity of high frequency vibrations.

(4) Relying upon the result investigated by Kawasumi, the maximm
acceleration to he expected at Yokoyama Dem Site at least once in 100
years is about 200 gals on a standard ground.

(5) Consequently, taking the vibrational characteristics into con-
sideration and its period of the sarthquake motion to be expscied at
Yokoyama Dam Site are calculated as about 300 gals and about 0.15 second,

(6) The acceleration obtained above seems to be rather large as
compared to the values usually adopted in practice. It is primarily due
to the smallness of the predominant period and the nature of earthquaxe
motion that B(T) =< T™, Although the earthquakes used by Xanai in the
derivation of above relations had been restricted to rather weak ocnes,we
were able to examine and verify the relations also in destructive earth-
quekes. Particularly from the seismograms of the Nobi earthquake of 1891
recorded at Negoya and Gifu Meteorological Observatories we could make
sure the relations above mentioned.

10. Acknowledgement

‘e express our thanks to Prof. H. Kawasumi in Earthquake Research
Institute, Tokyo University for his constant guidance as well as for his
valuable suggestions given to us in preparing the manuscript. Our thanks
are also due to Dr. K. Kanai of the same institute. for his kind guidance.
We are very much obliged to the personnel of the research office of
Yokoyama Dam, Chubu Chiho Kensetsu Kyoku for their help and cooperation
offered to us throughout the course of present study. It is also to be
remarked with thanks thet Mr., S. Yokoyams, the principal cf Ogaeki Tech-
nical High School lent us the ordinary seismograph , and that Mr,
Nakaoka kindly offered us the invaluable seismic data at Gifu Meteorolo-
gical Observatory at our disposal. Lastly, but not the least, we must
glve our thanks to kr. S, Kajita in our laboratory for his constent co-
operation given to us in this study.

1601



)
Rt

7. Murametsuy and T, Yabashi

ZiBLICGRAPHY
¥, Fmeri., * GRepcrt on the Iffect of *he Earthquake of Octe 28th, 1891
in Aiti Prefecture, " ) ) .
Jemarts of tne Imperial Earthquake Investigation Comittee.
2{2894), &

[

5

iy Meteorological Cbservatory., " Report of The Great Nobi Earth-

quske. " (1831)
. Ckazoto., " Design of Structures Considering Earthquake Motion. "
OEM-Bunko. (1954)

¥, Xanai., " Relation between the Amplitude of Earthquake Motion and

the Nature of Surface layer. " Bull. Earthg. Res. Inste,
20{1552), 1., 31(1953), 219,275., 34(1956), 167.

‘. ¥anai.. " Observaticnal Study of Eerthouake Notion in the Depth of

tre 3round. " Bull, Barthq, Res. Inst., 31(1953), 227.

l. ¥arai., " Yeasurement of the Microtremor. I. " Bull. Earthq. Res.

Inst., 32.1954), 199.

¥, ¥arei., " Semi-empirical Formula for the Seismic Characteristics of

[7g

¥, ¥ansi., " The implitude and the Period of Barthquake Motions. ITI "

«re Zround. " 3Bull. Earthq. Res. Inst., 25(1957)s 309.

Bull, Zarthg. Res. Inst., 36(1958), 275.

¥, Kanai., " & Study of Sirong Earthquake Motions. " Bull. Earthg.

Res. Inst., 36{1958), 295. '

Z. Kawasumi., " Messures of Barthguake Danger and Expectancy of Maxi-

-

w
bd

Tyl e b ;
- Samutomi., 7 Vibrationzl Characteristics of Houses, "

mum Intensity Throughout Japan as Inferred from the Seismic

dctivity in Historical Times. " Bull. Earthq. Res. Inst.,
23(1951), 469.

» Kawasuzi., " On an Elastic Wave Animated by the Potential Energy

:gélnitial Strain. " Bull, Earthq. Res. Inst., 13(1935),

Iida and H. Aoki., " CGravity Anomalies and the Gorresponding Sub-
t‘erranesan kiass Distribution, with Special Reference to the
Nobi Plain snd its Vicinity, Japan. " Journ. Earth Scie,
Sagoya University., 6(1958), 113.

"

Zatang, T; ?‘ak?,hgshi and H. Tsutsumi., " The Vibrational Experiment
g‘ Tsukabara Dam, " Papers Civil Eng. Soc. Japan., 59(1953)s

! Bull; Barthg.
Reao —nstb‘ 12(1934)$ 492. *

1602



The Seismic Intensity at a Certain Dam Site

puo njiy Lv U000} 3y} pup
undpp jouueo jo dows joojdosbodoy 264

ok pasedua

Sjuiod UOIDAJBSQO JO SUOILDO0] pUD /
2}IS WDP DWDAOMNOA JO 2Injonis upjupiiagqng £ 'Bi4

(L)o41)g = *‘punoib jo spury
SNOUDA U0 uoljow @ypnbyjipe
up Jo paoads uolnieRIdY | By

1603



I. Murematsu and T, Yabashi

e ; T T o
—— ) L YV A [ap— el
bt el
—ml i I
| 20 1

T

7 \ ’
V)
Pe—— TR 5;.35.%‘ .

PEUSHSSSUR  S  —— S —_—
X — . R T
M-S — —
- e e Mo
o . B B
J— .lnll-ukm_..ix -
T TR b 1 -
_— |

or bz oo nen, Cunweng 6

aps W) nwioKoy ol 4o 4a1y) 1q1 W javd Abddn  Lsh) Tox NON

N JE]

)
" Swea 143 -a13 /
II%"\W‘ bsbt ‘ot nay ,/.
|
1,
4y
—._
}n!gtz%%}&% _ __}la
nw : Vs
w009 ' »
huaea pysrony i \
_ L$b) “pr gdag _\\

/
Ydoubowsias s, pisyooip, Aq
‘0 "W PHD 40 peutniqo swnBowsies o4 ‘014

1604

My

aN
oy Hdubowsias yomsn, spanwrw]  {q ey

ETT]
L.a~ 21 wod vukoyep v
SIONY W J0 A N br— e Lo bz b bs bl

9}j8 wWop DWDAONOA D POUIDIQO SWDAOWS|aS By ‘Bl4



The Seismic Intensity at a Certain Lam Site

Fig. 5 Distribution of expectable paximum
acceleration of earthquakes in 100
years in Japan (After Kawasimi ) «

Fig. 6a Seismogram of The Nobi Earthquake
at Nagoyea M. 0. Oct.28, 1891
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The Seismic Intensity at a Certain Dam Site

Table | Comparison of the seismic infensity at Yokoyama with that at Sifu .
Earthquake Time ¢ [~ lpiml 1 a Al T i’%‘;’* %22%{
6 vyl s Y lg | g [BFi®PT
YoshinoEarthq. |1962.7.18 [34.451358| 70, 7.0 4|3 | 138 | 138 | 8.5 L85 0.367; 0.349
Fukui Earthq. 48.6.28 {361 (1362{20/7.3/4 3,100 ! 68 | 41.3] 187 | . 148 | O.
Nankai Earthq. 46.12.21 330 1356308253284 | 298| out | 3.4 | 0.110 |1
Mikawa Earthg. 46.1.13 134.7 i|37.0§ 0 71 43| 84 | 114 | 287 155 0.63C|
Tonankai Earthg| 44.12.7 (337 1362 0-% 80, 5|4 i86| 210 |out | 2.5 0.304 |
! 0203
E. Aichi 1958. 5. 4 |350 374/ 5048/ 22! 73 [ 105 | 190" 0.4 | 2.08 ;
M. Gitu 568. 2.9 {357 1372] 0{43i2|1! 5| | 68 | 84| 03 | 0.56
M. Fukui 67.12.31 | 35.8 1361/ 20,46, 2 2| 75 | 43 133 | 035 0335
Gitu- ehiga border | 67.12. 3 113 38 | 136, 72 ' na4 127
W. Mie 57.11.27 |34.7 1362/ 701461 (2| 93 | 99 | 88 | 038 3.68
W. Aichi 56.12.18 352 1387140 ;4‘4?| 2! 23 | 48 | pe
S. Aichi 56.12.11 !34.9 437130 40 1 /1| 63 | 04 | 25 .
M. Aichi €6.2. B |34.9 11372, 20!50 |3 |3 | 85 |100 !
W. Gifu 2. 6.26 |365 (1366 30 47 (2 13| 19 | 14 i
S Mie 51 9.23 [34.3 1:82(40 (48 |1 |1 | (34 |143 |
Table 2 Seismic observation at Yokoyama Dam Site »
Routine observation of earthqakes . o
Observation point instrument E Resulfs

Imomura’s usual seismograph
Horizontal 2 component

To=2vec. h50.5,V=63, pa=5320%
With starter and stopper
SmoKed paper recording

On the surface layer
(on the concrete base
in the observation huf)

Since Aug, i858 1o ﬂm

present tme

untelt earthquoke No.325
telt, M, Aug.22, 1959

telt, I~0, Aug. 31, =

feit, T ., Sept.24,
felt, IV, Nev.20,

Electro mognetic seismograph with
amp.MG II , Troncducer N.D Hot. NS

Te=0.80%; H#O.S V=0, 022 i p.s.- 8in
Smoked paper mcordlng

On an exposed rock

From evening to next morning
Aug.29~Dec.lO, 1958

335 micro earthquakes weke
recorded

Temporary observahon (l)
of {50 ton dynamite o Miboro

Qbservo‘hon of the ground mohen due ‘ro 7hc e'xplosmn

Observation point Instrument

Electromagnetic seismograph with

On the sertace layer T 0.455'h3i0.5 ,

On the exposed rock T=080 ",h:0.5, V=050

In the horizontal hole T=0475",h:05 , V=037
{ compact rock, velocity
of P wave 2400 Veec )

In the horizontal hole T.=027 » , ht05, V=006

{1oose rock,Vp=2400 wg)

"

amp. MG 1, p.sv." 34-3;1% o

v=0.12 ’“"}'}Akine, Hor NS

» Hor NS
« Hor. NS

“ , Horn NS

Observation of ‘the g?ound noise

Observation pom'l' Instrument

In the horizontal hole

is supplied by batteries

T=0.80™, h#0.5, V= 4. i, p.

Electromagnetic seismograph of which electric power

8 = 50 " hec
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1. Muramatsu and T. Yabashi

Table 3 Predominant periods obtained by micro-seismic observation
at Yokoyama Dam Site

Predominant periods obtained from the ground motion caused by the great explosion of 150
Az 70

tons dynamite at Miboro Dam.

Observation point | initial part | Main part | Tail
On the surface layer | Q.12 s (0.036) 0.13
On the exposed rock 0.2 0.14 0.175
In the horizontal hole? compact rock) i 0.175 (0.070) 0.216
in the horizontal hole(loose rock) 0.175 0.175

Predomjnant period obtained from 335 micro-earthquake picked up on the exposed rock is

T =

0.15

sec.

Pred. periods obtained from ground noise on the surface layer,
To= ( 0.038) and O.15 sec.

Pred.pariod obtained from ground noise

T= o10

sec.

in the horizonta!l hole ¢ compact reck)

Table 4 Predominant periods obtained from the seismograms of weak
earthquakes obtained by *usual seismograph’ on the

surface layer
. ‘ a | Short period Long period
Time | NE4w comp. _s_?aw NE Gy SE/Nw
Aug.22, 1958 | cbout 12km | O.10sec | O.1) 1.0 3.76
Aug. 31, 1889 12 _o.i03 0.118 1.8 3.8
Sept.24, 1959 1860 | 0.15 6.18 L2 L8| 1Lie
Nov. 20, 1959 1 | (010} 0.15 (0.10) 0.23 1.37 1.8

Table 5 Predominant periods obtained from the seismograms of
destructive -earthquakes, weak sarthquokes and groundnoise
at Gifu Meteorological Observatory, By Wiechert's seismog.

Earthquake

Prdominant period

Fukui Earthquake {(by Wiechert Seismograph)

Mikawa Earthquake

0.47 5% | 1.29 6.2

1.1 9.3
Yaoshino Eartha. .3 | 685
Nobi  Earthg. 0.06 0.445 |20 |
Weak  Earthquakes 0.3—044 !
Ground Noise 008,02 | 0.5 !
Ground Naise { by electro- magnetic seismog.) [0.05, 0.07 !

Table 8 Acceleration spectra obtained from seismograms of great earthauckes

Earthq. lEpic. Time |M | Tu|Obspt| & | 1| Toort As s | Tomg AL 04 1§°i0l:/ogruph e
0 o v .8,
Nobi £ WNW of| Oct. 28 bt ™ g O.‘OQ 0.024 270 S e sec Miln’s s, TN
obt =, i
Gitu | 1891 84140 | Gifu lf_ -7 .t 20 >2 >20 g3 (g)_ n 214
. WNW of| Oct.28 s |0.087) o 1560 Miins s.
. . 30 m
Nobi E. | o0 189 | 34|40 | Nagoral°D | 5 0.084! {am L3 (n 260 2. 5(.95) no 14.8
36.33
Sept.l 5 o8 2850 -
139.33 7.9{25 |H 63
Kanto E.| 13833 | 70 ongo | 831261630 { og 300|135 +43 100 ?
347
Jan.13 could not read L 4 I 's wihr 5
MikaweE! 1370 70112 [gify |B84|4 | tor the siow paper 1048 momires whvena ©
o (1948 runnieg speed 93 24 LH{6 2 m 08
3445 July i8 could not read L
YoshinoE.| 1358 @ 13 03 71 | imawurde sirong s
shino 3o | 1982 [#O| 11 @YU 11384 | tor slow ps. 65 19 1B8]&6 2 m 06
Mt. 38.6 | Septag see K 0
1 Imomuras ueual s.
L. | 1382 & | 5 [Yokoyo- {1680 ,| 0I5 875 L56
Akaishi E| 20 | 1959 T | %02 L2 QoI7 047|153 63 25 E3:2
Riv. 356 | Nov.2o ~ Imamaras ueuo!
1388 | V%2015 1o 12{4 |ais 436 77 {137 aoi2 * -
wl E | 20 |1959 Yokoya 18 63 25 E32

1

608



