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Fig. 1. Map showing the distribution of seismic intensities in Hako-

date City for the Tokachi-oki earthquake of 1968 and seven

locations of microtremor observation sites in Hakodate City.
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Underground structures and power spectra in each microtremor observation site.
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Fig. 5. Map showing the distribution of seismic intensities in
Hakodate City for the Tokachi-oki earthquake of 1968
and thirty three locations of microtremors observation
sites in Hakodate City.
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Table 1-1. Names of each microtremor observation
site and observation method
Predomi-
Earthqg. - Number Sensitivity nant
No. Intensity Position Name Component Frequency
(#kine/mm) (c/s)
69011 A% 21.2 5.0
1 4, Goryokaku (A) 69008 Hew 10.2
69012 Hxs 181 3.0
69086 \% 7.2 25
2 4. Iai-Gakuen 69087 Hgw . 10.2
69088 Hys 7.2 5.0
69092 v 2.1 5.0
3 5. Otsuma-Gakuen 69093 Hew 10.2
69094 Hxs 7.2 5.0
69098 v 2.7 5.0
4 5. Shoshinji 69099 Hrw 7.5
69100 Hxs 7.2 5.0
69104 \' 3.1 5.0
5 4, Keibajo (A) 69105 Hew 6.0
69106 Hxs 7.2 2.0
69110 v 26.4 5.0
6 5_ Kosei-Mid-Sch. 69111 Hew 25.5
69112 Hns 55.6 50
69116 A% 26.5 35
7 4., Konpirajinja 69117 Hew 25.6
69118 Hxs 90.1 5.0
69122 A% 499 5.0
8 4, Shinkawa-Park 69123 Hew 46.3
69124 Hxs 111.1 5.0
69128 Vv 17.9 55
9 5_ Yunokawa-Element.-Sch. 69129 Hew 15.0
69130 Hns 36.6 2.5
69134 A 26.5 2.5
10 ‘5- Chiyogadai-Element.-Sch. 69135 Hew 255
69136 Hxs 45.0 2.5
69140 A\ 72 1.5
11 5_ Hakodate Chabu-High Sch. 69141
69142 Hxs 18.0 35
69146 A\ 26.5 35
12 54 Hongyoji 69147
69148 Hys 45.0 25
69152 A% 19.9 2.5
13 5_ Tokits-Mati 69153
69154 Hxs 22.2 2.5
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Table 1-2. Names of each microtremor observation
site and observation method

177

Predomi-
Earthg. I Number Sensitivity nant
No Intensity Position Name Component Frequency
(zkine/mm) (c/s)
69158 A\ 499 4.0
14 5- Yunohama-Park 69159
69160 Hxs
69162 \% 10.6 2.5
15 4, Hakodate-Prison 69163
69164 Hxs 45.0 3.0
69174 v 19.9 35
16 5_ Hakodate-Post Office 69175
69176 Hxs 222 5.0
69168 A\ 239 35
17 5- Wakamatsu-Element.-Sch. 69169
69170 Hxs 55.6 3.5
69180 v 59.9 6.0
18 4. Mannenbashi-Element-Sch. 69181
69182 Hxs 55.6 5.0
69186 A 19.9 2.5
19 5_ Okawa-Park 69187
69188 Hxs 22.2 25
69192 Vv 5.3 3.0
20 4_ Koyaji 69193
69194 Hxs 3.7 3.0
69198 Vv 7.2 3.0
21 5. Yayoi-Element-Sch. 69199
69200 Hns 18.0 3.0
69204 A\ 59.9 45
22 5. Toyokawainari 69205
69206 Hxs 55.6 45
69210 A\ 3.1 2.5
23 5+ Aoyanagi-Element-Sch. 69211
69212 Hns 450 25
69216 v 49.9 45
24 4_ Sakae-Mati 69217
69218 Hys 45.0 3.0
69222 Vv 59.9 50
25 5. Matsukawa-Apart 69223
69224 Hxs 45.0 35
69228 Vv 53 35
26 4, Keibajo (B) 69229
69230 Hns 194 15
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Table 1-3. Names of each microtremor observation
site and observation method

N Predomi-
Earthq. s Number Sensitivity nant
No. Intensity Position Name Component Frequency
(¢ kine/mm) (c/s)
69234 A\ 1.2 13.5
27 4_ Hiyoshi-Element-Sch. 69235
69236 Hns 13.1 8.0
69080 \' 21.2 5.0
28 4, Goryokaku (B) 69081 Hew 10.2
69082 Hxs 18.1
69038 A% 1.6
29 5_ Hakodate Uni. Mae (B) 69041 Hysser<r 154 25
69044 Hssers 53 2.0
69039 A% 1.9 5.0
30 5_ Hakodate Uni. Mae (C) 69042 Hyaseu<r 08 3.0
69045 Hissexs 0.8 10
69016 v 1.3 95
31 4_ Hakodate Uni. Naka 69017 Hew 2.0 5.0
69018 Hxs 50 5.0
69019 A\ 10.8 4.0
32 5_ Fukabori 69020 Hew 15.9 4.5
69021 Hys 16.0 20
69022 A% 33.9 5.0
33 4. Chiyogadai 69023 Hew 27.2 5.0
69024 Hxs 50.3 5.0
69069 Vv 5.4 1.5
34 5. Kami yunokawa 69073 Hew 58 35
69070 Hxs 25 25
69013 A\ 68.6 2.5
35 %) Nanaehama 69014 Hew 37.3 100
69015 Hxs 50.3 7.5
69048 A\ 4.6 11.0
36 4. Hakodate Eng. 69047 Hew 12.6 55
69046 Hxs 13.3 6.0
69037 A 3.8 1.0
37 5_ Hakodate Uni Mae (A) 69040 | Hxss:ee<r 4.5
69043 | Hxasers (4.5) 30
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HER TP ObH 528 2 TR THRI NS KTPBRS (@) & ETERS (w) &
D |ug/wo| CIER L7,
’w%,ngim%%ﬂéiBmww/ﬁk%<kémutﬂofhwwdﬁk%<&5:
CEHEHLELSDTH D, LICh-T, |ufw| DRE S MMOMEOLIWICIch 252 &
%MKu%&Lfb%&%itctﬁL,:@%AHZE@%A?&OT AT
Em%%féhmﬁym%ﬁkmﬁ®ﬁﬁ%ﬁ?ﬁﬁ&hamfﬁé LAL, 3BHED
%Amﬁ %L%ﬁkb@%f%% SEMLO%Aeﬂ %thﬂm|®mbﬁuuuév

21) B#= ﬁmﬁ,mmZ 3), 4).

22) T. SUZUKI; Amplltude of Rayleigh Waves on the Surface of Stratlﬁed Medium. B.ER.I.,
11 (1933), 187-195. .

23) KHE #; 2BH&T kTS5 Rayleigh &@ﬁ'ﬁﬁﬁfﬁ, W [ii], 16 (1962), 1-11.

24) m¥EkET; S#M Rayleigh BB OME L 0T & OBIR, WEFEE, 9 (1956), 12-16.
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A BHESEYBE L CHMEHEL, JoBRc#E Ly, ST, FTHREOERNT -
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W57 OB DONTER TR LS5 E LD Table 2 DFE TR THD, TOFTDH Y 2%
lto/wo| @ maximum #RTEAERTH B,

F2R  MTRE (720 W 2 HEER

Table 2. Elastic constants in seven underground structures

HE. | HUN. C. KY |HUM F. N.

Earthquake Intensity 4_ 4. 4. 5- 5- 5 (5+)

a1 0.430 0.486 0.315 0.258 0.494 0.496 0.498
gy 0.484 0.333 0.485 0.491 0.445 0.496 0.496

Poisson’s Ratio

Rigidity Ratio -%2- 10.8 947 481 8.38 7.56 3.06 225
1

Impedance Ratio %& 3.28 3.08 2.19 2.38 2.75 1.75 1.50
272

Thickness of Soft layer (m) 3 35 12 14 20 30> 30>

15.8 113 20 317 | (259 | 457 | (158)
® (5:5) ®) @5 | ©) s |

Max. of wuo/wy (Frequency)

CORMET X BFELVVRRIBRET S L LT, KMEOERE L THEFCHBORGE S
hTw3 HE, HUN. DfEAMBO S »FIIC X Y REL TTWAHORERE S, 20 2RI
FRAEHERC 2 v FI A TOREVWELDL RS TED, FREBIHECELEELZLRD AT
DESAFRERS LB AEBELTWAHITH S, Blb, 00X 5kl KB p/e OX
EVWZ2ELEEZBR, ChhbRETHET S LHBOB AL NI ER S, TLE Y, ®
s T LELOBOBEEIRFEE /A, DL 57InfEA2D factor #% max. of |uy/w,| & ED X 57
HRCH 50 EEBRTHOISGEHOFRETH 5,

ERL22 3 EBYSE LT, 20 max. of |u/w,| D% &M A TIRERELT
AT,

ZTOVHBS HiE B bidie, FThirBEavs—LkKsw,y P LD Fig. 12 ThH
BHo BT T OELEE V O/, BEIVOFRRIAESIHTW5Z L4b
B DI LT AFTCEWTCIHE LG L RAROBEEAR DS,

ChE7 I 7ML CHRBEFG 13D 3D, S5V FIHENHBIT-EH LI

25) BFE=HEee; B 4).
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Fig. 12. Contours of seismic intensities and distribution
of the maximum values of |ug/wy| in each
observation site.
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ZhLEP TV FNALRN DY, BE S OMAIIFAA L max. of |uy/we| DEN 10 &%
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Fig. 13. Relation between seismic intensities and the maximum
value of |ug/wy|. Relation between seismic intensities
and frequency showing the maximum valus of |ug/wq).
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(1) HERERECI?E SEEREN400m/s L H/PNIVWEBEOBREINEZEEEIRK
Elvo

(2) PHE)D powerspectra IT & 5 &, SEEE 400 m/s LA FTOBEAEFE, £ D spectra
D 1 peak T AEBULEGAERC L 2BRNAD B, LT, BEXPIL S,

() EELDOBIMETHIUE, HEID power spectra T 1~4 c/s O JE BBHE I T K F
CREFELYE L T 5, .

(4) 33 2T CEAE B DI A B, LD power spectra D 1 peck %1 AR
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11. On the Relation between Microtremors
and Earthquake Damages

By Mitsuo Nocosur* and Toru IGARASHI
(Department of Geophysics, Faculty of Science, Hokkaido University)

From the point of view of engineering seismology, relations between microtremors,
and damages caused by earthquake motions (seismic intensity) were discussed in the
present paper. The seimic intensities from the Tokachi-oki earthquake of 1968 and
microtremors were observed in Hakodate City, Hokkaido.

Predominant frequencies (the first peak) of power spectra are shorter, when the
more the thicknesses of soft layers (400 m/s of S-wave velocity) and the larger the
seismic intensits scales.

It was found that frequency range of power spectra of microtremors, related to
the seismic intensity, was approximately 1-4 c/s.

The ratios of the horizontal component () to the vertical component (w,) of
microtremors have also the close relation to seismic intensities. Therefore, the factor
may be used for purpose of the discrimination of good or bad ground.

* Present address; Faculty of Education, Akita University.



