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LONG-PERIOD GROUND DISPLACEMENTS AND VELOCITIES
ESTIMATED FOR FUTURE POSSIBLE EARTHQUAKES

By Zakeshi MixuMmo and Zkuel MURAMATSU

Synopsis

Long-period ground displacements and velocities that would be observed at the time of three
future possible large earthquakes in central Japan have been calculated from their reasonable fault
models. The maximum horizontal displacements and velocities of long-period body waves with
periods longer than 10 sec for the so-called “Tokai earthquake’’ with thrust-type faulting could reach
150170 cm and 25-30 kine, respectively. These predicted values may vary to a factor of 2, depend-
ing on the starting point of rupture on the presumed fault, the assumed rupture velocity and rise time.
The corresponding values for two inland strike-slip earthquakes along the Atera and Atotsugawa
faults may be estimated as 80 cm and 40 kine, respectively. These estimates do not involve surface
waves nor converted body waves at the ground surface and interfaces in the crust, and hence should
be regarded as possible lower bounds.

Possible sources of high frequency waves, which would be included in observed records but can-
not be predicted from the above fault models, are discussed on the basis of more realistic hetero-
geneous faults with non-uniform strengths.
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Fig. 1. Locations of three assumed faults and selected sites mentioned in the present study.
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Table 1. Assumed fault parameters for three possible future earthquakes.

Tokait Earthq. | Atera Earthg. : Atotsu. Earthq.

Fault length L (km) 115 60 60
Fault width W (km) 70 16 15
Strike ¢ (deg) N198°E N40°wW S 60°W
Dip 8 (deg) 34 90 85
Average fault displacement D (m) 4.0 2.0 1.0
Slip angle A (deg) 71 0 20
Depth of initial rupture H (km) 41%(22%%) 8 7.5
Rupture velocity v (km/s) 3.0 2.5 2.5
Rise time T (sec) 5.0 2.0 2.0

T Fault parameters taken from Ishibashi’s model (except &)
* Cases 1 & 3, ** Case 2
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Fig. 4. Calculated ground velocities of long-period body waves at Shizuoka, for various rise
times and rupture velocities in the case of a hypothetical “Tokai earthquake” (Case 2).
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Fig. 5. Calculated ground displacements of long-period body waves at 6 selected sites at
medium distances, in the case of a hypothetical “Tokai earthquake”.
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Fig. 6. Calculated ground velocities of long-period body waves at 6 selected sites at medium
distances, in the case of a hypothetical “Tokai earthquake”.

Table 2. Calculated maximum ground displacements and velocities of long-period body waves
at several selected sites, in the case of a hypothetical “Tokai earthquake”.

(Case 2) L=115km, W=70km, H=22km, D=4m, »=3.0 km/sec, 7=5 sec
4 7] Max. Displ. (cm) I Static Displ. (cm) Max. Velocity (kine) Period
Location |—— :

(km) | (deg)| EW | NS } z | EW ‘ NS ’ Z |EW| NS | H | 2 |(se0)
Tokyo 184 50 |—13.0] 7.8 2.8— 3.6/— 0.1] 0.4/— 3.3/ 4.0 52 05 10
Yokohama 163 53 |—16.8—11.8— 6.2/— 5.6/— 0.2] 0.6|— 3.7 4.4 57 20 10
Odawara 116 50 |—25.2/—14.4/—10.8/—10.8 0.2 2.0— 5.9 59 7.7 38 10
Numazu 80 47 |-38,0/ 10,0, 22.0—25.6| 2.8 7.6— 9.5 4.7 10.7| 9.1 11
Irozzki 56 87 |—73.2| 29.4/—32.8-59.2 24.8 11.2/-12.3] 9.0 15,2 12.5 11
Kofu 121 15| 34,4/-16,21— 8.4 4.2— 7.6 — 1.2/ 13.9— 2.4 14.1—- 1.2 10
lida 110 341 | 75.2|—65.6'—32.2 29.4/—35.2—12.8 11.3]— 6.8 11.4] 7.4 9
Shizuoka 43 20 | 110.2{—94.8 155.2 80.4|—67.4 135.6] 24,0—18.2 30.1| 20,5/ 10
Omaezaki 0 0| 104,0/—98.4 167.6 109,4|-1100. 163.0| 19.4/-17.2. 25.6 17.9
Hamamatsu 49 | 283 | 97.2|—70.4-33.0, 66.4/—43.0—-16,0° 6,8— 8 li 10,5/— 6.8 12
Nagoya 139 | 298 | 54.2/—25.6—14,2/ 28,0/—13.8~ 6.6 3.5— 1.6 3.9 2.2
Toba 129 | 263 | 42.0/—21.0—13.4] 21.0|— 3.2|— 3.2— 2.9— 7.6/ 7.9 3.1 12
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Fig. 7. Geographical distribution of maximum horizontal velocities in the case of a hypothetical
“Tokai earthquake” (Case 2).

iii) iz Table 2 iz, Case 2 it UTEE LK bAORAMBIZLL & KB DEBR S DRKIEE,
Fig. 7 KA EHBEE OIS TS X7 P VTR Uce WEEETORBIIMROT L1255, ®
PN AN THERS VD, B, MESEHAOHA, £2HE, BREIHEAOHSTHHEMD
KEIEFEOTEDBN B, WEENEILATORKMELEEOFMIZIZIEE S, RAUTRELIER

— 9 —



94 TP KR FTFESR H245B-1 (156. 4)

TOKAI
Case | Case 2 Case 3
logulf) Numazu Spectrum ';g ulf) Spectrum logu(f) Spectrum
3 -

[
00 01 0203 04 05 06¢crss 00 01 02 03 04 05 06¢css

00 01 02 03 04 05 06¢c/s
Fig. 8. Amplitude spectra of calculated ground displacements at 5 selected sites, in the case
of a hypothetical “Tokai earthquake”.
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Fig. 9. Calculated ground displacements of long-period body waves at 6 selected sites in
the case of a hypothetical “Atera fault earthquake”.
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Fig. 10. Calculated ground velacities of long period body waves at 6 selected sites in the case
of a hypothetical “Atera fault earthquake”.
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Fig. 11. Geographical distribution of maximum horizontal velocities in the case of a hypothetical

“Atera fault earthquake”.
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Table 3. Calculated maximum ground displacements and velocities of long-period body waves
at several selected sites, in the case of a hypothetical “Atera fault earthquake”.
L=60km, W=16km, HA=8km, D=2m, v=2,5km/sec, =2 sec

4 @ Max. Displ. (cm) | Static Displ. (cm) ‘ Max. Velocity (kine)  |Period
Location !

(km) | (deg)| EW | NS Z | EW | NS Z | EW ‘ NS ‘ H Z | (sec)
Takayama 49 | 348 9.2/ 30.4 6.0 1.2 180 2.8 6.0 6.0 84 14 7
Gero 17 | 313 | 80.0] 25.2|—20.0| 88.8—70.8 44.0—-37.6 49.0 6
Matsumoto 79 42 4,4 6.4 04— 4.8 2.0 02— 3.0 30 4.2 8
Nakatsugawa| 27 | 152 |-22.4—65.6/ 18.8 5.6/—59.2/ 13,6 —25.8—-25.4) 34.6 5.4 6
Tida 46 | 118 |-37.6| 13.2— 7.6/—20.8— 4.0 2.8-10.21— 9.0 13.4 3.0 6
Shizuoka 122 | 181 |— 9.6/— 8.8/ 0.4— 1.2 0.2[— 0.2— 4.8— 6,00 7.4 6
Hamamatsu | 115 | 164 3.6/— 6.8~ 0.4 1.2/— 2.4 0.2—4.2 L4 6.0 6
Nagoya 122 | 217 |— 3.2|— 4.4 0.2/— 0.2~ 1.2 0.2 22— 1.6 2.8 6
Gifu 65 | 241 7.6]— 5.2 0.2— 0.2— 1.2 0.2 26— 4.4 5.2 7
Fukui 110 | 111 |— 7.6] 3.2 0.4— 3.2 08— 0.2 14— 2.8 3.0 6
Kofu 109 92 |— 7.2 2.8~ 0.8— 3.2 0.2— 0.2— 10— 1.4 L6 6
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Fig. 13. Calculated ground displacements of long-period body waves at 6 selected sites in the
case of 2 hypothetical “Atotsugawa fault earthquake”.
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Fig. 14. Calculated ground velocities of long-period body waves at 6 selected sites in the case
of a hypothetical “Atotsugawa fault earthquake”.
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Fig. 15. Geopgraphical distribution of maximum horizontal velocities in the case of a hypo-
thetical “Atotsugawa fault earthquake”.
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Table 4. Calculated maximum ground displacements and velocities of long-period body waves
at several selected sites, in the case of a hypothetical “Atotsugawa fault earthquake”.
L=60km, W=15km, A=7km, D=1m, =2.5km/sec, 7=2sec
4 © Max. Displ. (cm) | Static Displ. (cm) Max. Velocity (kine) Period
Locction  |—— -
(km) | (deg) | EW | NS Z | EW | NS Z | EW | NS | H Z | (sec)
Toyama 41 10 5,20 10.4 3.0 3.0 60 18 13 21 =22 1.0 10
Kanazawa 50 | 301 7.2— 4.0— 1.8 40— 1.2- 02 16 19 25 14 9
Fukui 88 | 252 2.6/— 4.6)— 0.2 0.8— 1.8— 01 11— 4.2 43 L1
Matsumoto 7% 98 |— 7.2 40— L2—- 4.0 1.2-0.6-— 1.0 1.2 12 0.3 8
Takayama 23 | 153 |—11.6— 4.6|]— 3.2— 9.0/— 2.8— 3.0— 5.3/— 2.1 56— 1.9 10
Gero 58 | 171 [— 3.4/— 4.2 1.4— 0.6(— 2.6(— 0.1— 2.3— 0.7) 24— L1 9
Gifu 107 | 199 |— 1.0/— 2.4[— 1.4~ 0.4/— 1.2)— 0.1— 0.2— 0.4/ 0.4/— 0.9
Kamitakara 18 | 111 |-20.0, 9.0— 6,8~17.0(— 4.0|— 3.8~ 5.8 4.0} 7.0— 2.3
Mozumi 18 46 | 26,8 38.4] 18.4 21.0 350 20.6; 7.4/ 18.4 19.21 7.5
Sugihara 11 24| 24.4 26,4 13.0/ 23.6] 20.0/ 6.2 6.5 12.8 12.8 6.1
Ushikubi 19| 259 | 23.6;:— 88— 7.2/ 20.2— 50— 2.6 85— 80 10.7 5.0
Hogiwaki 25| 238 6.4/~14.0/— 1.4/ 16— 4.0— 0.2 7.5-13.0/ 15.0. 1.5
o 8o Mozumi /
s Iy RN o
20 kine Sugihara 847—’\0/ ()/?/
CD%(D 50 ,00 -
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Fig. 16. Calculated maximum horizontal velocities near the Atotsugawa fault, and the distri-
bution of damage (given by the collapse rate of houses in percentage) at the time of

the 1858 Hida earthquake (after

Usami et al., 1979).
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