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Study on damage and caused by recent large earthquakes and
earthquake-proofing in Japan and the USA
by Hiroshi SAKURAI, Koich AYUTA, Noboru SAEKI and Masanobu SINOZUKA
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Earthquake | In 1993 In 1993 In 1994 In 1994 In 1995 in 1989 In 1994
Kushiro-oki | Hokkaido Hokkaido Sanriku Hyogoken Loma Prieta | Northridge
Earthquake | Nansei-oki | Toho-oki Haruka-oki | Nanbu Earthquake | Earthquake

Earthquake | Earthquake | Earthquake | Earthquake

Time 20: 06, 22:07 22:23 21:19 05:16 17:05 04:31

Occurred 15 January |12 July 4 October 28 December | 17 January | 17 October | 17 January

(local time) 1993 | 1993 1994 1994 1995 1989 1994

Location of | 42.9'N 425'N 43.5°'N 40.4°'N 346'N 37.I'N 342 N

seismic 144°E 139.1'E ‘14.9°E 143.TE 135.0°E 121.9W 1185 W

center

Forcal 107km 10km 50km 20km 10km 18km 18km

Depth

Magnitude 7.8 78 8.1 75 7.2 7.0* 6.7"

* the Richter scale
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Earthquake In 1993 In 1993 In 1994 In 1954 In 1995 In 1989 In 1994
Kushiro-oki Hokkaido Hokkaido Sanriku Hyogoken Loma Prieta | Northridge
Earthquake Nansei-oki Toho-oki* Haruka-oki Nanbu Earthquake Earthquake
Earthquake Earthquake Earthkquake | Earthquake
Farality | Dead 1 202 - 2 5462 62 (3]
Missing = 29 " = 2 | -
Seriously injured 2] 81 a =
35080 65 over 5000
Slighty Injured 657 240 227 285
Damage | Damage to roads (DTR) DTR:9%4 DTR: 711 DTR: 44 DTR:28 DTB*: DTB: DTB:
to const- | Damage to bridge (DTB) Seriously : 303 | Seriously:13 *| Seriously: 46
ruction | Tatally demolishe house {TDH) TDH:18 TDH :558 Slightly : 6441 | Sligthtly:91 | (Collapsed: 7)
Partially demolished hauses (PDH) | PDH : 182 PDH 247 PDH:17 PDH: 128 TDH & PDH : Silghty : 240
Collappsed cliffs (CC) cC: CC:3 107388
DTR: 665
CC:182
Amount of damage About ¥70 About ¥1323 |About ¥9 About ¥842 |About ¥10 $6-7 billion $15-30
billion billion billion billion tritlion (in 1989 biltion
dollars) (prefiminary
damage
estimate)
* 1: Excepting the north territory of Japanese (Tishima island chain) * 2: Damage of piers of express way
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New or Existing Structure?

‘ Existing

}_—

Yes or
Enforcement

Does enforce investigation of
soundness to structure ?

(Are there data on the degree of
deterioration to the structure? )

—

|No

Input degree of
deterioration
data

Input Year of evaluation

(Input service year in planing)

l

l

1

I

Input Deterioration Input form, size Input data Input assumed
Factor (External strength etc. of on
factor) structure foundation earthquake force.

|

deterioration

Estimate
dndex

——

|

Predict change in bearing strength

‘ with deterioration

1

‘ Predict change in ductility ‘

with deterioration

Dynamic Static
Analysis Analysis
check Stablility of Unstable
structure
Stable

Calculate sectional force
caused by earthquake

[ Calculate bearing strength of member

]

[

‘ Evaluate safety

1

[ Estimate cost of maintenance & management ‘

-1

I

l Enforce measure ‘

o |
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