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Synopsis

This note is the annual report of research activities of the earthquake disaster prevention
technology division in 2000. This includes researches such as: consistence of seismic
potential in various civil infrastructures; evaluation of the»system_fof road administrator
immediately affer éarthquake; evéluation of.seisr;)ic _safe.ty' 6f highway networks against
earthquakes; éuppdrtin_g system for e‘arihquaké diéaétér .prc;vention; method of risk estimation
for road network undcr earthquakes; development of real-time earthquake damage estimation
system for road and river facilities; maintenance of strong-motion observation sites. In

addition, this also includes accepted papers at congresses.
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" disaster countermeasure system, disaster prevention plan, regional plan, traffic control,

‘remote sensing, strong-motion observation, disaster prevention information system
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<Summary> :
Strong Motion Observation for Civil Infrastructures

Dr. Hideki SUGITA
Public Works Research Institute, Ministry of Construction, Japan

1. Introduction

From a viewpoint of earthquake engineering, earthquake observations are essential for understanding the
earthquake mechanism and characteristics of ground motion. Earthquake observations in the broadest sense of
the term include microtremer monitoring, broad-band monitoring, strong motion observations by accelerographs,
observations of the movement of the earth’s crust by GPS observations, and active fault surveys. This paper
presents a state-of-the-art of earthquake observation focusing on the strong motion observations of civil
infrastructures. :

2. State-of-the-art of Strong Motion Observation

The concept of strong motion observations was first realized in 1933 in the United States based on lectures by
Prof. Suehiro, Director of the Earthquake Research Institute of Tokyo Imperial University. In 1953, Japan’s first
domestically developed accelerographs (SMAC-type) appeared, and strong motion observation projects began -
following recommendations to the Prime Minister by the Natural Resources Survey Committee of the Prime
Minister’s Office (1953) and by the Science Council of Japan (1964). Following the 1964 Niigata Earthquake,
the Strong Motion Earthquake Observation Council was established at the National Research Center for Disaster
Prevention (now the National Research Institute of Earth Science and Disaster Prevention) of the Science and
Technology Agency in response to the need to accelerate the provision of strong motion accelerographs by
bodies constructing civil infrastructures and to coordinate and link strong motion observation projects. The
- activities of the Council are clarifying the state' of the installation of strong motion observation facilities,
studying ways to expand strong motion facilities, and publicizing principal strong motion records.

Figure 1 shows the state of the installation of strong motion observation facilities at civil infrastructures such
as river, road, dam, and sediment control facilities. The strong motion observations of civil infrastructures under
the jurisdiction of the Ministry of Construction began with the installation of a SMAC-type accelerograph at the
Sarutani Dam operated by the Kinki Regional Construction Bureau in 1958, and these observations are now
performed at a total of 432 locations throughout Japan. Figure 2, which shows the numbers of observation
facilities broken down by the type of structure observed, reveals that among river structures, most are installed at
levees, and among road structures, most are at bridges. Many dams and sediment control structures were
equipped with strong motion observation facxhtles followmg the 1995 Hyogo-ken Nanbu Earthquake. -

In Japan strong motlon observatlons are performed by a w1de range of orgamzatlons including the Science
- and Technology Agency, Meteorological Agency, Ministry of Transport, Ministry of Construction, local
government bodies, other public organizations (railways, gas companies, electric power companies), and
universities. Although the roles of strong motion observations varies according to the organizations, basic
concepts are a contribution for research activities of earthquake disaster prevention measures and a contribution
for urgent activities 1mmed1ately after earthquakes. :

“Law for Earrhquake Disaster Prevention Measures, 1995” was enacted and the Headquarters for Earthquake
Research Promotion was organized in the Prime Ministers Office as responses to the 1995 Hyogo-ken Nanbu
Earthquake. The Headquarters for Earthquake Research Promotion consists of a policy committee -and an
eanhquake research committee. The survey and observation planning subcommittee of the policy committee is
in charge of organizing and coordinating basic surveys and observations including microtremer monitoring, GPS
observations, active fault surveys, etc. and the dissemination of reports. The “Fundamental Earthquake Survey
and Observation Program, 1998” includes strong motion observations among basic survey and. observation
categories, and points out the need to complete a strong motion observation network on surface ground and to
establish a strong motion observation network on engineering bedrock.

The damage deveioped at the levees of the Yodogawa River by the 1995 Hyogo-ken Nanbu Earthquake
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demonstrated the need for disaster prevention measures of river facilities and for more strong motion observation
facilities to clarify the behavior of river management structures during earthquakes. Strong motion
accelerographs have been installed in river levees since 1978, with these instruments provided at 17 locations
during phase I and at 21 more locations during phase II of the installation program. Phase III of this installation
program call for necessary changes in the observation facilities—replacement and upgrading—at locations
established during phase I and phase II;-and for new observation facilities at 69 new sites between 1997-1999,

For the accumulation of strong motion records under diverse conditions, the phase III installation program
focused on (1) expanding the number of observation facilities 'in Type 1 and Type III ground where few
observation facilities had been installed before, (2) expanding observation facilities to fill regional blank areas,
(3) installing observation facilities in specific types of levees, and (4) 1nstallmg new observation facilities at
locations were ground improvement works have been executed

The 1995 Hyogo-ken Nanbu Earthquake Disaster was a sharp reminder that the initial response of civil
engineering structure managers to an earthquake must include immediate steps to designate the disaster area and
clarify the extent of the damage caused by the earthquake. The Ministry of Construction has improved the
immediate post-earthquake data collection systems by expanding the number of disaster response helicopters in
service and by digitalizing its disaster prevention radio network and has also established seismograph networks
that observe strong motion of surface ground along roads and rivers under MOC jurisdiction and instantly

. transmit the results to facility managers. Since 1996, the installation of new strong motion observation facilities
has been undertaken to achieve the goal of facilities at intervals of 20 kilometers in the Kanto, Chubu, and Kinki
regions and at 40 kilometer intervals in other parts of Japan. There are now strong motion observation facilities
in operation at 791 locations nationwide (as of April 1999).

To support the initial response to an earthquake by facility managers, it is essential to collect earthquake
motion data from throughout the region where the strong motion occurred and provide it to concerned bureaus
and agencies through highly reliable transmission channels within a few minutes after the occurrence of the
earthquake. Observation data from the observation facilities is automatically gathered at central offices at 10
locations throughout Japan and is then transmitted to the headquarters of the Ministry of Construction and to the
Public Works Research Institute. Because of restrictions on the capacity of the communication lines, the
observation information that can now be transmitted on linée is limited to maximum acceleration and SI values
that are specified values of earthquake motion, but preparatlons to provide these kinds of data by on a web page
are now in progress.

. 3. Strong Motion Observations for Earthquake Disaster Prevention: Prospects and Challenges
Now more than ﬁﬁy years after the start of strong motion observatlons of civil engmeermg structures in

Japan, the efforts of organizations establishing these facilities are being rewarded by the expansion of strong
motion observation facilities' and the steady accumulation of observation data. The observation data that have



been accumulated up till this time have been positioned as important resources for use in research to set seismic
resistance design standards for various kinds of structures and to devise disaster prevention measures. But it
must be pointed out that not enough data have been accumulated by observations of earthquake motion occurring
close to the epicenter that is the essential focus of strong motion observations. The role of strong motion
observations is to clarify strong earthquake motion properties near epicenters in order to contribute to future
strong earthquake motion evaluations, and near-epicenter observation data must be ‘accumulated as quickly as
possible. During the Hyogo-ken Nanbu Earthquake, near-epicenter observation data for a magnitude 7 scale
intraplate earthquake occurring under land was obtained for the first time in the history of strong motion -
observations, confirming the existence of a relatively long period spike shaped wave or earthquake disaster zone.
But there are many issues which can be considered only after the accumulation of more observation data such as
- the strong motion earthquake motion properties in cases of a nearby plate boundary type earthquake or a
magnitude 8 intraplate earthquake dlrectly under the land.

Because strong earthquake motion is a phenomenon with a high degree of randomness observations have
priority over analysis as a research method. Even future improvement of numerical analysis technology will not
result in much change to the role of strong motion observations in helping us understand new phenomena.

. 4. Strong Motion Observation for Crisis Management: Prospects and Challenges

As a consequence of the information technology revolution—the spread of digital strong motion
seismographs, the digitalization and increasing capacity of communication lines, and progress in network
construction technology—it is now relatively easy to put multiple strong earthquake motion observation
facilities on-line. On the other hand, as a result of the spreading awareness of the importance of crisis
management that followed the Hyogo-ken Nanbu Earthquake, many organizations responsible for carrying out
disaster prevention work when a large earthquake has occurred, are constructing and operating online strong
earthquake motion observation networks. The seismograph networks described above are infrastructures vital for
instant damage prediction systems that diagnose the possibility of facility damage immediately after the
occurrence of an earthquake (see Figure 3), and play an important role in providing guidelines to initial action
under circumstances where it is assumed that information disruption and blank areas will occur.

Methods of using an on-line strong earthquake motion observation network to quickly detect an earthquake,
estimate its epicenter location, and predict human and property damage are generally called real time earthquake
disaster protection systems. This paper has not touched on trends in real time earthquake disaster prevention
systems, but it is possible to define this as a new role for strong earthquake motion observations now possible
thanks to the information technology revolution.

Estimation of Ground Liquefaction Risks Estimation of Bridge Damage Risks

Fig.3 Urgent Damage Estimation using On-line Monitoring Strong Motion Records
N
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