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Slightest movement

Early detection of earthquakes can save lives

hen an earthquake begins,

earthquake early warning sys-

tems (EEWS) detect the initial
low-amplitude ground motions in real-time
and perform a very rapid assessment of the

potential severity of the seismic event.

As a result, citizens using roads, tunnels and
bridges can be alerted and lives can be saved.

There are multiple applications for EEWS,
based primarily on the functionality, number
of sensors and their geographical distribution:

e Warn people about an oncoming earth-
quake so they can move to a safer location;

e DPerform automatic response measures like
shutting down transportation routes and
structures, as well as gas pipes, electric motors
and other high-hazard machinery; and

e Help build quasi real-time knowledge for
organizations or companies that operate in
large geographical areas, using the estimated
damage distributions due to the strong
ground motion.
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The automated response is extremely
important in the infrastructure and transporta-
tion areas, where traffic can be slowed or
completely shut down in the critical sections.
Entrance into tunnels or bridges can be halted
by means of traffic lights, barriers or variable
message signs.

The EEWS is not viewed as a substitute
for a seismic-resistant design of the civil
engineering structures, but rather a means to
minimize potential risk to human lives and
financial losses.

The EEWS based on the P-wave detection
method uses information about the earth-
quake derived from the smaller-amplitude
compression wave that propagates faster in the
solids than the larger-amplitude shear wave,
called an S-wave.

On-site EEWS installed at facilities such
as roads and bridges detects the primary
wave and issues a warning that can be used
instantaneously if an automated response
mechanism is implemented. The advantage
of this approach is fast response, installation
of a limited number of sensors within a small
area and use of the private networks that are
independent of the Internet, which often



becomes unstable immediately after or
during an earthquake.

The last feature frequently becomes
a bottleneck of network-based systems
that are forced to use satellite com-
munication channels that increase
maintenance cost over extended periods
of time. As a result, an on-site EEWS
is easier to use and offers the lowest
operational cost in the long term.

Waves of P and S

An EEWS is installed at the George
Massey Tunnel on a major highway near
Vancouver, B.C.

The design of an on-site EEWS
for critical facilities, based on P-wave
detection, requires knowledge of local
seismicity, analysis of strong-motion
records and local geological settings.

The first system in western Canada
incorporating this information was
implemented by Weir-Jones Engineering
Consultants Ltd. of Vancouver in 2009
to provide earthquake early warning and
highway closure for a 2-km-long tunnel
on a major highway in British Colum-
bia—one of Canada’s most seismically
active regions.

The tunnel site may be subjected to
strong earthquake shaking from three
distinct source regions: deep earthquakes
within the subduction plate (50 to 60
km beneath the site); giant subduction
earthquakes about 150 km to the west;
and shallow crustal earthquakes in the
surrounding region.

The seismic waves can be roughly
divided into the primary (P-wave),
secondary (S-wave), Love and Rayleigh
waves. A typical speed for the P-wave is
~5-6 km/s, and the speed of the S-wave
is »3 km/s. The modern EEWS is based
on the principle of detecting a P-wave
that propagates away from the seismic
source faster than a more destructive
S-wave, and serves as a precursor of the
coming destructive ground shaking.

The makings of an
early warning

The EEWS equipment consists
of a set of triaxial vibration sensors
installed below the ground surface.
Mechanical vibration is converted into
a fluctuating voltage signal that is digi-
tized using a 24-bit analog-to-digital

converter. Multichannel data streams
are merged by the data acquisition
equipment and sent to the central
processing computer via local network,
which does not rely on the Internet for
its operation. Time synchronization

is achieved using GPS technology.

The central computer runs the seismic
detection and proprietary classification
software, which continuously analyzes
data streams and triggers only when a
set of multiple criteria is met.

These features enhance the reliability
of the hardware/software system and
guarantee accuracy of the issued alarms.
Due to the multiple redundancies built
into the system, a failure of individual
components or subsystems has limited
effect on the overall performance. For
example, if a subset of the sensors fails,
the software parameters will be adjusted
to work with the remaining ones. Only
high-reliability components were used to
build the system, which has been operat-
ing continuously for more than two years
without a failure or a false alarm.

The output of the EEWS is a binary
signal, i.e., yes/no, reporting the absence
or presence of a precursor of the strong
ground motion associated with the
S-waves. If the early warning system
reports a positive state, meaning a target
P-wave is detected, the central computer
will generate a visual and audio alarm
and will close the electric circuit con-
nected to the external alarm subsystem.

This autonomous decision making takes
less than a second.

Taking two approaches

With respect to the EEWS, generally
there are two approaches: network-based
and on-site systems.

The network-based system covers
a large territory close to the potential
epicentral area and uses information
from the multiple sites to trigger the
alarm. The on-site systems are designed
to protect an individual facility and are
installed on a very small geographical
area. Generally, the on-site systems
work much faster, but the warning time
they provide can be smaller than for
the network-based systems. The choice
between these two options is mainly
controlled by the peculiarities of the
seismic-hazard mitigation problem, geo-
graphical settings, budget and capabilities
of the recipient facility to respond to the
warning within the limited time frame.

The on-site EEWS are designed to
minimize potential losses that strong
ground shaking can produce. Imagine
a high-risk facility such as a hospital or
municipal utility that contains equip-
ment sensitive to dynamic forces. The
alarm triggered by the P-wave can shut
down dangerous processes, close gas
pipes and stop electrical motors, mini-
mizing potential damage to the facility
and the surrounding environment and
even saving lives.

The EEWS equipment consists of a set of triaxial vibration sensors installed below the
ground surface. Mechanical vibration is converted into a fluctuating voltage signal that is
digitized using a 24-bit analog-to-digital converter. Multichannel data streams are merged
and sent to the central processing computer via local network.
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The alarm triggered by the P-wave at an on-site EEWS can shut down dangerous
processes, close gas pipes and stop electrical motors, minimizing potential damage to the
facility and the surrounding environment and even saving lives.

A drop in risk

The ultimate success of the EEWS
is measured in terms of reducing
the risk to human lives and valuable

assets due to a seismic hazard. The
benefits are obvious: it provides an
early warning—from a few seconds to
dozens—allowing operators to stop

critical processes; it informs people
about the coming destructive ground
shaking; it reduces potential damage to
vulnerable components and subsystems;
and it continuously records several
months of the ground vibration for
further post-processing and engineering
investigations.

In our experience, the cost of the
EEWS is a small fraction of the dam-
ages that might result from a severe
earthquake in densely populated urban
areas. The supplementary cost to install
one of the systems at a major structure
or building such as a bridge, tunnel,
school, hospital or water treatment plant
is small, probably less than 0.25% of the
capital cost. R&B

Weir-Jones is a mining engineer and president of
Weir-Jones Engineering Consultants Ltd. in Vancou-
ver, B.C. Zaicenco is a seismologist and research
scientist at Weir-Jones Engineering Consultants Ltd.

For more information about this topic,
check out the Bridges Channel at
www.roadsbridges.com.
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The most complete and accurate Vehicle Installed Distance
Measuring Instruments on the market. Installs in any
vehicle in your fleet while storing calibration factors for
4 different vehicles. With WAAS enabled, typical GPS
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July 9, 2012
REQUEST FOR LETTERS OF INTEREST FOR DESIGN-BUILD SERVICES

The Missouri Department of Transportation (MoDOT) is soliciting Letters of
Interest from companies interested in providing Design-Build services for the
Route 364 Page Avenue Phase 3 Project in St. Charles County, Missouri.

The project’s primary purpose is to build a connection from Route 364 Page
Phase 2 at Route 94 and Mid Rivers out to the interchange at Interstate 64.

One Design-Build team will be selected to design and construct the project
consistent with the Record of Decision, approved by FHWA in January 1993.

In addition to design and construction, quality management, maintenance of
traffic and environmental management may be included as part of the contract.
MoDOT will use a Best Value selection process to evaluate the ability of the
Design-Build proposers to meet or exceed the project goals.

An informational meeting is scheduled from 9:30 a.m. to 11:30

a.m., Monday, August 6, 2012, at MoDOT’s St. Louis Office, 1590
Woodlake Drive, Chesterfield, MO 63017. It is anticipated the Request

for Qualifications (RFQ) will be released this same day. At the meeting, a
presentation will be made on the project, followed by a question and answer
period and time for networking.

Firms interested in receiving Route 364 Page Avenue Phase 3 Design-Build
information should send a one-page Letter of Interest to MoDOT by registered
mail, or similar delivery method that indicates proof of receipt, no later

than Wednesday, August 1, 2012, to ensure that you receive all information.
An email will also be accepted to Route.364@modot.mo.gov. The Letters

of Interest will allow MoDOT to compile a list of interested companies for
notices and any announcements relating to the Route 364 Page Avenue Phase 3
Design-Build Project.

Address all letters to:

Mike Castro, P.E. M L ] DGT

Missouri Department of Transportation ,"‘“
1590 Woodlake Drive
Chesterfield, MO 63017

Include in your Letter of Interest the company name and a contact person at
your company including, address, phone and fax numbers, and e-mail. Please
indicate if your firm is a Disadvantaged Business Enterprise (DBE).

Write in 773



