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1INTRODUNCTION

Severd “Earthquake Alert™” devices, developed by EQ Technologies of P.O.B. 60124,
Pasadena CA, 91116 (Mr Ido Sternberg, CEO) were tested on the shaking table at Structural
Engineering and Earthquake Simulation Laboratory at the University at Buffalo - the State
University of New Y ork using past earthquake records. The devices were tested without having
any detail of their internal construction or operations, as “black boxes’. The instruments -
Earthquake Alert™ devices - are designed to trigger on small micro tremors generated by the
arrival of P waves of earthquakes before the arrival of the stronger S or Rayleigh waves. The
devicestriggered asiren and an LED was lit when the pressure wave arrives. The deviceis
designed to act as aswitch to close auxiliary circuits. The “switch” output of 10 VDC was used
to record the time of trigger and activation of the device.

The devices were mounted on atypical North American stand-alone cantilever partition wall
made of awood frame and gypsum boards. Eight (8) devices were tested with several devices
mounted at the bottom of the wall while others were mounted at the midheight and top of the
wall.

The testing used past-recorded earthquakes and several synthetic sine-sweeps of various
amplitudes. The ground motions were selected to have a distinct portion of the record with
pressure and shear wave-generated motion. Several past records from around the world having
various amplitudes were selected. Records from Mexico City (1985), Kobe (1995), Northridge
(1994) and Israel (1995, 2004) were selected for testing. All tests were done using simultaneous
three directions shaking.

The scope of this study isto:
() Determine consistency of the devicesto trigger earlier than the strong motion of the earthquake
(i.e. trigger on arrival of P waves before the S waves).
(b) Determine the consistency of the device to trigger at same levels of input, neither smaller, nor
bigger.
(c) Verify repetitiveness in triggering under same motion.

The tests were stopped immediately after the sirens triggered, without waiting for all significant motion to
occur. Some tests had to be repeated at a later stage, since the immediate stop after sirenstriggered was
premature in the observation of the s-wave arrival and observing the peak ground motion.



2 TEST SET-UP
2.1 Seismic Testing Facility

The Structural Engineering and Earthquake Simulation Laboratory at University at Buffaloisa
facility dedicated to structural dynamics testing (see http://seed.buffalo.edu). The laboratory
operates among other large testing systems a shake table of 23x23 ft (7.1x7.1m) table with six
degrees of freedom, of which can be individually and collectively programmed. The control and
the hydraulic actuation systems are capable to produce motion within the range of 0.1 to 100 Hz
with payload smaller than 17.6 kips (8 mtons). Thetableisusing aunique "Three Variable
Control System" based on feedback of displacement, velocity and acceleration and differential
pressures. This control allows high-fidelity simulation of earthquake motion and other vibratory
ground motions

2.2 Earthquake Alert™ Devices and test set-up

The Earthquake Alert™ devices (see views in Figure 1) are used to detect the first arrival of

weak pressure P-wavesin case of earthquakes, before the arrival of the more destructive shear Swaves
or Rayleigh surface shear waves. The devices are equipped with a motion sensor to detect

the basic motion and associated filters to reject false information. When the initial motion

reaches athreshold level, asiren (embedded in the device) sounds an alarm and simultaneously a
circuit is open (or closed) sending an output step function of 9 VDC. The step function can be

used to close or open acircuit to activate or deactivate sensitive systems, which need protection

during earthquakes. The output step function is used to record the time of activation of the

device. The P-Stime, defined as the time between the arrivals of shear S-wave and the pressure P-wave,
could be used for some preventive actions. However the P-S time of the earthquake

characteristics such as: (i) epicenter distance, (ii) magnitude, (iii) local soil conditions, etc.

Therefore, the devices may provide “warning” dependent of existence and length of the P-S time.

For the testing the above devices were placed on the shake table connected in vertical position to
ageneric 8 x 4 ft (2.4 x 1.2 m) vertical wall constructed from awood frame and gypsum boards.
(see Figure 2). Eight devices were tested simultaneously: (i) Three devices were placed directly
on the shaking platform; (ii) Two devices placed at 2 ft (0.6 m) above the surface of shake table
and (iii) Three devices placed at 6 ft (1.8 m) elevation above the shake platform.

The authors of this report were not instructed on any details of the construction of these devices
and therefore those are considered as “ black boxes” .

2.3 Instrumentation

The system was instrumented to get information on the achieved movement of the shake
platform in terms of displacements and accelerations in three directions, while instruments were
placed near the Earthquake Alert™ devices, on the wall, to obtain information of motion exciting
the devices. Moreover, the output of the devices was connected to separate DC circuits, which
were interrupted when the Earthquake Alert™ devices triggered. The externa circuits were
connected through proper wires to the data acquisition system.


http://seesl.buffalo.edu




Figure 9. Accelerometers on the surface of Shake Table (Platform): abotx, aboty and abotz



Figure 10. Rear view of the partition wall on the shake table platform
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5 CONCLUDING REMARKS

The evaluation of Earthquake Alert™ devices was performed using shake table testing
simulating past earthquakes. The simulations were made to the highest level that the equipment
could be tuned during the time-frame allocated for the testing.

It should be noted:

1)
2)

3)
4)

5)

6)

7)

8)

9)

The devices sensitivity as measured is above 5mg (median of several measurements)

The response of the devices is consistent, usually independent on the location, if the time
record has values larger than the minimum sensitivity.

The devices have a time delay of less than 0.5 seconds.

The devices reliably triggered on signals exceeding the minimum threshold independent
on the frequency content.

The devices did not trigger at high frequency noise, which was always present in the
testing equipment prior to the earthquake motions.

The time of “warning” depends on availability of low (3mg) and high (50mg)
acceleration waves representing P and S waves. The devices were able to detect a good
part of the difference between the arrival times between P and S waves (P-S time).

It should be noted that the warning time information is based description of the p-waves
and s-waves arrival depending on “arbitrary” definitions of thresholds. Larger thresholds
would probably show larger warning times. A user must consider the interpretations in
this report as an indicator of the sensitivity and reliability of the devices, not as absolute
values.

The warning time to the peak motion in the record is substantial exceeding 10 second in
most records and up to 40 to 50 seconds (in case of a far field record of Mexico City).
The devices as tested produce repeatable responses, and consistently triggered above the
specified minimum threshold.

The DATA presented in this report was obtained through testing and it can be used for other
interpretations. The INTERPRETATIONS in this report should only be used as support of the
evaluation of repeatability, sensitivity and reliability of the tested devices. The numbers used
for the interpretations should not be used for any other purposes that specified here.
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