
 
 

Figure 1.  Self-contained seismic data logger 

1  INTRODUCTION 
 
In recent years, highly accurate, low cost, battery-
powered, portable Electronic Data Recorders (EDRs) 
have been developed.  These devices use MEMS 

based accelerometer with acceptable accurate in high 
frequency response.  Their responses to strong motion 
or structural ambient vibration have not been 
discussed.  A self-contained seismic accelerometer 

with a dimension less than 89mm x 178mm x 25mm 
(3.5”x7”x1”) was selected for evaluation as showed 
on Figure 1.  It contains a tri-axes accelerometer with 
all needed electronic to store data up to 600 seconds 
per event.  With minimum power consumption, this 
unit with its internal battery can left on structure 
without any maintenance for more than a year.  With 
a individual unit price less than $1,000, it is a good 
alternative for data collection if data synchronization 
is not important. 
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ABSTRACT: Recent advance in sensor technology has greatly reduced size of both sensor itself and data 
logging device.  Today, a self-contained tri-axes seismic sensor with battery powered data logger can be packed 
into a 24 cubic inches space.  During a shake table test performed on a two-column bridge bent at University of 
Nevada, Reno, three self-contained seismic sensors were used to record structural responses.  Two were used to 
compare consistency of such devices and an additional one was used to evaluate a two units system 
performance.  In this paper, waveform recorded with self-contained sensor device has compared with traditional 
strong motion sensor and recording device.  Both waveforms showed very similar results.  Their frequency 
contains are also similar enough that demonstrates feasibility to use such device for damage detection on 
bridge. 

 
 
Figure 2.  Shake Table at University of Nevada, Reno 



2  SHAKE TABLE VERIFICATION 
 
The experiment was performed on a flared 2-column 
reinforced concrete bent specimen at the University 
of Nevada, Reno, as shown in Figure 2.  Figures 3 
and 4 show the design details of the 2-column bent 
specimen.  To simulate the mass of the superstructure, 

two mass units were added to compensate it, one 
from the 267 kN (60 kips) lead on top of the cap 
beam of the bent, and another from the 178 kN(40 
kips) concrete block set aside linked by a steel rod.  A 
schematic plot is shown in Figure 5.  Although the 
shake-table is capable to do bi-direction motion, the 
ground motion was driven in one direction only, the 

 

 
Figure 4. Detail rebar layout 

 
 

 
 
Figure 3. Flared column Specimen 



 
 
Figure 6. Sensor on the top of bent 
 

transverse direction of the bridge.  A total of three 
self-contained accelerometers with data loggers were 
installed on the specimen to obtain the acceleration 
responses of the bent.  Two of them were installed 
side by side at the base of the bent.  The third one was 
installed on the top of the bent cap, Figure 6.  
Schematic in Figure 5 shows how accelerometers 
were attached and secured to the specimen. 

Note that the vertical and horizontal gaps were 
deliberately fabricated on top of the flared column, to 
avoid the formation of plastic hinges below the flared 
portion on the columns. Also at the bottoms of the 
columns, the pin connection detail use reinforcements 
at the center of the columns extended into the base 
concrete while the outer reinforcements stopped and 
horizontal gaps were introduced. 

The experiment was carried out on December 7 
and 8, 2004.  During the test, the ground motion 
record at Sylmar station in 1994 Northridge 
Earthquake was used as the driving signal of the 
shake-table to simulation strong motions.  Its 
amplitude was scaled with different scaling factors, 
namely 0.15, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 
2.00, 2.50, 2.75, sequentially, in different tests to 
introduce different levels of damage.  Before and 
after each of the strong motions, an ambient input 
measured at a real bridge drove the shake-table to 
perturb the bent specimen in the corresponding 
damage level.  In between, four small amplitude free 
vibrations were also performed to provide another 
mechanism for identifying the system characteristics 
at different damage levels.  Table 1 lists the test 
procedure.  
 
3.  OBSERVATIONS 
3.1 Waveforms comparison from similar devices 
The waveforms from the two devices located at the 
bottom of bent were compared.  Since there is the 
difference in trigger setting on these two devices, the 
recorded waveforms need to be aligned before 
comparison.  Figure 7 showed both waveforms before 
and after alignment was done. The average difference 
in the first 5 seconds is 0.0014g with a maximum 
value of 0.1902g.  This represented a difference less 
than 1.6%. 
 
3.2 Comparison in Waveform with other sensor 
The waveform collected from the self-contained 
sensor was also compared with traditional force 
balanced seismometer.  The waveform traces were  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
compared as showed here in Figure 8.  Although 
there are some difference in lower amplitude 
response, in general, it is clearly that the both sensors 
have a very similar frequency and magnitude 
response.   

3.3 Comparison on sensitivities 
As shown in Table 1, unit 7657 and 9096, both 
located at bottom of bent, demonstrated a similarity 
in data logging with minor different trigger setup.  
Whereas unit 9097, located at top of bent, recorded 
all shake table tests.  It is thus possible that units can 
be setup in proper trigger level for seismic activity 
monitoring and damage detection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Schematic of shake table setup 
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3.4 Comparison in Frequencies response 
The Fast Fourier Transform (FFT) of waveforms was 
shown in figure 9.  It is clear that waveform from two 
different accelerometers have almost identical 
frequency contains. 
 

4.  CONCLUSION 
A self-contained seismic data logger has been 
evaluated by a series of shake table test.  Data 
collected showed it is as reliable as traditional force 
balanced seismic accelerometers.  Frequency 
responses as magnitude measurements were within 
reasonable variations.   
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Table 1. Shake Table Test Sequence and Associated Files 
 

Test Name Test Date &  End Time Conventional Sensor 
File name 

7657 9096 9097

Ambient-50x December 07, 2004, 1:35:08 PM try50.txt    
Sylmar-0.15x December 07, 2004, 2:14:18 PM Sylmar15pc.txt  #2 #2 
Ambient-50x December 07, 2004, 2:34:08 PM afterSylmar15pc.txt   #7 
Sylmar-0.25x December 07, 2004, 2:37:08 PM Sylmar25pc.txt  #5 #8 
Ambient-50x December 07, 2004, 2:58:04 PM afterSylmar25pc.txt   #10 
Sylmar-0.50x December 07, 2004, 3:01:34 PM Sylmar50pc.txt #4 #6 #11 
Ambient-50x December 07, 2004, 3:20:46 PM afterSylmar50pc.txt   #12 
Sylmar-0.75x December 07, 2004, 3:23:36 PM Sylmar75pc.txt #5 #7 #13 
Ambient-50x December 07, 2004, 3:49:18 PM afterSylmar75pc.txt   #14 
Sylmar-1.00x December 07, 2004, 3:51:58 PM Sylmar100pc.txt #6 #9 #15 
Ambient-50x December 07, 2004, 4:11:38 PM afterSylmar100pc.txt    

FreeVibration-1 December 07, 2004, 4:15:56 PM Freevib1.txt  #11 #19 
      

FreeVibration-2 December 08, 2004, 8:53:02 AM freevib2.txt   #22 
Ambient-50x December 08, 2004, 9:00:00 AM afterFreevib2.txt    
Sylmar-1.25x December 08, 2004, 9:08:58 AM Sylmar125pc.txt #7 #13 #23 
Ambient-50x December 08, 2004, 9:34:30 AM afterSylmar125pc.txt   #24 
Sylmar-1.50x December 08, 2004, 9:49:04 AM Sylmar150pc.txt #8 #14 #25 
Ambient-50x December 08, 2004, 10:13:44 AM afterSylmar150pc.txt   #26 
Sylmar-1.75x December 08, 2004, 10:17:14 AM Sylmar175pc.txt #9 #15 #27 
Ambient-50x December 08, 2004, 10:50:38 AM afterSylmar175pc.txt    
Sylmar-2.00x December 08, 2004, 10:53:42 AM Sylmar200pc.txt #11 #16 #29 

FreeVibration-3 December 08, 2004, 11:19:00 AM freevib3.txt   #31 
Ambient-50x December 08, 2004, 11:25:44 AM afterSylmar200pc.txt   #32 
Sylmar-2.25x December 08, 2004, 11:29:24 AM Sylmar225pc.txt #12 #18 #33 
Ambient-50x December 08, 2004, 12:14:38 PM afterSylmar225pc.txt    
Sylmar-2.50x December 08, 2004, 12:17:10 PM Sylmar250pc.txt #13 #20 #35 

FreeVibration-4 December 08, 2004, 12:43:48 PM freevib4.txt   #36 
Ambient-50x December 08, 2004, 12:50:48 PM afterSylmar250pc.txt   #37 
Sylmar-2.75x December 08, 2004, 12:54:18 PM Sylmar275pc.txt #14 #21 #38 
Ambient-50x December 08, 2004, 1:12:40 PM afterSylmar275pc.txt   #39 
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Figure 7  (a) Waveforms before align, (b) Waveforms after align 
 
 

 
 

Figure 8  Comparison of two different types of sensors 
 

 
 

Figure 9  FFT Comparison 


