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Staged construction and rehabilitation projects may expose fresh deck concrete to adjacent lane loads

Debonding of reinforcement causes cracks in the concrete to bypass the reinforcement, jeopardizing structural integrity

Limits on vibration are given in terms of velocity, the direct measurement of which is not always feasible
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[CAD drawing to be completed]

Left lanes were closed north and south bounds
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Sensors have unique electronic IDs that are recognized no matter what wiring scheme is used.  

Each additional base station can increase the range by an extra 300 ft.

Cons:
Line of sight between junction boxes and a base station is typically required for stable signals
Battery life is limited to ~8 hours
Data acquisition is limited to 100 Hz for larger data sets (> 10 min)
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Openings had to be cut in the scaffolding to allow for a clean signal to ground level.  The LDV was aimed through the openings onto reflective tape attached to the girders
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Acceleromters, strain transducers, and reflective tape were all attached underneath the bottom flange

The two rebar accelerometers were located approximately 3 feet from the stringer accelerometers because of boundary conditions close to the stringer (welded carrier bars)

Rebars were instrumented before and after 100% tiedowns were achieved, and ultimately embedded in the concrete

Could not acquire LDV access to the stringer.
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Units in standard gravity.

Tiedowns were effective.  Tiedown specifications differ among state authorities…typically 100% intersections for spacings > 1 ft.  For substantial vibrations, the top and bottom mats can be tied intermittently to further reduce top bar vibrations.
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Typical raw data.

Where LDV is not feasible, the strain records can be used to determine the forced vibration boundaries graphically.  The boundaries are user-selected at the ends of the segment where the signal has significant amplitude and is not oscillatory about zero.  This is more difficult to determine from acceleration and velocity records, which are more sensitive to noise and small loads.

From the strains of the three girders superimposed on the top figure, it can be seen that the three plots intersect each other near the selected forced vibration bounds.  This shows that the forced vibration segment corresponds with the presence of the heavy vehicle on the span, so that the forced response starts and ends at the same time for all loaded components on the same span (simply supported spans).  For this reason, a single set of integration bounds should be applicable for all the loaded components of a span.
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The estimate closely follows the curvature of the LDV measured displacement
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The free vibration segments contain primarily noise.  These insignificant portions of the response are amplified by the omega square factor in the denominator, often resulting in an overestimate.
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Some estimates resulted in more severe distortion when truncating the forced vibration segment.  Significant contributing portions of the response are erroneously removed, and unknown initial conditions are introduced
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Velocity estimates significantly more accurate (less than 5 % error typically), because we divide by omega instead of omega squared.  Consistently among the results, it was shown that an accurate displacement estimate guaranteed an accurate velocity estimate.
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This shows that the decrease in relative rebar velocity is not a function of a change in traffic loads as time passed.  Even as the absolute velocities of stringer/rebar spike upwards at around 4 hours age, the relative velocities continue to decline.
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There is initially significant rebar velocity and acceleration amplitude relative to that of the stringer.  Without LDV or LVDT validation of the results, we can observe that the rebar response clearly oscillates about the stringer response, which is the expected result logically.
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There is still some relative amplitude of the rebar relative to the stringer at 49 minutes, but that seems to mostly die out at around 68 minutes.  It should be noted again that the stringer and rebar locations of our accelerometers were separated by about 3 feet transversely, so some of the relative motion observed at 68 minutes may be treated as error.
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At 125 minutes since embedment of the rebar, even the accelerations have become very similar (acceleration is more sensitive than velocity).  Again, this is the expected behavior, offering validation of our estimates.
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Since experimental verification of rebar bond was not an option, an analysis of the rebar and stringer frequencies is presented in lieu of ultrasonic or concrete coring testing.

After 49 minutes of embedment, there is still a significant difference in the major contributing frequencies of the rebar and stringer responses.  After 68 minutes, they begin to share the first natural frequency (~17 Hz), suggesting they are vibrating more closely in unison.
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At a much later age of 4 hours, it can be seen that even the minor frequencies are essentially the same for stringer and rebar.  This result is consistent up through 3 days of concrete age, suggesting that there are no substantial anomalies in the concrete surrounding the rebar.
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TIME ELAPSED : ~23 minutes
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