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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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Problem Statement

* Bridge deck concrete at early age may be
subjected to vibrations due to adjacent lane traffic

* High rebar velocities relative to adjacent concrete
can weaken rebar bond

* Direct measurement of displacements and
velocities of bridge components can be difficult
and impractical
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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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Objectives

* Obtain field measurements of accelerations,
velocities and displacements of bridge components

* Estimate bridge velocities and displacements from
accelerometer data

* Investigate deck rebar debonding due to adjacent
traffic vibrations
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RUTGERS Introduction

Rebar Debonding on the Delaware River
Turnpike Bridge (Structure No. P0.00)

* Adjacent lane vibrations can
damage paste-aggregate bond and
paste-rebar bonds

o Cracks circumnavigate
aggregate when the binding
paste is still weak (early age)

o Coring samples showed smooth
rebar imprints with shallow rib
depth, signifying poor epoxy-
coated rebar bond

RUTGERS-RIME




RUTGERS Introduction RUTGERS-RIME

Rebar Debonding on the Delaware River
Turnpike Bridge (Structure No. P0.00)

Rebar Acceleration

||||||

Stringer Acceleration

Time (s)
» Results showed that the rebar vibration relative to

the deck was significant, prompting additional
investigation on other bridges
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Summary of Field Testing Program:
Hackensack River Bridge

* Directly measure girder accelerations, velocities,
displacements, and strains

* Monitor bridge dynamic response during the deck pour at
S different phases:

A A

At 50% tiedown of rebar intersections
At 100% tiedown of rebar intersections
During concrete placement on span
During the first 4 hours of concrete age

At 3 days concrete age
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Bridge Details and Instrumentation

* Stringer and floor beam systems in the approach
span

* Center portion of the roadway was poured for two
simple spans

110" 10-6" 106" - 10-6" 10-6" 11'-0"
Lane | Lane | Lane Work Zone Lane Lane  Lane
I ITTITTI_TT T T syringer
-~ Floor
Beam
Girder

Bridge cross section 8
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[CAD drawing to be completed]

Left lanes were closed north and south bounds
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Testing Equipment
Structural Testing System (STS) by Bridge

Diagnostics, Inc. (BDI)

* Modular data acquisition system

* Rugged and allows for arbitrary wiring

Transducer Junction box Base station

Computer

Wired (50 ft ) Wi-Fi (300 ft ) Wi-Fi (~50 ft)
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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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Accessibility

» Ease of access via
scaftolding

* LDV access to only 2
girders out of 4

10
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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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Instrumentation
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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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Instrumentation
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Rebar Tiedown Conditions

* Vibration comparison of 50% vs 100% tiedowns
of rebar intersections
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50% Tiedowns of Rebar Intersections

Top rebar acec. = 273% Bottom rebar acc.
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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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Isolated Forced Vibration Response
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— >

Vibration Vibration Vibration
60
- ---S1
_ 40 | NN\ - —S2
Strain 20 4 -
X10_6 0
-20
8.0
Displacement 4.0
(mm) 0.0
-4.0
800
Acceleration 0
( mm/s/s)
_800 | | | | |
82 83 384 85 86 87 88

; 15
Time (sec)


Apresentador
Notas de apresentação
1 – 2 minutes

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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Typical Girder Displacement Estimates

The user can approximate the bounds of integration
osraphically for isolated forced response segments
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The estimate closely follows the curvature of the LDV measured displacement
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Typical Girder Displacement Estimates

A 10% expansion of the integration interval
typically results in an overestimate of 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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Displacement (mm)

Typical Girder Displacement Estimates

A 10% contraction of the integration interval
typically results in an underestimate of displacement
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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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Typical Girder Velocity Estimate
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10 ,
\
l
1
I
5 “”lln‘ '\|II|
B n{\ llll'\ '\'\|
) H IR
— |||"| Al \\ II‘ | i\
= ,\f ‘”\!' N WY n ,"ll"l
~ 0 I, vy (& ’| ! “ n,u F
A |
? A l\,"!, ) ,‘lr‘ll\lll n,"\,"n ,'lll| |
&) WY e °
S ALY
o -5 + ‘ W
> L‘,
-10 | | | | |
374 375 376 377 378 379
Time (sec)

380

RUTGERS-RIME

19


Apresentador
Notas de apresentação
< 1 minute

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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Rebar and Stringer Velocity Estimates

Velocity (mm/s)
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The same bounds of integration used to estimate the girder
response are applied to the rebar and stringer acceleration data

The Arebar global response and ¥ stringer global response
fluctuate due to different live loads

Meanwhile, lrebar relative velocities steadily diminish
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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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Rebar and Stringer Velocities over Time

26 Minutes Concrete Age
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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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Rebar and Stringer Velocities over Time

49 Minutes Concrete Age
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Rebar and Stringer Velocities over Time

68 Minutes Concrete Age
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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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Rebar and Stringer Velocities over Time

125 Minutes Concrete Age
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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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Rebar and Stringer Frequency Spectra
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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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Rebar and Stringer Frequency Spectra
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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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1. The estimation procedure can be applied to
highway traffic when heavy vehicles are
sufficiently isolated

2. A specific set of integration bounds that yields
accurate estimates for one bridge component can
be used to evaluate the responses of other loaded
components in the same span

3. Given the accuracy ot the bridge response
estimates and the margin of safety provided by
the conservative vibration limits, there was no
evidence to suggest threat of debonding of

reinforcement .
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* A more rational method is needed to determine the
bounds of forced vibration. Weigh-in-Motion (WIM)
sensors at the bridge supports may be used to signal
the start and end times of the span loading.

* Adequate development of rebar bond can be verified
experimentally by obtaining coring samples above the
top layer rebar. Alternatively, nondestructive
ultrasound testing may be performed

* Laboratory work can done to model the extreme
cases of vibration that can occur in the field. Upper
limits on vibration may be more accurately detined.

28
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TIME ELAPSED : ~23 minutes
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