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Project Description:

The main purpose of this project is to assessffeetweness of fiberglass wrapping in reducing
the corrosion degradation rate of concrete colunis. evaluate the effectiveness of the
technique, the research team will use four diffeemssessment tools:

(@) Half-cell potential measurements to assessosion rates in selected wrapped and
unwrapped columns.

(b) Sonic and ultrasonic non-destructive measungsnef the general structural integrity of
selected wrapped columns

(c) Travel-time tomographic imaging of three crssstions of selected wrapped columns

(d) Testing of concrete core samples to confirnm-destructive evaluation results and to
provide validation for the conditions of the wraggmlumns

Progress This Quarter: (Includes project committee mtgs, work plan statositract status,
significant progress, etc.)

WisDOT officials identified the thirteen bridges ane County, WI for this research project.
These bridges’ columns have been treated by wrgghem with fiberglass and epoxy to reduce



and prevent corrosion of the steel rebars anddoce the degradation of the concrete. Table 1
summarizes the WisDOT name and location of the Mamenty bridges with fiberglass-wrapped

columns.

The bridges were visited by the research team guwo weeks in May 2007. The survey
included visual inspection, digital photographyddight-tapping with a mallet to evaluate the
integrity of the fiberglass-wrapped columns. Durithg visual inspection, the research team
identified several heavily damaged columns (e.glgdxd failure at the column bottom, complete
wrapping failure, etc.). Examples of the identifiddmaged columns are shown in Figure 1.
Table 2 summarizes the survey results.

Table 1: Location of bridges with columns treatathviiberglass wrap.

Bridge Date.of f!ber Location Bridge Date.of f!ber Location
application application

B-11-17 Mid-1990's Ct-K / IH90/94 B-28-45 Mid-19%0 Ziebell Rd. / IH94
B-13-113 | Mid-1990’s Ct-AB / IH90 B-28-50 Mid-199%’ Ct-F / IH94
B-14-144 | 2006 Church St. / IH90 B-53-65 Mid-1990’s | USH 14 /1H90 EB
B-13-172 | 2006 USH51NB / IH90WB B-53-66 1994 USH/IH90 WB
B-28-35 Mid-1990’ Airport Rd / IH94 B-53-71 Mid-B®’s STH59 / IH90
B-28-40 Mid-1990's STH 89 /1H9%4 B-53-75 Mid-1980’ Ct-M / IH90 WB
B-28-43 Mid-1990's Ct-Q / IH94

Table 2: Summary of investigated columns

Bridge Number of bridge Number of fiberglass- ’:‘lilkj)ZrZIez;sosf-\(fjv?;?)?)%?jd Column location in the highway
columns wrapped columns columns

B-11-17 9 3 0 NB(2), SB(1)
B-28-35 9 2 0 EB(2)

B-28-40 9 3 0 EB(2), WB(1)
B-28-43 9 1 0 WB(1)

B-28-45 9 2 0 EB(2)

B-28-50 9 2 0 EB(1), WB(1)
B-13-113 9 9 0 NB(3), SB(3), Center(3)
B-13-144 9 6 0 NB(3), SB(3)
B-13-172 8 4 0 WB(4)

B-53-71 9 4 1 NB(3), Center(1)
B-53-75 8 4 0 EB(4)
B-53-65 12 5 2 EB(3), WB(2)
B-53-66 15 5 0 EB(3), WB(2)




Figure 1: Failed fiber wraps in bridges (a) B-53-0065 (EBedtron), (b) B-53-0065 (WB
direction), and (c) B-53-0071 (NB direction).

The research team also evaluated traffic levelsestichated the available working space to help
decide which columns would be selected for testingng the research program. The research
team also requested input from WisDOT officialsameiing:
(a) WisDOT's salt application protocol and schedule
(b) Bridges' year of construction, year of fiberglagapvapplication, and the condition of the
columns at the time of fiberglass wrap application
(c) The fiberglass wraps’ specifications for all suredyridges
(d) The research team also requested WisDOT suppodilect concrete cores and evaluate
the chloride ion content (WisDOT will support tlaistivity)

The research team used this information to selegtt eéolumns for in-depth evaluation (e.qg,
sonic testing, travel time tomographic imaging,fitall potential readings, and chloride ion
content) based on the overall range of column d¢mmd, column and wrap types, wrap ages,
testing environment, safety of the working crewd amnimal traffic disruption. In this quarterly
report, preliminary results for the eight reprea@imeé columns are presented. Table 3 and Figure
2 summarize the location of these representativdgés and columns.

Table 3: Summary of tested columns

Bridge Location Column Color Wrap height
_ Col. A cream wrap 1/2
B-28-45 | 100 cg) Col. B cream wrap 213
Col. C unwrap 0
Col. A gray wrap 1
B-53-71 | STH59/IH90 Col. B gray wrap 1/3
Col. C cream wrap 213
B-14- Church St. / Col. H gray wrap 2/3
144 IH-90 (NB) Col. G gray wrap 2/3




B-14-144

Figure 2: View of tested columns in three different bridges.
Preliminary Testing Results

The research team tested a total of eight differehtmns to evaluate the integrity the concrete in

the fiberglass-wrapped and non-wrapped columnssd tests include:
P-wave velocity measurement3:wave velocity data were taken along vertical and
horizontal cross sections. Figure 3 shows the ngs8etup with the piezoelectric
accelerometers, instrumented hammer, signal comndity system, and oscilloscope.
Figures 4 to 6 present cross-section P-wave vglpedfiles. This information constrains
areas of low velocity that are an indication ofedigtration in the concrete. Low-velocity
areas were then profiled using P-wave tomographniages. Figure 7 and 8 show the
internal velocity distribution within the concratelumn along a vertical plane.
Ground penetrating radar (GPREIlectromagnetic wave velocity data were colledtzd
image degradation and moisture distribution. Fig8rgresents an example of GPR
tomographic images. Areas of low velocity are atidation of large water content that
may lead to corrosion activity in the reinforcirebars.
Half-cell potential Half-cell potential measurements were collectedhbnitor corrosion
activity behind fiberglass warps. Figure 10 sumaesithe procedure for data collection
above and below the fiberglass in concrete commeidf-cell potential data were
collected both in wrapped and unwrapped column® data collected in unwrapped
columns provide a bench mark to evaluate whetlerdiass wraps reduce the corrosion



activities. Figure 10 presents an example of half potential data (Low half-cell
potential measurements -most negative values-raiedécation of corrosion activity).
Chlorine ion contentSamples for the evaluation of chlorine ion contantoncrete paste
were collected in both wrapped and unwrapped cofunirhis information will be
compared with data collected after the Winter ehgvseason to evaluate the effectiveness
of the fiberglass wrap in reducing the ingresstdbine into the columns

Figure 3: View of piezocrystal accelerometers, instrumentaehimer, oscilloscope and data
acquisition computer used in the measurement oafRwelocities.
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Figure 4: Measured P-wave velocities on column A (fiber-glasapped column — wrap
indicated by the shaded area).
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Figure 5: Measured P-wave velocities on column B (fiber-ghasapped column — wrap
indicated by the shaded area).
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Figure 6: Measured P-wave velocities on column C (unwrapgmdamn).



Figure 7: P-wave tomographic image of fiberglass wrappedrool B on Bridge B-15-45
(parallel to traffic direction). The image showgyteded concrete areas near the bottom.

Figure 8: P-wave tomographic images of fiberglass wrappéwuheo B on Bridge B-15-45
(perpendicular to column axis). The image showsatbsyl concrete areas facing traffic
direction.



(@) (b)
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Figure 9: Half-cell potential and chlorine ion content datal sample collection. (a) Drilling of
concrete column. (b) Collection of concrete pamvger for chlorine ion concentration
estimation. (c) Half-cell potential measurementsvadthe fiberglass wrap. (d) Access to the
concrete column below the fiberglass wrap.
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Figure 9 (continuation): Half-cell potential and chlorine ion content datad sample collection.
(e) Half-cell potential measurements below therfyteess wrap. (f) Electrode connection to steel
rebar. (g) Epoxi-injection to the drilled hole. ffixed hole covered with duct tape.



Figure 10: P-wave tomographic images of fiberglass wrappdéahao A on Bridge B-15-45
(perpendicular to column axis). (a) Data collecsetup. (b) GPR tomographic image.



Figure 11: Half cell potential results in Bridge B-51-71 colarB. Wrapped areas seem to have
the largest corrosion activity



Work Next Quarter:

Data collection is being completed before the wi&ffic begins. During the rest of Fall and
winter, the research team will interpret and analywe data with the intent to evaluate how well
the fiberglass wraps reduce/control corrosion #gtim the bridge columns. Finally in late
Winter and early Spring, the research team willemImore half cell potential and chlorine ion
content data to evaluate the effect of salt sausiplashing on the corrosion activity of fiberglass
wrapped columns and the associated corrosion Bctivi

Circumstances Affecting Progress/Budget:
Nothing to report

Gantt Chart:

Nov/Dec | Jan/Mar | Apr/Jun | July/Sep | Oct/Dec | Jan/Mar
Tasks ‘06 ‘07 ‘07 ‘07 ‘07 08
0. theratu_re review an_d 100 %
corrosion instrumentation
1. Survey of wrapped columns 100 %
2. Half-cell potential 50 %
measurements
3. Non-destructive Evaluation 80 %
4. Retrieval of CISamples 40 %
5. Analysis and Interpretation 35 %
6. Final Report




