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detection of subsurface defect:: 'to ensure continued structural
Integrity

— High speed data acquisition
— Easy data interpretation, specially for IRT




Past Research at WVU

* Laboratory investigations on many Glass Fiber
Reinforced Polymer (GFRP) composite bridge deck
specimens with embedded debonds and delaminations
using the digital infrared camera and GPR equipment

« Field infrared testing and evaluation of :
- GFRP bridge decks
- GFRP wrapped components in timber railroad bridges



Basic Methodology (IRT)

* Infrared Thermography measures the
temperature differences on the surface, by
measuring the radiant emission

* Subsurface voids will affect the rate of heat flow
through a structure, thereby resulting in surface
temperature differentials

By measuring the surface temperatures the
subsurface defects can be located



Infrared Monitoring System

Digital infrared camera connected to a laptop compter with associated
data acquisition and image processing software

Viewed and analyzed by using the real-time measureent markers

Software enables acquisition of live infrared image arriving through the
camera interface

ThermaCAM™ S60 infrared camera



Solar Radiation




Experimental Setup




FRP Bridge Deck with Embedded Debonds

* Glass Fiber Reinforced Polymer (GFRP) bridge decks
— E-glass fibers and polyester resin combination

— Two-part liquid polymer system (Poly-Carb Mark-163 FLEXOGRID)
OR

— Two-component polysulfide epoxy based overlay syste (Transpo T-48)

e plansize —2'x 1’ (0.6m x 0.3m)
» flange thickness — 0.5” (12.7mm)

o 3/8”(9.5mm) thick wearing
surface overlay

Front view and cross-sectional view of a GFRP bridg deck specimen






Infrared Testing— FRP Bridge Deck BD1

« Heated using quartz heater

* Debonds were located between the wearing surface
and the FRP deck

* Heating only for a small duration (2-3 minutes)
sufficed



JInfrared Testing— FRP Bridge Deck BD1

Infrared image of (a) BD1a with debonds of sizes 3X 3" x 1/16” and 2" x 2" x 1/16”
(b) BD1b with debonds of sizes 1” x 1” x 1/16” and 1/2x 1/2” x 1/16”

Surface Temperature difference between defect-fremnd debonded areas:
(a) 11°C & 8°C (DB & 4°C



FRP Bridge Deck BD2

Bridge deck BD2
— E-glass fiber with vinyl-ester resin
— 3/8” thick wearing surface
— Water-filled debonds of sizes 3" x 3" x 1/8" and 2” x 2 x 0.065”
— Air-filled debonds 2" x 2" x 1/16”

(a) Photograph of BD 2 (b) Schematic view of locain of debonds in bridge deck specimens



Infrared Testing— FRP Bridge Deck BD2

» Boundaries of the air-filled
debond were more prominent
when compared to the water-
filled debonds

» Thermal conductivity:

Water (0.6 WnmrtoC1)

Air (0.024 Wm-1oC-1)

GFRP (-~ 0.3 Wml°C1)

» Water takes a longer time to
heat up when compared to
surrounding deck area

because of its high specific
heat

Infrared image of (a) deck BD2 (b) deck BD2 placeah inverted position,
with air-filled debond of size 2" x 2" x 1/16” and
water-filled debonds of sizes 3” x 3" x 1/8” and 2" x 2x 0.065”

Surface Temperature difference between defect-fre@nd defective areas:
(@) 5.7C (b) — 2.%C (c) — 3.9C



FRP Bridge Decks with
Embedded Delaminations

 Low-profile GFRP bridge decks with delaminations

— E-glass with vinyl-ester resin

— plan size - 15" x 8" (380mm x 200mm)

— flange thickness — 0.45”(11mm) [0.6” (15mm) at junctn]
— wearing surface thickness — 3/8” (9.5mm)



Infrared Testing of Deck JD1

Infrared image of bridge deck specimen (with no weadng surface) with the (a) 3” x 3” x 1/20”
(b) 2" x 2" x 1/16” and 1" x 1" x 1/16” delaminations at the flange-flange junction

Surface temperature difference between delaminateand defect-free areas:
(@) 10.PC (b) 5.8C & 3.8°C



Infrared Testing of Deck JD3

Though boundary was not very
prominent, the presence of the
delamination could be detected

Infrared image of bridge deck specimen JD3 with emlmsded delamination of size 3" x 3" X
1/16” (76mm x 76mm x 1.6mm) at the flange-flange junctio
(a) before applying the wearing surface overlay (bafter applying the wearing surface overlay

Surface temperature difference between delaminateand defect-free areas: 3.9C



Infrared Tests Conducted Under Solar Radiation

« Solar radiation can be used as the heating sourcerflarger areas of deck
 GFRP bridge deck specimens that were tested undeolar radiation

— BD1 (with debonds)
— JD1 (delaminations at flange-flange junction of decwith no wearing surface)

— JD2 (delaminations at flange-flange junction of decwith wearing surface
overlay)

 Decks were left under solar radiation throughout tre day (in September)
» Infrared images of the decks were taken at every ahour interval



Temperature (C) --->

Surface temperatures for the debonds under solarra  diation
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Field Testing of FRP Bridge Deck

La Chein Bridge (built in April, 2003) was tested ing infrared
thermography

— FRP bridge deck, with two lanes supported on gfiegérs
— Located in Monroe County, WV

— Deck size 12.5m x 8m in plan with skew angle of 25

— Polymer concrete overlay — 3/8” or 9.5mm thick

Deck was divided into 32 grids. Each grid was testeand debonded
areas marked

Sunlight was used as the heating source for most thfe deck

Other portions were heated with heating blankets da to lack of heat



...Fleld testing of FRP bridge deck

La Chein FRP bridge, Monroe County, WV



Infrared testing of FRP bridge deck

Photograph and Infrared image of a small debond

Photograph and Infrared image of a larger debond



...Infrared testing— FRP bridge deck

Photograph of a crack in the wearing surface

Infrared images of the crack in the wearing surface



Infrared Field Testing of FRP Wrapped
Timber Railroad Components

(a) Photograph of debonds D1, D2, D3 (b) Infrared irage of debonds D1 and (c) debonds D2, D3

(a) Photograph of debond D16 (b) Infrared image of ebonds D16



Ground Penetrating Radar (GPR)

* GPRis an active technique (has its own energycsgand
does not have to rely on solar radiation or exidiaat

 While IRT is good in detecting air-filled defecSPR is
good in detecting water-filled defects, so the two
techniques can complement each other

« GPR antenna is used to propagate electromagnése p
Into a medium. This pulse is reflected by subsw@fac
Interfaces caused by defects, and the reflectiopesc
forms a radar signal.

« Analysis of GPR signals can lead to detection of
subsurface interfaces, defects, etc.

 GPR technique allows Into the
medium compared to IRT technique.



Air-Launched (Horn Type) GPR Antenna



Ground Coupled (1.5 GHz) GPR Antenna

Hand Held GPR System
(from: www.geophysical.com)

1.5 GHz Ground-
coupled Antenna

Survey Wheel

Cart Mounted GPR System which
can be used with different types of
antennas

(from: www.geophysical.com)



Experimental Results (GPR)

Defect layout for water-
filled debonds in an FRP
bridge deck



2-D Scan Using 1.5 GHz Ground-Coupled Antenna

12" x 12" x 0.03” water-filled 8" x 8" x 0.06” water-filled debond
debond

- T



3-D Profile Using 1.5 GHz Ground-Coupled Antenna



Deliverables and Future Work

Yr 1 Deliverables
- Step by step procedure for detecting defects on cquosite
decks/ panels using IRT.

Make the use of IRT and GPR techniques more userigndly for
FIELD IMPLEMENTATION

- Develop an efficient and portable active heating syem for field testing of
components such as beams and columns using IRT

- Develop standardized procedure for using IRT and GR for different
types of components

- Develop user manuals and short training courses

- Train end users of the technology (e.g., inspectigrersonnel from DOTs
and corporate world)
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Thank You!

Questions ?



