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1- Part 1- Introduction




What is the problem?

Steel strands not visible
to the naked eye




Best solution: Magnetic Flux
Leakage Method (MFL).

Applicable to both internal
and external tendons




Limitation
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2- What is MFL?




Magnetic
Flux Leakage
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In general, there are
tiwo MFL methods:




Signals are
taken while magnet is
present within the
device
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System is
first magnetized and
signhals are then
recorded
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3- Brief overview of MFL applied to internal tendons
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Guide for Selection
of NDT: Internal
Tendons

»Published in 2012, as part of
an FDOT project, includes
guidelines for selecting NDT
methods for inspecting
Internal fendons

-

FDOT Protocol for Condition Assessment
of Steel Strands in Post-tensioned
Segmental Concrete Bridges

FDOT Contract No. BDKS0 977-13

Draft Final Report- Volume 11

Jume 2012

Atorsd Aruieessest, PRD. P E_ Floriis laternationsl University

Jawad Call, Piacida [xtevuatisnal Univeriey

Fmal Regort- Volume 11- Thos documant provwdes staps for comdition acsessment of steel

wads 1o poet-tencooed cooowte bodges The background sformation for the
recemmatidad ctapn are provided i the Volumne | of the Szl repect

..\.,_j;’@

Improved Inspection Techniques for
Steel Prestressing/Post-tensioning
Strand

FDOT Contract No. BDKS0 977-13
Draft Final Report- Volume I

June 2012
Atsrrd Arizmessel PR D P E Flarsds Internationsl Usiveruty
Jawed Coll, Pioewda Intrrsatiasal Usevenaty




NDT Methods:

» NDE methods applied to inspect
the condition of post-tensioned
cable systems and cable stays

»From the available methods, MFL
is judged to be the most effective
way of inspecting infernal tendons

Visual methods
Direct visual inspection; Long-term video monitoring

Magnetic methods
Magnetic flux leakage (MFL)

Mechanical wave/vibration methods
Acoustic sounding; acoustic emission; impact—echo (IE); Impulse response;

ultrasonic imaging,; ultrasonic guided wave (GWT); global vibration response

Electromagnetic wave methods
Infrared thermography (IR); Impulise Radar (GPR)

Electrochemical methods

Half-cell potential; Linear polarization resistance (LPR); Electro-impedance
sprectroscopy (EIS); Electrochemical noise

Penetrating radiation methods
Radiography; X-ray diffraction

Other methods
Direct pre-stress measurement
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The next few
slides show
an overview
of work

related to
internal
fendons
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Fi. Lauderdale
airport bridge
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Ft. Lauderdale airport bridge
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Ft. Lauderdale airport bridge
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Bridge Detall

Precast Slab Panels
Post-tensioned
transversally
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Sample Results
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4- Focus of Today's Presentation
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Focus of foday’s webinar is on external tendons







Limitation: Anchorage areas cannot be inspected using MFL method.

X-ray is best for anchorage areas
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5- Part 2- Using dogs to detect corrosion in external tendons
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PART 2

Canine Corrosion Detection

Dr. Kenneth G. Furton, Ph.D.
- Provost Emeritus and Distinguished University Professor of Chemistry and Biochemistry
- Executive Director of the Global Forensic and Justice Center
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FIU

Global Forensic
and Justice Center

Canine Detection of Odor

« Canines have been reliably used for the detection of target
substances for hundreds of years due to their enhanced
olfactory system.

* Explosives

* lllicit drugs

* Microbes

« Human Scent

« Mass storage devices

« Corrosion under insulation (CUI) of pipes (Schoon et al.)
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Global Forensic
and Justice Center

Furton Research Lab Expertise

. 30 years of experience in identifying volatile organic
compounds (VOCs) from canine targets

= Accelerants

. Biologicals (mold, fungi)

= Currency

o Drugs

o Explosives

e Firearms

= Human scent

. Mass Storage Devices

. Biomedical detection
. Biological fluids: blood, urine, breath, saliva
. Covid-19

o Epileptic patients
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Methyl benzoate

FIU

Global Forensic
and Justice Center

Cocaine

Piperonal

2-Ethyl-1-
Hexanol

HO

2,4 Dinitrotoluene

Smokeless
Powder/TNT

Furancarboxaldehyde

/' \ 0

O

Live Person

Canine Odorants Have Been Identified for Drugs,
Explosives, and Humans

Dimethyl-
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'
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o
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Project Task Overview

Task 1: Determining canines’

o . *Target odors encased in concrete cylinders
ab|||ty to detectmg ta rget +Dog’s ability to detect target odors embedded in concrete cylinders tested

OdorS in Concrete StrU CtU res *VVOC analysis to detect permeation of target odor

Task 2: Training canines to
detect corrosion products

*Investigating a dog’s ability to be trained on and locate corrosions products such as rust

Task 3: Detection of

cO rrosion in Concrete *Investigating a dog’s ability to detect rust or additional VOCs embedded in concrete cylinders

cylinders.

: o +|dentifying volatile organic compounds from corroded steel using headspace solid phase
Task 4: Identlfylng VOCs microextraction (HS-SPME) coupled with gas chromatography mass spectrometry (GC-MS).

i i i *Determining if corrosion VOCs may be additionally used for training canines to detect
associated with corrosion [

FIU

Global Forensic
and Justice Center




Task 1- Concrete Cylinder with Target Odor

 Piperonal used as target odor (VOC in MDMA)
« Compound placed in a 5"x1” LDPE bag and sealed
* Three odor strands tied to strips of wood

» Cylinder mold filled with cement and allowed to cure for 28
days -

v [

Global Forensic
and Justice Center

) ..[" =- ‘.
Target odor strands Concrete cylinder with

preparation 3g Target odor strand burie
(model)

Target odor strands Concrete cylinder molds




Task 1- Setup of Canine Experiments

« Expose previously
trained canines to
concrete cylinder

* Determine if canine
IS able to detect
target odor
permeating
through concrete

FIU

Global Forensic
and Justice Center

e

Concrete cylinder with
Target odor buried




Task 1- Canine Alert to Cylinder Containing
Embedded Odor

FIU

Global Forensic
and Justice Center




Task 1- Headspace Analysis of Concrete
Cylinder Showing VOC Detection

HS-SPME-GC-MS Analysis of Concrete Cylinder
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Global Forensic Retention Time

and Justice Center

HS-SPME-GC-MS analysis of concrete cylinder showing the
detection of target odor piperonal

12
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FIU

Global Forensic
and Justice Center

Task 2- Training Dogs on Rust Odor

Canine Training Aids

« 5 grams of rust in the form of
iron oxide (Fez203)

* Iron oxide placed in 4-inch x
2-inch 2-mil LDPE bags

« Both black rust and red rust
used for canine training
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FIU

Global Forensic
and Justice Center

Task 2- Dog Alerting to the Odor of Rust

Dog alerting to correct canister containing rust during odor
recognition test
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Task 3 - Training Dogs to Detect Rust in Concrete

 Rust encased in concrete

* Rust + concrete samples
placed in odor detection
canisters

LT T
=

FIU

Global Forensic
and Justice Center



Task 3 — Dog Alerting to the Odor of Rust in Concrete

FIU

Global Forensic

and Justice Center . . . . . .
Dog alerting to correct canister containing a concrete cylinder with

embedded rust during odor recognition test




FIU

Global Forensic
and Justice Center

Task 3 - Sensitivity and Specificity of Dogs

Dog Name

100% sensitivity
100% specificity
88.89% sensitivity
100% specificity
77.78% sensitivity
100% specificity
R[\TeT 1 I 100% sensitivity
100% specificity
66.67% sensitivity
97.66% specificity

100% sensitivity
97.56% specificity
77.76% sensitivity
100% specificity
77.78% sensitivity
97.62% specificity
100% sensitivity
100% specificity
75% sensitivity
92.68% specificity

Red Rust in Concrete | Black Rust in Concrete | Red and Black Rust in Concrete
Cylinder Cylinder Cylinder

100% sensitivity
100% specificity
100% sensitivity
100% specificity
88.89% sensitivity
100% specificity
100% sensitivity
100% specificity
77.78% sensitivity
95.12% specificity
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Task 3 — Concrete Cylinder with Localized Corrosion

FIU

Global Forensic Seven-wire strands in 10-foot HDPE tube. Concrete Cylinder with Targeted Corrosion Area
and Justice Center




FIU

Global Forensic
and Justice Center

Task 3 — Dog Alerting to the Odor of Rust in Concrete

Dog alerting to a localized area of corrosion along the 10-foot concrete cylinder

48



Task 4 - Characterization of Volatile Organic
Compounds (VOCs) from Corrosion
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Headspace chromatogram of corroded steel rod sample. Undecane, dodecane, tridecane, and tetradecane were
labeled blue as they showed up consistently in all samples, as well as 5-methyl-1,2,4-triazole-3-amine. 49
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6- Part 3- MFL applied to external tendons
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PART 3

MFL Experimental Results
(Active Method)

Carlos Concha Avila ! .

51



Numerous tests were conducted.
The next few slides show select experiments and
their results.
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First set of tests consisted of simulating
corrosion by cutting a few steel strands

40 strands total, a mix of continuous and 'cut’

53



For cut levels of 10-40%, the MFL device detected them
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By 'cutting' just 2 strands out of 40 (5% cut level), the
MFL device clearly identified the defect area

Voltage (V)

Distance (inches)

But what about real corrosion?

95



Another set of tests consisted of artificially corroding steel
strands in a saltwater bath energized with a DC power supply

’ 23 healthy strands
% area loss (individual) = 57% + Jcorroded

% area loss (system) = 57% = 2.4%
24 <

56



The signal is detected even when the corroded strand is
far from the sensor and magnets

S7



When the magnet and sensor are closer to the corroded
strand, the signal quality is very clear

Sensor 4 N 3 Sensor 1

The last step is to test with real corrosion in a grout-filled duct (realistic field conditions) -



Final set of tests included grouting the duct. Three corroded strands
were combined with 23 healthy strands (26 total) inside a 4-in duct and
fully grouted

Hall Effect Sensor vs. Distance
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0 .  — n
Y e I e it Possible corrosion |- . -, —~ o .~ o, g\ L Sensor 1
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The device detects the corrosion! 59



Voltage (V)

Hall Effect Sensor vs. Distance

40 .
————— Evaluating... | — Sensor 1
=" .= Sensor 2
- Sensor 3
.= Sensor 4
QG et g | .. . S -1 — Sensor 5
35 i il Sk
-= Sensor o
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- = Sensor 8
30 —d — = M- | o -
25
20
15
0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

Distance (inches)

Lab version of the
- MFL device.

A

Total weight is about
12 pounds

Device is based on
active MFL
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/- Summary and Conclusions
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Summary and Conclusions

1- MFL is applicable to both internal and external tendons

2- The question of internal tendon which is a much more difficult
problem has been addressed in the past.

3- The focus of the current presentation was on external tendon

4- Qur objective is to combine the use of dog and MFL

9- The component of the research related to use of dog is still under
research but is very promising

6- The MFL technology to assess the condition of steel strands in
external tendons, is ready for field application.
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Summary and Conclusions

/- The accuracy of MFL to assess the condition of steel strands in the
ducts in external tendon is very good

8- MFL method has limitations. Areas near deviators and anchorage
regions can not be inspected using the MFL method explained in this
presentation.

9- Based on the many years of research our opinion is that the MFL
method is still the best approach to assess the health of steel strands
embedded in tendons.
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Using Dog and Magnetic Field to Accurately Detect
Corrosion in Steel Strands Embedded in Concrete
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