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What is the problem?

Steel strands not visible 
to the naked eye
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Best solution: Magnetic Flux 
Leakage Method (MFL).

Applicable to both internal 
and external tendons
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Limitation
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Magnetic 
Flux Leakage 
(MFL): 
General 
Concept
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MFL Test Method
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In general, there are 

two MFL methods: 

Active and Residual
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Active MFL: Signals are 

taken while magnet is 

present within the 

device 
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Residual MFL: System is 

first magnetized and 

signals are then 

recorded
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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 tendons
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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 internal tendons
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The next few 
slides show 
an overview 
of work 
related to 
internal 
tendons
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Ft. Lauderdale 
airport bridge
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Ft. Lauderdale 
airport bridge
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Ft. Lauderdale airport bridge
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Ft. Lauderdale airport bridge
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109.3 - 89.65 

= 19.65
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Bridge Detail

PT Rods

Precast Slab Panels 
Post-tensioned 
transversally
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Sample Results
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267 - 248 = 19
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Focus of today’s webinar is on external tendons
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Limitation: Anchorage areas cannot be inspected using MFL method.

X-ray is best for anchorage areas
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P A R T  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

02
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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 

• Illicit drugs 

• Microbes 

• Human Scent

• Mass storage devices

• Corrosion under insulation (CUI) of pipes (Schoon et al.) 
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Furton Research Lab Expertise

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

▪ Accelerants 

▪ Biologicals (mold, fungi)

▪ Currency

▪ Drugs

▪ Explosives

▪ Firearms 

▪ Human scent

▪ Mass Storage Devices

▪ Biomedical detection 

▪ Biological fluids: blood, urine, breath, saliva 

▪ Covid-19 

▪ Epileptic patients
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Methyl benzoate 2-Ethyl-1-

Hexanol

Furancarboxaldehyde

Cocaine
C-4

Live Person

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

Piperonal

MDMA

2,4 Dinitrotoluene

Smokeless 

Powder/TNT
Corpse

Dimethyl-

disulfide
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Project Task Overview

•Target odors encased in concrete cylinders

•Dog’s ability to detect target odors embedded in concrete cylinders tested

•VOC analysis to detect permeation of target odor

Task 1: Determining canines’ 
ability to detecting target 

odors in concrete structures. 

•Investigating a dog’s ability to be trained on and locate corrosions products such as rust 
Task 2: Training canines to 
detect corrosion products

•Investigating a dog’s ability to detect rust or additional VOCs embedded in concrete cylinders 

Task 3: Detection of 
corrosion in concrete 

cylinders. 

•Identifying volatile organic compounds from corroded steel using headspace solid phase 
microextraction (HS-SPME) coupled with gas chromatography mass spectrometry (GC-MS). 

•Determining if corrosion VOCs may be additionally used for training canines to detect 
corrosion

Task 4: Identifying VOCs 
associated with corrosion
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Task 1- Concrete Cylinder with Target Odor

Concrete cylinder molds 
Concrete cylinder with 

Target odor strand buried 

(model) 

Target odor strands 
Target odor strands 

preparation 

• 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
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Task 1- Setup of Canine Experiments

Concrete cylinder with 

Target odor buried 

• Expose previously 

trained canines to 

concrete cylinder

• Determine if canine 

is able to detect 

target odor 

permeating 

through concrete
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Task 1- Canine Alert to Cylinder Containing 
Embedded Odor
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Task 1- Headspace Analysis of Concrete 
Cylinder Showing VOC Detection

Piperonal
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Task 2- Training Dogs on Rust Odor

Canine Training Aids 

• 5 grams of rust in the form of 
iron oxide (Fe2O3)

• 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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Task 2- Dog Alerting to the Odor of Rust

Dog alerting to correct canister containing rust during odor 

recognition test 43



Task 3 - Training Dogs to Detect Rust in Concrete

• Rust encased in concrete

• Rust + concrete samples 
placed in odor detection 
canisters
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Task 3 – Dog Alerting to the Odor of Rust in Concrete

Dog alerting to correct canister containing a concrete cylinder with 

embedded rust during odor recognition test
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Task 3 - Sensitivity and Specificity of Dogs

Dog Name Red Rust in Concrete 

Cylinder

Black Rust in Concrete 

Cylinder

Red and Black Rust in Concrete 

Cylinder

Solo 100% sensitivity 100% sensitivity 100% sensitivity

100% specificity 97.56% specificity 100% specificity

Darwin 88.89% sensitivity 77.76% sensitivity 100% sensitivity

100% specificity 100% specificity 100% specificity

Ice Man 77.78% sensitivity 77.78% sensitivity 88.89% sensitivity

100% specificity 97.62% specificity 100% specificity

Hollywood 100% sensitivity 100% sensitivity 100% sensitivity

100% specificity 100% specificity 100% specificity

Riddick 66.67% sensitivity 75% sensitivity 77.78% sensitivity

97.66% specificity 92.68% specificity 95.12% specificity
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Task 3 – Concrete Cylinder with Localized Corrosion

Target Area for 

Artificial Corrosion

Window

Seven-wire strands in 10-foot HDPE tube. Concrete Cylinder with Targeted Corrosion Area
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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
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Task 4 - Characterization of Volatile Organic 
Compounds (VOCs) from Corrosion

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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P A R T  3

MFL Experimental Results
(Active Method)

Carlos Concha Avila

03
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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'
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For cut levels of 10–40%, the MFL device detected them

40% (16 cut 
out of 40)

30% (12 cut 
out of 40)

20% (8 cut 
out of 40)

10% (4 cut 
out of 40)
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By 'cutting' just 2 strands out of 40 (5% cut level), the 
MFL device clearly identified the defect area

But what about real corrosion?
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Another set of tests consisted of artificially corroding steel 
strands in a saltwater bath energized with a DC power supply

% area loss (individual) = 57%

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

24

23 healthy strands 
+ 1 corroded
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The signal is detected even when the corroded strand is 
far from the sensor and magnets
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When the magnet and sensor are closer to the corroded 
strand, the signal quality is very clear

The last step is to test with real corrosion in a grout-filled duct (realistic field conditions)
58



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

The device detects the corrosion!

Possible corrosion
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60

Lab version of the 
MFL device.

Total weight is about 
12 pounds

Device is based on 
active MFL

Operation is fast and 
reliable
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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- Our objective is to combine the use of dog and MFL

5- 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 

7- 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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