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Upper
anchorage
block

Charged water introduced later

Macro-cathode Macro-anode
(five unstressed strands) (four stressed strands)

Plastic spacer

Lower
anchorage
block

Clear HDPE tube filled with chloride
contaminated grout (Electrolyte)

Number of Specimens

eStressed Specimens @ 60% GUTS: 8 EA
(Chloride concentrations: 0, 0.08, 0.2,
0.4, 0.6, 0.8, 1.0, and 2.0 % by weight of
cement)

[Section A—-A] [Section B — B]

Figure 35. Illustration. Task 2.3 multi-strand specimens.
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3 What is this background of this Technical Advisory?
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Free sulfate Analysis Results

Sample Percent by
Sample ID weight | grout weight

Black particles collected from void/grout '
interface of 0 percent chloride specimen e L3
Top layer scraped from void/grout _
interface of 0 percent chloride specimen S8 L5
Top layer scraped from void/grout s 0.4
interface of 0.2 percent chloride specimen £ )
Top layer scraped from void/grout —
interface of 0.4 percent chloride specimen g 0.1
Grout powder sample from 0 percent

) : 2g 0.0
chloride specimen
Grout powder sample from 0.08 percent

. : 2g 0.1
chloride specimen
Grout powder sample from 0.4 percent

) : 2g 0.0
chloride specimen
Original grout powder 5g 0.5

Source: Lee, S-K. and Zielske, J. (2014), “An FHWA Special Study: Post-Tensioning Tendon Grout Chloride Thresholds,” Federal Highway Administration
(FHWA-HRT-14-039).
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Upper
anchorage
block

Lower
anchorage
block

[Cross section A— A]

Source: FHWA.

Rubber plug for air venting and Figure 12. Illustration. Specimen arrangement in the large loading frame.

recharging water entry hole

Stainless steel mesh Cord grip

Grout
shut-off valve

Center wire
(working electrode)

[Cross section A - A]

Source: FHWA.

Figure 10. Illustration. Schematic of test specimen containing an artificial void. 11
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Mean free sulfate concentration (percent)

B Raw grout powder B Top layer of normal grout specimens

B Top layer of extra water specimen B T/M/B sections of normal grout specimens

m T/M/B sections of extra water specimen

0.92 /

1.0

[Product 1
- normal]

[#2 Old Product 3
- Extra water]

0.11

0.090.09

Product 1 Product 2 #1 Old Product 3 #2 Old Product 3

Grout material 12




Chloride versus Sulfate
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—e—Normal, 0% SO4 —a—Normal, 0.4% SO4 —&—Normal, 0.8% SO4
—e—Normal, 1.5% SO4 --e--Segr'd, 0% SO4 -8--Segr'd, 0.4% S04
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Source: Hartt, W. H. and Lee, S-K. (2018). “Corrosion Forecasting and Failure Projection of Post-Tensioned Tendons in Deficient Cementitious Grout,” Federal
Highway Administration (FHWA-HRT-17-074). 1
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Figure 55. Graph. Plot of the percentage of wire and strand fractures and tendon failures as
a function of time based on phase 1 corrosion data for Specimen Number 1.0%—-V-S (grout
with 1.0 wt% chloride and an air void).®

Figure 83. Graph. Plot of Tt for wires, strands, and tendons as a function of corrosion rate as
determined from the results in tables 14, 17, 18, and 20-33.

Source: Hartt, W. H. and Lee, S-K. (2018). “Corrosion Forecasting and Failure Projection of Post-Tensioned Tendons in Deficient Cementitious Grout,” Federal
Highway Administration (FHWA-HRT-17-074). 15



Electrically Isolated Tendons
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The plastic ducts used in EIT systems provide a shield N
from corrosive substances and siray currents. N
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The EIT system has no macro-cell interaction
with the reinforcing steel.

Source: FHWA,

By measuring the AC impedance between the
tendon and the reinforcing steel, bridge owners can
The main advantage of EIT systems is the ability to non- assess the quality of the EIT encapsulation.
destructively monitor tendon encapsulation over time. In the
photo above, initial consfruction reading is collected.

Source: FHWA

Source: Accelerating Market Readiness (2018). “Electrically Isolated Post-Tensioning Tendons for More Durable Bridges,” Federal Highway Administration,
https://www.fhwa.dot.gov/bridge/concrete/amr_eit.pdf. 16
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[Corrosion Testing] 5
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'MFL System - 2012
(University of Wisconsin-Milwaukee)

Remnant Magnetism System - 2013
(Ingenieure Fur Das Bauwesen)
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Data interpretation of the representative sensors

64 sensor data in axial and normal directions

Robotic MFL System - 2019
(University of Wisconsin-Milwaukee)
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Permanent
magnets

Normal

Section .
Corroded

Section

[Microwave Thermoreflectometry] [Magnetic Main Flux Method]
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[Varina-Enonlridge Field Trial]
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A 2nddataset (field) = Linear (1st data set (lab))
————————— Linear (1st data set (field)) —— Linear (2nd data set (field))
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—— Linear (2nd data set (lab))

530

520 -
__ 510 -
g F

o 55kA/m) = -5.0349x+519.78

500 %) y (at
= o . R2=0.9975
_= ‘x.\‘\ Ry
t: 490 e
- ]
[}
c 480 =
o y (at 55 kA/m) = -4.9681x+497.94 y (at 38 kA/m) = -5.1518x+ 509.85
S R?=1 R?=0.9928

470 A\‘\‘

460 b~ \.

450 T (at 38 kKA/m) = -4.7288x+ 471.36

RZ=1
440 1 1
0 2 4 6 8 10 12

Estimated section loss (percent)

[Solenoid Type Data — FHWA Lab & Varina-Enon Bridge]

Section loss (%)

» Labdata » FDOT tendon sample

y (FDAT) = 0.4189x

R“j_owm )

~~"ly(Lab) = 0.392

R* = 0.98p

N
>

0 5 10 15 20 25 30 35
Change of magnetic flux (kMx)

[Permanent Magnet Type Data — Ringling Bridge]

« Solenoid Type: 0.4% (point measurement) and 1.0% section loss (scan measurement)
« Permanent Magnet Type: 3.0% (scan measurement).
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TRB WEBINAR

Condition Assessment of Bridge Post-
Tensioning and Stay Cable Systems

Abate ol 7} An

Corrosion Detection in External HDPE Tendons

NCHRP 14-28

Final Report 84
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1. ASTM A416 Bare Strand

2. Hot Dip Galvanized Strand

3. Zinc Alloy Coating Strand

4. Flow-Filled Epoxy Coated Strand

5. 2205 Duplex Stainless Steel Strand
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[Salt Spray Testing] [In-Grout Testing] 28



VDOT data (July 2015): $12,222 per tendon (mobilization for $3,947 and injection for $8,275) 29



Impregnation Method (Vendor Data)

Potentiostatic Testin g Verification of Corrosion Protection of Tendons with Voids

Potentiostatic Testing Tendons in Chloride Comaminated Grout with 4,5% Void
Tendons in Chioride-Contaminated Grout {2% CI')

77.1% Reduction
PT| Treated with Voids vs,
Untreated Tendons with Voids

g

93.1% Reduction
PTl Treated vs. Untreated Tendons

B

Total Current

Charge Passed (mC)

1000

Untreated Treated

“Prior to completing impregnation, the moisture content of the
strands was tested to ensure the strands, voids and grout was not
saturated with water. As a result, drying of the strands and
surrounding grout was not required prior to impregnation.”

Sources: 2015 TRB Presentation Material; Whitmore, D. and Lasa, 1., (2014). “Cable Impregnation for Post-Tension
Grouting Problems.” 30



Impregnation Method (FDOT Lab Data)

[Salt Fog Testing] [Salt Water Ponding Testing]

SALTFOG TEST POTENTIALS

e (2w A
—— i

Lol

gy be A
- iriste B

——Savie O

[Ponding Specimen-Treated]

Source: “Evaluation of a Silicon Based Polymer Corrosion Inhibitor for Post-Tensioned Tendons,” Interim Unofficial Report, FDOT.
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