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Abstract

In order to complement a large-scale long-term investigation of prestressing strand types for
post-tensionsing of bridges, passive and active electrochemical tests were carried out on bare and
grouted specimens exposed to salt water conditions as a function of time. The materials tested
included seven-wire strands made of hot dip galvanized or zinc coated steel, stainless steel,
stainless clad steel, copper clad steel, flow-filled epoxy coated steel and conventional steel as
control. Based on corrosion potentials, polarization resistance tests, potentiodynamic tests, weight
loss, and visual observations, epoxy coated strands, stainless and stainless clad strands were
identified as possible alternatives to conventional steel that might help to minimize corrosion.

Key words: Post-tensioning, Grout, Epoxy coated strands, Stainless strands, Stainless clad

strands, Galvanized strands

1. Introduction

The popularity of post-tensioned concrete bridge
construction has resulted in a great deal of attention
being given to the protection of the materials used
for prestressing elements. These prestressing
elements typically consist of high strength steel that
can be vulnerable to corrosion attack in certain
environments. While there is concern about such
factors as the grout itself and preparation of the steel
before use, one possible solution could be to use
materials other than conventional steel.

Research is being conducted at the University of
Texas at Austin to explore several different

ISSN:1708-5284

prestressing strand types (MacLean, 2008; Kalina,
2009). As part of this research program, five new
strand types were subjected to a series of tests to
determine their corrosion behavior (Mostefa et al.,
2011). The materials tested in the program were
seven-wire strands made of the following; hot dip
galvanized (zinc) steel (GV), stainless steel (SS),
copper clad steel (CC), stainless clad steel (SC),
flow-filled epoxy coated steel (EC), and of course
conventional steel (CN) as a control.

The project includes a series of large-scale post-
tensioned beams set up in a matrix form to
accommodate all of the strand types. In addition,
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there are different duct types: namely galvanized;
one-way ribbed plastic; and two-way ribbed plastic;
and there are bearing plates consisting of galvanized
or non-galvanized material. The tests reported on in
this paper were all supplementary to the large-scale
beam specimens and they were performed to gain
insight into the behavior of the strands before final
autopsy of the large beams. The tests involved
supplementary electrochemical tests and consisted
of two passive corrosion tests and two active
corrosion tests. This paper will focus on the
electrochemical tests in which corrosion potentials,
potentiodynamic scans and polarization resistance
values were determined in chloride containing
environments.

2. Experimental

In terms of the concrete specimens, 24 large-scale
post-tensioned beams are being subjected to a bi-
weekly wet and dry cycle (two weeks wet and two
weeks dry) with the wet cycle involving exposure to
a sodium chloride solution. A layout of the beams is
shown in Figure 1. The seven-wire strand assembly in
the large-scale specimens is shown in Figure 2.
Corrosion or half-cell potentials are being monitored
as a means of assessing corrosion activity. Impedance
values at a frequency of one kHz are also being taken.
Half of the specimens are to be autopsied after
approximately four years and the other half after
approximately six years.

Because the testing of the large-scale specimens
requires such a long time, electrochemical tests were
conducted on smaller specimens to obtain information
on the anticipated corrosion behavior in actual

Fig. 1. Layout of large-scale exposure specimens.

Grout inlet

Strands

End trumpet

Fig. 2. Post-tensioning anchorage system consisting of seven-
wire strand assembly (Schokker, 1999).

concrete within a relatively short period of time.
Testing consisted of two passive corrosion tests and
two active corrosion tests.

2.1. Passive corrosion tests

The two passive corrosion tests involved exposure
of bare or grouted strands to a 5 wt% sodium
chloride solution under wet/dry conditions for six
months. For the exposed strand tests, the procedure
involved placing bare strands in a PVC pipe,
exposing the assembly to wet/dry conditions
(MacLean, 2008; Kalina, 2009) for six months,
recording monthly corrosion ratings, and finally
obtaining a weight change at the end of exposure.
Specimens like those used in the exposed strand tests
are shown in Figure 3. Specimens with epoxy coated
ends were placed in PVC pipe that was later sealed
and the strands were kept centered using an Armacell
foam cell. Strand centered inside pipe using the
Armacell foam cell is shown in Figure 4. The sealed
fixtures containing the strands were kept on wooden
racks in order to have even distribution of the salt
solution. The final setup is shown in Figure 5.

Fig. 3. Types of specimens used in exposed strand tests; from
left to right, SS, GV, CC, SC, EC, and CN.
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Fig. 4. Strand centered inside pipe using foam cell.

Fig. 5. Wooden rack and final specimen setup for the bare
strand tests.

The specimens for the grouted strand tests were
similar to those above. However, the strands were
placed in a clear pipe and grouted to simulate actual
conditions when a tendon is grouted in a duct. Three
strands of each type were chosen for testing. They
were cut to lengths of 12 inches, cleaned of debris and
placed in the pipes through acrylic grids which served
to center the strands. Epoxy was applied to the strands
after attaching a copper wire; the wire would allow for
taking corrosion potential readings later. Sika Grout
300 PT, a pre-mixed, non-bleed, high-flow grout was
used and the water: grout ratio was 0.3 to allow for
easy flow into the pipes. The grout was mixed using a
variable speed mixer with a high shear blade and a
funnel was used to channel the grout into the pipes.
The specimens were cast and allowed to cure for 28
days. Before the specimens were put into the final
setup, the middle section of the pipe was removed to
expose that section of grout. The overall test

Fig. 6. Grouted strand test setup for the passive tests.

procedure involved exposing the grouted assembly to
5 wt% sodium chloride solution, monitoring corrosion
potentials each month, and obtaining a final corrosion
potential at the end of exposure. Also, at the end of the
six-month period, visual assessments and weight loss
measurements were determined. The grouted strand
setup is shown in Figure 6.

2.2. Active corrosion tests

In the active tests, the strands were also encased in
grout inside a plastic pipe which acted as the tendon
duct. A cell was created; the cell being made of the
working electrode, the strand; the reference electrode,
a copper/copper sulfate reference electrode; and a
counter electrode made of graphite rods or platinum
wire. Linear polarization resistance testing was
performed first and subsequently poteniodynamic
testing was performed. Three specimens of each type
of material were chosen for testing. They were cut to
lengths of 12 inches, cleaned of debris and placed in
the pipes through acrylic grids which served to center
the strands. SikaGrout 300 PT, the same grout as
before, was used and the water:grout ratio was 0.3 to
allow for easy flow into the pipes. The specimens
were cast and allowed to cure for 28 days. Once curing
was complete, the pipe over the exposed grout was
removed. Figure 7 shows the section after removal of
the pipe over the region to be exposed. Specimens that
were to be pre-cracked were then placed in a device
for pre-cracking. Normal or uncracked (MacLean,
2008) and pre-cracked grout specimens (Kalina, 2009)
were used. Pre-cracked specimens were expected to
allow the salt solution to reach the strands sooner. The
pre-cracked specimens were cracked using the device
in Figure 8. The device was fabricated from steel
plates and applied a uniform moment across the
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Fig. 7. Specimen after removal of the pipe over the grout
region to be exposed.

Fig. 8. Pre-cracking device.

exposed grout section. The two supports for the
exposed grout region (white plate and blades) were
lowered down gradually using the all-threaded bolt.
The system was deformation controlled and allowed
for a uniform force and moment across the section, as
well as small variability among all the sections.

Polarization resistance measurements were
measured periodically using a Gamry Electronics
system, Series G750 and the electrochemical
information was used to estimate a time to corrosion.
In addition, polarization tests were conducted from
the corrosion potential to 250 mV below the
corrosion potential for the cathodic Tafel contstant
and from the corrosion potential to 250 mV above
the corrosion potential for the anodic Tafel constant.
It should be emphasized that one group had a normal
exposed area, while the other group had a pre-
cracked exposed area. An example of the active
corrosion test setup is shown in Figure 9.

Working
electrode

Reference
electrode

Counter
electrode

Fig. 9. Example of one cell in the active setup.

3. Results and discussion
3.1. Passive corrosion tests

In general, the values of the corrosion potentials
were similar to those found in the galvanic series for
the various material types. However, there was quite
a bit of scatter between the same types of strands in
some cases. Representative corrosion potential vs
time curves are shown in Figure 10 with GV being
the most active, SS and SC being nobler, and the
values of the other metallic materials being in
between. Typical values for the metallic strands in
mV, with respect to the saturated calomel electrode
(SCE) after one week were —875 for CN, =370 for
CC, —1025 for GV, =360 for SC, and —475 for SS.

1200
1000
800
g — CN2
>UJ 600 : 8321/3 AVG
€ L — sC3
— 8S2
400 w — One week
200 e,
0

0 500 1000 1500 2000 2500
Time (hr)

Fig. 10. Representative corrosion potential vs. time curves.
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Fig. 11. Representative strands after six months of exposure;
top to bottom, EC, GV, SC, SS, CC, and CN.

Based on weight loss, the EC strands had the lowest
loss, while the CN strands had the highest loss. A
photograph of representative strands after six
months of exposure is shown in Figure 11. The CN
strands showed the most corrosion damage and
experienced the highest weight loss. If the weight
loss associated with the EC strands is taken as a
value of 1, then the CC was 1.72, the SC was 1.78,
the SS was 1.83, the GV was 3.39, and the CN was
16.89.

3.2. Active corrosion tests

Comparative results for the polarization
resistance tests are shown in Table 1. For the
notation, R, vs CN, the polarization resistance for
CN is assigned a value of 1 and the values of the
other strands are related to CN. A value less than 1
means a higher corrosion rate or a shorter time to
corrosion than CN and a value greater than 1
means a lower corrosion rate or a longer time to
corrosion than CN. The values in the normal
concrete for CN, CC, GV, SC and S were 1, 1.08,
1.85,9.29, and 8.57, respectively. The values in the

Table 1.
Comparative results of linear polarization resistance tests
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Fig. 12. Typical potentiodynamic scans.

pre-cracked concrete for CN, CC, GV, SC, and SS
were 1, 0.16, 0.12, 4.15, and 3.99, respectively.
The values of 0.16 and 0.12 for the CC and GV,
respectively, are unexpected in the case of the pre-
cracked specimens. The normal and pre-cracked
specimens were made at different times, but under
the same conditions, so the reasons for the
differences are not clear. It would be expected that
the pre-cracked CC and GV specimens would
experience a longer time to corrosion than the pre-
cracked CN.

Two recent investigations have indicated that
there may be factors such as pH in the grouted
regions (Bertolini and Carsana, 2011) and crevices
(Moser et al., 2011) in the grouted regions that may
be as significant as the type of material in
determining the overall corrosion performance. This
may well be the situation in the apparent anomalies
cited above.

Based on polarization scans and polarization
resistance data (where the corrosion rate is inversely
related to the polarization resistance), the SS and SC
strands had the lowest corrosion rates of the metallic
materials and the CN strands had the highest
corrosion rate. Typical potentiodynamic polarization
scans are shown in Figure 12. The behavior of the

CN CcC GV SC SS
Polarization Resistance, Normal 10.82 11.68 20.06 100.50 92.72
Rp (kQcm?) Pre-Cracked 22.48 3.68 2.69 93.37 89.59
Rp vs CN Normal 1 1.08 1.85 9.29 8.57
Pre-Cracked 1 0.16 0.12 4.15 3.99
Corrosion Potential, Normal -601 -298 —687 -201 -243
Ecorr (mV vs Ref) Pre-Cracked -333 —-343 -805 -258 —274




Downloaded by Rochester Institute of Technology At 04:57 04 March 2019 (PT)

6 R. D. Kalina et al./\World Journal of Engineering 9(1) (2012) 1-6

metallic materials is very similar to what would be
expected. Since only the defects in the epoxy coated
strands would be expected to contribute to the
corrosion behavior, the relatively noble potential
and the low current values for EC are expected
as well.

4. Conclusions

The corrosion behavior of several types of
prestressing strands was assessed based on passive
and active electrochemical tests. While the results
were somewhat dependent on the type of test, EC
and SS strands demonstrated good overall corrosion
performance.
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