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Abstract

Alkali-Silica Reaction (ASR) is a common cause for early deterioration of concrete pavements. The reaction
produces a gel that will absorb water and expand, which can cause cracks in concrete pavements. The
reaction is usually mitigated with supplemental cementitious materials (SCMs). In 2010, the Nebraska
Department of Roads (NDOR), in cooperation with the City of Lincoln, launched this investigation in order to
prevent deterioration to those pavements that did not contain SCMs to mitigate ASR. NDOR occasionally
uses concrete sealers in bridge deck applications to prevent moisture penetration, but not previously for
concrete pavements.

The objective of this investigation was to evaluate the ability of sealers to prevent moisture penetration into
concrete pavements as a preventative maintenance tool to mitigate concrete expansion due to ASR.

The evaluation was completed using multiple methods; measurement of chloride ion content in the concrete,
water resistance of concrete surfaces and cores, and visual inspection of treated and untreated pavement
surfaces.

Seven sealers were initially evaluated using sealer performance methods to review and rank sealers in terms
of their expected performance. The main characteristics of the sealers evaluated in the lab and field were
recorded and divided into a variety of categories. These include the Visual Bead Test, Horizontal RILEM
Tube Test, the Sealer Penetration Test, and Visual Shading of Panel Joints. The sealers were assigned a
rating between 0.0 and 2.0 in each category; these ratings were based on the established criteria with a
value of 0.0 indicating a low performance, a value of 1.0 indicating medium performance, and a value of 2.0
indicating high performance.

When comparing the laboratory and field tests performed in this study, the following were concluded;

T 100% and 40% Silane Solvent-based exhibited consistently high performance throughout all the
tests and offered the best protection against chloride ion intrusion.

1 40% Water-Based Silane and Blend of Lithium and Silane/Siloxane exhibited medium performance.

1 Waterborne Silane-Siloxane Based and the Acrylic Based Polymer exhibited lowest performance.

The major finding during this study was the depth of penetration by coring which resulted in a very effective
tool for screening the sealers depth of penetration.

Chloride ion content measurements proved inconclusive and a poor indicator of sealer performance. Water
resistance observations were found to be consistent and indicative of sealer performance.
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Introduction

In 2010, the Nebraska Department of Roads (NDOR) began to explore various sealer applications for
pavements that did not mitigate Alkali-Silica Reaction (ASR). NDOR, in cooperation with the City of Lincoln,
launched this investigation in order to prevent deterioration to those pavements that did not contain
supplemental cementitious materials (SCMs) to mitigate ASR. NDOR occasionally uses concrete sealers in
bridge deck applications; however, not for concrete pavements. This investigation evaluated if concrete
sealers may be used in the future as a preventative maintenance tool in delaying deterioration of pavements
exposed to ASR. The most common concrete sealers are film formers, such as acrylics and thermoplastics;
and penetrating sealers, including silicones, siloxanes, silanes, silicates. This investigation included all of
these common concrete sealer types.

Objective

The objective of this investigation was to evaluate the performance of sealers in preventing moisture
penetration into concrete pavements as a preventative maintenance tool to mitigate concrete expansion due
to ASR.

Project Scope

1 Evaluate and test seven concrete sealers in a PCC pavement application.

1 Determine the effect of sealers in delaying ASR deteriorations.

1 Determine how long the sealer could provide protection in a heavy traffic surface, such as concrete
pavement

Evaluation

This evaluation was based on a road segment of Old Cheney between 62" St. and Frontier Rd., in Lincoln,
Nebraska. It was built in 2002 and was eight years old at the time of the sealer application. Since this section
was built without SCMs to mitigate ASR, this segment was a good candidate for the four-year evaluation.
The evaluation consisted of sections of untreated control panels adjacent to sections of sealer treated
panels. All sealers were applied per the manufacturer recommendations.

Sealers Evaluated

In order to assess the performance and effectiveness of sealers for delaying ASR, NDOR analyzed seven
different concrete sealers. The following are the sealers used in this study:

100% acrylic polymer

100% waterborne Silane/siloxane with high solids
100% waterborne Silane/siloxane

40% Silane solvent/based

40% Silane water/based

100% Silane solvent-based

Lithium & Silane/Siloxane blend

E IR

Figure 1 shows the Segment of Old Cheney Rd. between 62" St. and Frontier Rd containing the test
segment of sealer treatments.
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(Lancaster county/city of lincoln GIS map, 2613)
Figure 1. Old Cheney Segment Between 62nd and Frontier Rd

The total test segment contained treated sealed sections and untreated control sections. The sealers were
applied August 2010. All sealers, with the exception of the Lithium & Silane/Siloxane blend, were applied as
recommended by the manufacturer after the pavement was washed with high-pressure water and had 4
hours to dry. The sealers were applied by NDOR Materials & Research personnel with an industrial pump
sprayer, as shown in Figure 2. The Lithium & Silane/Siloxane blend was applied by the supplier after
cleaning the pavement surface with hot water.

Each sealer treated section consisted of three concrete panels. There were three exceptions; the Lithium &
Silane/Siloxane blend, the 100% acrylic polymer, and the 40% Silane Water-based. The Lithium &
Silane/Siloxane blend consisted of two panels instead of three due to the manufactured spplication. 100%
acrylic polymer and 40% Silane water-based were each four panels due to unexpected application in the
field. The treated sections were each separated by a set of two untreated panels; the locations of each
treated and untreated panel are shown in Figure 3.

Figure 2. Sealer Application
by Industrial Sprayer
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19 40% Silane Solvent-based
18 % Silane Solvnt-based i
17 40% Silane Solvent-based

P—y—

15 40% Silane Water-based
14 40% Silane Water-based
13 40% Silane Water-based
12 40% Silane Water-based

04 Lithium & Silane/Siloxane

! 03 Lithiu iIane/Sionane

(Lancaster county/city of lincoln GIS map, 2013)

Figure 3. Layout of Sealer Test Panels
Old Cheney between 62nd St and Frontier Rd
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Evaluation Plan

Laboratory and Field-Testing

The laboratory tests were based on the following test methods for preliminary analysis of the concrete
pavement.
1 AASHTO T 260 (NDOR, 2016) Standard Method of Test for Sampling and Testing for Chloride lon in
Concrete and Concrete Raw Materials. This test is a NDR T 260 due to the Department modifying
the concentration of the silver nitrate titrant. To obtain the samples, a hammer drill witha 1l |1 0 bi t
diameter was used, Figure 4. This test method was performed to quantify the chloride ion content of
the concrete in situ.
1 C-315 SHRP (Strategic Highway Research Program, 1991-1993). This test was performed to
identify the presence of ASR.
1 ASTM C 642 Standard Test Method for Density, Absorption, and Voids in Hardened Concrete. This
test was performed to analyze the concrete in-situ.
1 ASTM C 1202 Electrical Indication of Concrete's Ability to Resist Chloride lon and AASHTO T 227
Penetration (Rapid Chloride Permeability Test).Cores were obtained to perform these test methods.
1 ASTM C 457 Standard Test Method for Microscopic Determination Parameters of the Air Void
System in Hardened Concrete by the Linear Traverse Method B. This test was performed to analyze
the total air in situ.

All sampling was performed in accordance with Table 1.
Table 1. Sampling and Testing
Test Each Section-Test Sample

Each Test Section - As det er miNDR d 269\
Standard Method of Test for Sampling and Testing for | Average of Three Samples/All Four
Chloride I on in Concrete an Years

Each Test Section - As det er mi mB&bdSHRPy .
(Handbook for the Identification of Alkali-Si | i c a Re ONe Core/First Year

Each Test Section i As det er mi ned by?od
Standard Test Method for Density, Absorption, and Voids | One Core/First Year
in Hardened Concretebo

Each Test Section i As deter mined by
Standard Test Method for Microscopic Determination
Parameters of the Air Void System in Hardened Concrete
by the Linear Traverse Meth

One Core /First Year

For NDR T 260 test method drilled sample were collected

at depths of 0-i 6, -1i00 and i @Samples were
collected as shown in Figure 4.

Figure 4. Drill Used to Take Samples
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Preliminary Forensic Investigation Analysis

Since the pavement was eight years old at the beginning of this investigation, NDOR performed preliminary
testing in accordance with NDR T 260, ASTM C 642, ASTM C 457, and AASHTO 227 to evaluate the
characteristics of the pavement in situ.

The field-testing was performed by collecting samples, before sealer application, for chloride ion testing as a
baseline and forensic examinations.

Forensic examinations were conducted in-situ by taking field cores (8 x 10 inches) for density by ASTM C
642, permeability by AASHTO T 227, hardened air void by ASTM C 457 and drill dust sample collection
within the wheel path and non-wheel path within each treated section and untreated section by NDR T 260
for baseline of chloride content .

Forensic examinations started in 2010. Field sampling was performed on representative concrete samples
from individual panels that were later treated with sealers. Table 2 shows the results for the pavement before
treatment (sealer application).

Table 2. 2010 Forensic Analysis Results

(*) total hardened air evaluated from one core sample

Panel Density Hardened Air Peémelabn'l)ty Uranyl Acetate Test for
Number | Ib./ie 9% * (Coulom ASR
assed)
3 147.08
8 144.71 Entrained:
13 142.84 4.92 All cores showed
18 142.77 Entrapped: Low reactivity as shown in
23 144.4 7.34 Figure 9.
28 143.21 Total:12.26
33 145.33

The 2010 baseline forensic analysis of all the test sections prior to sealer application indicated the concrete
substrates are dense and in overall good condition, as shown in Table 2. The hardened entrapped air was
high; however, the mix design used for the existing pavement project segment tended to entrap air due to a
gap gradated mix design. In addition, ASR was identified by SHRP C-315 (Strategic Highway Research
Program, 1991-1993) using Uranyl Acetate Testing to identify ASR pavement in situ, as seen in Figure 5 with
the fluorescent green.

Figure 5. Urany!|
Acetate Test for ASR
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Evaluation & Analysis 2010-2011

Chloride lon

The samples for chloride ion analysis were collected annually at increments of one-half inch from the joint.
All the drilled samples were tested according to NDR T 260. For the purpose of this study, the effectiveness
of each sealer was evaluated based on the performance in preventing the penetration of chloride ions
contributed by the deicing chemicals used in winter maintenance operations. The effectiveness of the
sealers was calculated as shown in Equation 1.

Equation 1. Sealer Effectiveness

w o 3 5 v vR 5w

Sampling was performed in accordance with Table 1. All samples collected from the segment were labeled
as shown in Figure 3.

The sample collection was conducted by drilling, as shown in Figure 6. Each sample was collected one half
inch from the joint at depth increments of 0-i 0, -1i60 a Ald | K&mples were collected near the inside
joint as shown in Figure 6. The 2010 baseline and 2011 first year of analysis results are shown in Figure 7,
Figure 8, and Figure 9. The following data results are for the first year only found in Figures 7 to 9. Some
sealers at depths of 0-i 0 tdoida@lnmlii 0 seemed to all ow gr ethdanete
untreated control panels. They are represented by a negative effectiveness as shown in Figure 7, Figure 8,

and Figure 9.

Figure 6. Chloride lon Sample Drilling
Inside joint, position (RT)
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2010-2011 Chloride lon Results

Figure 7. 2010-2011 Sealer Effectiveness at0-i & Dept h
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Figure 8. 2010-2011 Sealer Effectivenessat%-1 0 De pt h
t
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Figure 9. 2010-2011 Sealer Effectivenessat1-1i 6 Dept h
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2010-2011 Data Discussion

The 100% Silane Solvent-based and Lithium & Silane/Siloxane blend sealers performed adequately with no
considerable variation regarding depth. These two sealers showed increasing effectiveness with increased
depth. For these two sealers, effectiveness was greatest atthe 1-1 | 6  d. élgpever, the rest of the sealers
differ when comparing the effectiveness by depth increments.

Evaluation & Analysis 2012-2014

The results from the chloride ion 2011 analysis showed large data scatter on the first year test results, the
research team considered looking at the data trend to analyze data field collection. Therefore, more samples

were added at depth increments of 0-1 6, -1i00 anrld 1100 i n the middle of the
sections treated and untreated covering a total of 35 panels. The strategy was to evaluate the effectiveness

of sealers away from the joint, since the joint is susceptible to moisture and chemical penetration.

Four additional observations were also added to the field-testing for further information into the performance
of the sealers.

Visual Bead Test

Horizontal RILEM Tube Test
Sealer Penetration Test
Shading of the Panel Joints

E R ]
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Visual Bead Test

The Visual Bead Test is a visual assessment of water
beading on a horizontal surface. The test was
performed during the years 2012 and 2014. The test
is a visual qualitative analysis determining how
effectively the water is repelled by the pavement
surface, which is called hydrophobicity.

The test was performed by depositing a few drops of
dyed water to the concrete surface. The sealers were
evaluated by visually in
to itself and adhesion to the surface.

Analysis was performed by inspecting the water to
determine the quality of the convex meniscus that
was formed, as shown in Figure 10. The images of
the test were evaluated on a scale of 0 to 2 based on
the criteria shown in Table 4. The complete results of
the analysis of 2012 and 2014 are shown in Table 3.

Figure 10. Rating Values for the Visual Bead Test

RIS

No Meniscus Weak Meniscus  Strong Meniscus

Table 4. Visual Bead Test Rating Criteria

Rating 0 1 2
i No Weak Strong
Meniscus Meniscus | Meniscus | Meniscus

Examination of the field images for treated panels did
indicate sealers sealed the pavement surface better
than the untreated panels. However, the test is highly
subjective. Multiple variables can affect the results
that are not accounted for, such as wind,
temperature, and dropper technician technique.

Table 3. Visual Bead Test Results

Meniscus | Meniscus

Sample Panel 2012 2014
01-Untreated 0
02-Untreated 0

03- Lithium & Silane/Siloxane blend 2

04- Lithium & Silane/Siloxane blend
05-Untreated 0
06-Untreated

07-100% Silane Solvent-based 2

08-100% Silane Solvent-based

09-100% Silane Solvent-based

10-Untreated

11-Untreated

12-40% Silane Water-based 2
13-40% Silane Water-based 2
14-40% Silane Water-based
15-40% Silane Water-based
16-Untreated
17-40% Silane Solvent-based 1
18-40% Silane Solvent-based
19-40% Silane Solvent-based 0
20-Untreated
21-Untreated
22-100% Waterborne Silane/Siloxane 2
23-100% Waterborne Silane/Siloxane
24-100% Waterborne Silane/Siloxane
25-Untreated 0
26-Untreated 0
27-100% Waterborne Silane/Siloxane 2
28-100% Waterborne Silane/Siloxane
29-100% Waterborne Silane/Siloxane
30-Untreated 0
31-Untreated
32-100% Acrylic Polymer 1

33-100% Acrylic Polymer

34-100% Acrylic Polymer

35-100% Acrylic Polymer

RPlIRIRP]IRP|IO|IOINININ|IO|IOINININ|IFRIFR|IOIFRIFR]IFRININININIOIOININININIOININ|O|O

Ratings based on the criteria given in Table 3. A
value of zero indicates a low performance. A value
of one indicates medium performance. A value of
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Horizontal RILEM Tube Test

The Horizontal RILEM Tube Test, which is the RILEM Test No. 1.4, water absorption under low-pressure
(pipe method) test, was evaluated in 2012 to measure absorption of water on the pavement surface. It was
used as a method for directly measuring the rate of absorption of water into the pavement surface over a
specified time. The test was completed on the untreated and treated panels listed in Table 5.

Test was performed by attaching an open-ended 5 mL graduated
cylinder to the pavement surface, as shown in Figure 11, by using
putty to form a watertight seal between the pavement and the
cylinder. The cylinder was then filled with dyed water. The absorption
is measured by tracking the change of water volume in the cylinder at
5, 10, 15, 20, 30, and 60 minutes intervals.

While some of the results showed promise, the method was
discontinued due to issues with reliability and reproducibility of the
results. The identified problem was an issue maintaining a watertight
seal between the tube and the pavement surface. The leaking of fluid
can be seen in Figure 11. The results of the testing are shown in Figure 11. Measuring Fluid
Table 5. Leakage

Table 5. Horizontal RILEM Tube Test Results

Sample Panel RILEM Horlﬁ:l)_rz\tzlh';::)g;ﬁzld Reading- RILEM Hr%rtz?géar:ltg:lgfePF;ﬁledl)Readmg-
Mins 5 10 15 20 30 60 5 10 15 20 30 60
02-Untreated 0.10 | 0.10 | 0.20 | 0.20 | 0.30 | 0.50 0.10 | 0.10 | 0.20
03- Lithium & Silane/Siloxane blend 0.10 | 0.20 | 0.25 | 0.30 | 0.50 | 0.75 | 0.10 | 0.20 | 0.25 | 0.30 | 0.40 | 0.60

09-100% Silane Solvent-based

10-Untreated 0.50 | 1.50 0.50 | 1.50 | 1.50
14-40% Silane Water-based 0.13 | 0.25 0.13
16-Untreated
19-40% Silane Solvent-based 0.25 0.25 | 0.25 | 0.25 | 0.50
22-100% Waterborne Silane/Siloxane 0.25 | 0.25 | 0.50 0.25 | 0.25 | 0.25 | 0.25
29-100% Waterborne Silane/Siloxane 0.25 | 0.25 | 0.25
32-100% Acrylic Polymer 0.25 | 0.25 | 0.25 | 0.25 | 0.25

The results in Table 5 show that two of the three untreated panels performed as expected, having
penetration results greater than the sealers. However, untreated panel 10 was observed to be leaking at 15
minutes for the wheel path and at 20 minutes for the non-wheel path. This was due to workmanship when
placing the putty between the cylinder and the flat surface of the concrete, which is was not sealed well. Due
to inconsistency and tediousness, this test was only performed in 2012, and results were not used for the
final sealer evaluation.
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Sealer Penetration Test

The Sealer Penetration test was used for years
2012, 2013, and 2014. One core was taken from
each treated section for each year. Samples of 2 x
2 inches were cored, split lengthwise, and then the
inner top surface was saturated with distilled
water. The sealer penetration was evaluated by
visually inspecting the core sample for a water-
repelling layer near the surface, indicating how
deep the sealer penetrated. This was indicated by
a light colored dry area, as shown in Figure 12.

Figure 12. Sealer Penetration Examples

2013 #1

Sealer Penetration Not Visible

Sealer Penetration Visible

The analysis of the years 2012, 2013, and 2014
found that the 100% Silane Solvent-based and
40% Silane Solvent-based were the only sealers to
have a water-repelling layer for all three years.
40% Silane Water-based did show a water-

Table 6. Sealer Penetration Layer Results

Year | Year | Year

SampleRane! 2012 | 2013 | 2014

01-Untreated

02-Untreated

03- Lithium & Silane/Siloxane blend No No

04- Lithium & Silane/Siloxane blend No

05-Untreated

06-Untreated

07-100% Silane Solvent-based

08-100% Silane Solvent-based Yes Yes

09-100% Silane Solvent-based Yes

10-Untreated

11-Untreated

12-40% Silane Water-based

13-40% Silane Water-based No

14-40% Silane Water-based Yes

15-40% Silane Water-based No

16-Untreated

17-40% Silane Solvent-based

18-40% Silane Solvent-based Yes

19-40% Silane Solvent-based Yes Yes

20-Untreated

21-Untreated

22-100% Waterborne Silane/Siloxane No No

23-100% Waterborne Silane/Siloxane

24-100% Waterborne Silane/Siloxane No

25-Untreated

26-Untreated

27-100% Waterborne Silane/Siloxane No

28-100% Waterborne Silane/Siloxane No

29-100% Waterborne Silane/Siloxane No

30-Untreated

31-Untreated

32-100% Acrylic Polymer No

33-100% Acrylic Polymer No

34-100% Acrylic Polymer No

35-100% Acrylic Polymer

Core samples with a fiNoovalue did not have a
hydrophobic layer. Core samples with a fivesovalue

repelling layer in year 2012, but not in the following years, as shown in Table 6.
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Visual Shading of Panel Joints

Shading at the joint is an early sign of ASR. It was
observed at the joints of the pavement in 2012,
prompting future monitoring of the panels for this
indication. Pictures were taken for the years 2012-
2014 at the right joint of the panels. Examples of the
shading and non-shading observed are shown in
Figure 14. and Figure 15. The results of the visual
shading analysis are shown in Table 7.

Figure 13. Panel Joints with
Shading

Figure 14. Panel Joints without
Shading

It is interesting to note that panels 1-9 did not appear
to have shading, including the untreated control
panels. If the observations were accurate then the
Lithium & Silane/Siloxane blend, 100% Silane
Solvent-based, 40% Silane Water-based, and 40%
Silane Solvent-based would appear to show ASR
mitigation. However, the fact that the adjacent
untreated panels also did not show joint shading as
well indicates that there may have been some other
factors involved.

Table 7. Visual Shading of Panel Joints

Results
Year | Year | Year
el el 2012 | 2013 | 2014
01-Untreated No No
02-Untreated
03- Lithium & Silane/Siloxane blend No No
04- Lithium & Silane/Siloxane blend
05-Untreated No
06-Untreated No No
07-100% Silane Solvent-based No
08-100% Silane Solvent-based No No
09-100% Silane Solvent-based No
10-Untreated Yes
11-Untreated Yes Yes
12-40% Silane Water-based No
13-40% Silane Water-based No
14-40% Silane Water-based No
15-40% Silane Water-based No No
16-Untreated Yes Yes
17-40% Silane Solvent-based No No
18-40% Silane Solvent-based No No
19-40% Silane Solvent-based No
20-Untreated Yes Yes
21-Untreated Yes
22-100% Waterborne Silane/Siloxane Yes Yes
23-100% Waterborne Silane/Siloxane Yes Yes Yes
24-100% Waterborne Silane/Siloxane Yes Yes Yes
25-Untreated Yes Yes Yes
26-Untreated Yes Yes Yes
27-100% Waterborne Silane/Siloxane Yes
28-100% Waterborne Silane/Siloxane Yes Yes
29-100% Waterborne Silane/Siloxane Yes Yes
30-Untreated No
31-Untreated No
32-100% Acrylic Polymer
33-100% Acrylic Polymer No Yes | Yes
34-100% Acrylic Polymer
35-100% Acrylic Polymer
Cells withthe No0 v al ue were obser
shading.

Cells with the fYesovalue were observed to have
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Chloride lon Penetration 2012-2014

Sample Collection Modification

Based on the 2011 test results, the research team decided to
increase the number of locations on each panel to improve
confidence in the NDR T 260 (NDOR, 2016) chloride ion
analysis. The locations added were the left joint (LT), middle
left (ML), and middle right (MR) on the panel. Depth
increments remained the same at 0-i 0, -1i00 anld (100
The middle left and middle right were added to provide
consistent results that are mainly effected by the penetration
of the chloride ions through the surface sealer and not from
the joint where there is a greater penetration of moisture and

chemicals. Figure 15 shows the locations of sample collection Figure 15. Chloride lon Sample
for 2012-2014. Locations on the Panel 2012-2014

NDR T 260 Modification

The AASHTO T 260 has three methods for the determination of chloride ion content of concrete cores that
can be used when testing by potentiometric titration. Investigations into Methods of AASTHO T 260 (Heyen,
Dondlinger, & Halsey, 2012) was completed to determine which of the three methods included in AASHTO T
260 would be appropriate for the chloride ion testing. Prior to this investigation, the initial silver nitrate
concentration was modified from 0.01 N to 0.03 N, requiring AASTHO T 260 to be adapted to NDR T 260 to
address this change.

It was concluded from the research that changes could be
made to improve accuracy and precision, and reduce
operational costs. These procedure changes were adapted at
the end of 2012 and were used on the chloride ion content
testing by an automatic titrator for years 2012 thru 2014 as
shown in Figure 16. The modifications were as follows:

1 Samples are to be prepared at a final volume of 100
mL.

1 Samples are to be tested in triplicate with results
differing not to differ by more than 68 ppm.

1 Samples are recommended to be tested by use of an
automatic titrator.

Due to the modification to the NDR T 260 test method Ill, the

research team evaluated the 2010-2011 chloride ion results Figure 16. Chloride lon Testing by
separately from the 2012-2014 results, because the 2010- Automatic Titrator

2011 results were completed following the NDR T 260 test

procedure. The 2012-2014 data analysis followed the modified NDR T 260 procedure.

Chloride lon Sample Preparation Modification

In 2013, an additional step in sample preparation was added to the modified NDR T 260 procedure. The
additional step was to pulverize all chloride ion samples using an automated mixer mill prior to testing. The
intent of the additional step was to improve result precision and accuracy by increasing the sample surface
area and further homogenizing the powdered samples. The mixer mill was used on the samples from 2013
and 2014.
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Chloride lon Data Discussion

The analysis of data from 2012 thru 2014 was based on depth increments at0-i 6 ,-1 & a-f & 0 1 frighb m
joint (RT), left joint (LT), middle left (ML), and middle right (MR) of the panel in accordance with the modified
NDR T 260 test method lll. 420 Samples were gathered each year. The performance the sealers was
assessed based on the percent reduction of chlorides ions, in parts per million (ppm), from year to year. As it
was mentioned throughout the report, drill dust samples, as shown in Figure 17, were collected annually for

4 years, and analyzed for chloride ion content. The results for each section were averaged among all panels

at each depth.

Figure 17. Drilled Dust Sample Collection

For 2012, 2013, and 2014, sealer effectiveness was calculated as a ratio of the average ppm results of the
treated section to the average ppm results of the untreated sections adjacent to the treated section being
analyzed. The ratio was then subtracted from 1 and multiplied by 100 to give the percent ratio sealer
effectiveness, as shown in Equation 2, where the value directly correlates with the effectiveness. This
alternative calculation was selected to reduce inconsistencies in the data trend. This calculation is similar to
the calculation used by a similar study performed by The Wisconsin Department of Transportation (Pincheira
& Dorshorst, 2005), the difference being the subtraction from 1. The subtraction from 1 was added to move
the baseline of neutral effectiveness from 100% to 0%.

Equation 2. Treated/Untreated Ratio
Vi QOODDYQOOTRED Q
YEOI QADDYQ0OTDERT ©

p AL P YO OTRHDWAQDO QU Q&

Analysis of the data found that there could be considerable deviations within treated sections. These
deviations included inconsistencies in the data between depths, sample positions, and from year to year. In
an attempt to account for the deviations, the research team used a statistical method to detect outliers called
the generalized Extreme Studentized Deviate (ESD). This method was used to detect multiple outliers within
the same treatment section depth and year. The method was completed using a 90 percent confidence level.
The ESD analysis of the data found that the samples taken at the RT and LT, presented more outliers than
the ML and MR. RT and LT provides more outliers due to that the joint provides a greater penetration of
moisture and chemicals. ML & MR were added to RT & LT to provide consistent results that are mainly
affected by the penetration of the sealers to prevent chloride ions through the surface and not from a joint.

The results of the ratio sealer effectiveness by the depths of 0-i 6, -1i00 a Rld0 1 @arramged in the

geographical order of sealer sections, shown in Table 8, Table 9, and Table 10. The data results were
analyzed in an Excel spreadsheet. The data results are available upon request.
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