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EXECUTIVE SUMMARY

The purpose of this project was to continue phase | of the study with the objective of identifying
promising procedures and applicable modified binder specification criteria for use in Wisconsin,
based on comparison of test results to field performance. Field performance was assessed
through condition surveys conducted between 2004 and 2012 as part of both phase | and phase 11

of the project.

The Linear Amplitude Sweep test, standardized under AASHTO TP101, was considered
and evaluated as a potential test. Two failure criteria were evaluated for calculation of the “A”
parameter in the LAS fatigue power law. The best correlations with field performance were
found when testing at the required Superpave intermediate temperature grade of the project
location and calculating the Nf value corresponding to the damage level at the peak stress. A set
of preliminary performance criteria were proposed based on the target mix design type and target

traffic grade.

The Single Edged notched Bending procedure (BBR-SENB), based on the modification
of the Bending Beam Rheometer test, currently under consideration by AASHTO for provisional
standardization, was used to assess resistance to thermal cracking. The BBR-SENB results
correlated well with the observed field thermal cracking when tests were conducted at the project
location low temperature PG specification temperature. A procedure was introduced for thermal
cracking evaluation of modified binders using the BBR-SENB test at the project location low
temperature PG specification temperature (average annual minimum pavement temperature +
10°C) and a preliminary failure limit and acceptance criterion was defined for qualifying binder

results in terms of thermal cracking resistance using RTFO aged binders and estimated for PAV-



aged conditions. Based on the current data it is recommended that PAV-aged conditions be used

for a more conservative controlling of binder failure properties.

In terms of rutting resistance it was shown that the studied Wisconsin binders exceeded
the most extreme binder rutting grade requirements according to AASHTO MP 19 (MSCR) at
the local high performance temperatures. The binder test results were unable to accurately relate
to the observed field conditions. Information reported with regards to construction conditions
and resultant variation in field short-term aging compared to that achieved using the RTFO were
noted as possible contributing factors to the lack of relationship. Nonetheless, it was shown that
the aggregate structural properties measured using simple image analysis procedures could
capture a trend that better reflected that of the field rutting behavior. Results indicate that proper
ranking of material in terms of rutting resistance may not be possible without consideration of

both binder properties and aggregate structure, as both factors contribute significantly to the

pavement rutting performance.
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CHAPTER ONE: INTRODUCTION

Introduction

Current Superpave binder specifications, as used in Wisconsin and many other states, are based
on linear viscoelastic properties. Furthermore, the current specifications were primarily
developed for unmodified binders. However, research has demonstrated the importance of
damage resistance characterization of asphalt binders with respect to pavement distresses (Babhia,
et al., 2001). Unmodified and modified binders often perform comparably within the linear
viscoelastic range. However, modified binders often demonstrate superior damage resistance. A
number of procedure have been introduced in recent years to address the need for damage
characterization test procedures for proper assessment and selection of modified binders,
examples of which are the linear amplitude sweep (LAS) test (Johnson 2010, Hintz et al. 2011),
the dynamic shear rheometer elastic recovery (ER-DSR) (Clopotel & Bahia, 2012), Single Edged
Notched Bending (BBR-SENB) test (Velasquez, et al, 2011), and a modified method for
conduction of the multiple stress creep and recovery (MSCR) test (Bahia, et al., 2011).
Furthermore, recent findings suggest that determination of compaction temperatures or
assessment of resistance to rutting solely based binder parameters and properties is insufficient,
as the aggregate structure and the complex interaction between binder and aggregate structural
properties can have detrimental effects on rutting resistance and compactability of mixtures
(Roohi, et al, 2012; 2013). Thus investigation of potential method incorporating an
understanding of aggregate structure and interaction of binder and aggregate is of essential

importance for assessment of such behavior.
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Project Background

In October 2007 the Wisconsin Department of Transportation (WisDOT) and the Wisconsin
Highway Research Program completed, “SPR 0092-03-13: Field Validation of Modified Binder
Selection Guidelines.” The study served as an initial step towards validating WisDOT’s asphalt
binder selection criteria. Field sites were identified, and HMA materials (asphalt binder and
loose mix) were sampled. The most valuable product of this research was the characterization of
the as-built asphalt binder material properties using newly-developed test methods that focused
on damage-resistance characteristics. Early-life pavement distress surveys were conducted to
evaluate the ability of these test methods to quantify the effect of use of modified binders on
field performance; however, there was difficulty in differentiating the performance of the

pavements due to the relatively short time frame over which they were in service.

Thus it was concluded that the potential exists that application of new characterization
techniques in conjunction with field performance data from the existing test sections will
improve WisDOT’s understanding of the critical asphalt binder properties that influence field
performance. The present study and report is an effort to address these needs and provide further
insight into potential procedures for evaluating and selecting modified binders using

performance based criteria.

Research Approach and Report Structure

In the present study a set of modified binders corresponding to constructed field section across
Wisconsin were tested using recently developed characterization procedures under consideration
or standardized by AASHTO as provisional standards. The purpose of the project was to identify

promising procedures and applicable modified binder specification criteria for use in Wisconsin,
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based on comparison of test results to field performance. Field performance was assessed
through condition surveys conducted between 2004 and 2012 as part of both phase | and phase 11

of the project.

The performance of the surveyed field sections was evaluated in three main categories
based on temperature range of the interest (i.e. high, intermediate, and low service temperatures).
These temperature ranges correspond to rutting, fatigue damage and thermal cracking distress in
the pavement. Results of binder testing and analysis, along with comparative studies to measured
field performance are conducted in a separate chapter for each of the aforementioned
temperature ranges and distress modes. Based on the results suggestions are mode for

consideration as modifications to the current WisDOT binder selection criteria and specification.

Field Distress Survey

The field inspection component of this study involved the inspection of 12 sites identified in the
first round, as shown in Table 1. The inspection process followed the ASTM D6433 standard
procedure. In this procedure, random subsections are identified for the site at hand. An
inspection of the standard distresses is then conducted, highlighting the extent of each distress
(value) and the severity. According to the information collected, the ASTM procedure
demonstrates means for calculating a “deduct” value that is representative of the level of damage

due to a specific distress. After all the deduct values for all the available distresses are

determined, the Pavement Condition Index (PCI) is determined.
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Table 1 List of Projects Examined in the Study

Project ID Project | Location (County) C o;(g?rij(gion I\/1I_i)>/<tpuere Project Title
1080-00-72 | USH12 | WALWORTH 2003 E1 | WHITEWATERBYPASS (USH 12)
1170-13-70 | USH 51 IRON 2004 3 | STHT7USH2-Clyof Hurley USH
9040-09-70 | STH17 | ONEIDA/VILAS 2003 E3 | POLLYANNA LN-STH 70-STH 17
9140-07-70 | STH64 | LANGLADE 2003 E-3 AR C(‘SDTL"_TZ‘;?LOVER
71320461 | STHO3 TF\I?EUI\; EQ‘EE‘Z‘\U 2004 E-1 STH 93 & STH 95
5300-04-74 | USH 12 DANE 2005 E10 | (GAMMON Rb-WHITNEY WAY)
72000570 | STH35 |  ST.CROIX 2005 E10 | (oANLEY ROAD INTERCHANGE)
4657-11-71 | CTHA | OUTAGAMIE 2005 E-10 LYNNDALE DRIVE (CTH A)
6500-00-70 | STH110 | WAUPACA 2003 EL | ciTy OF WEYAUWESA (STH 110)
1130-12-71 | USH 41 BROWN 2003 E30 | | oMBARD! AVE. 1H 45 (USH 41)
31200670 | STH67 | WALWORTH 2003 E-1 STH67-WALWORT H COUNTY
4100-10-71 | USH151 | MANITOWOC 2003 E10 | (qouTrt 41e T REET 26h T REE)

In calculation of the PCI, distresses are recorded based on their severity, based on which

the deduct value corresponding to each severity level is calculated. The deduct values represent

the combined values for a given distress type. This deduct value is used in the data analysis as a

measure of the impact the different distress types on the overall pavement condition.

The 2012 field distress survey was conducted on randomly selected 200ft sections within

each site. The randomization was conducted prior to visiting each site to eliminate bias in the

selection of the inspection sections. After the random selection of the test section, the entire

length of the pavement section was driven to assure the uniformity of the roadway and that the

selected section does not represent a special or uniqgue segment of the roadway.
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The information on the distress level collected in this study provides the means necessary
to quantify the impact of each distress on the overall pavement condition, while provide a
mechanism to compare the distress level to that obtained from the previous phase of this study. It
is important to note that a number of the sites, including 9040-09-70 and 1130-12-71 in Vilas
and Brown counties respectively, had been resurfaced and repaved before the 2012 survey was
conducted. Therefore, for these sites no distress survey was conducted. Distress data from the
previous phase of this study was converted to deduct values using the distress description and

attributes provided. This allows for examining the deterioration in pavement condition over time.

In relation to this study, thermal cracking and wheel path (WP) longitudinal cracking are the
most critical. While alligator cracking is evident in two of the projects, no such type of cracking
was observed in the previous phase. In addition, no rutting deformation was observed in all the
random sections studied for this project. Pavement surface quality appeared to be greatly
impacted as demonstrated by the consistent presence of raveling and polished aggregate surface

for most of the projects surveyed. This is most likely due to the plowing of snow during winter.
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CHAPTER TWO: FATIGUE CRACKING RESISTANCE

Background

In phase | of this study, field performance was related to the Np20 parameter, derived from the
time sweep test first proposed by Bahia et al. (2001). To derive the fatigue life relationship for a
specific binder and temperature the time sweep test was performed at multiple input energy
levels. These energy levels are related to the overall strain and loading level in the pavement
layer, and thus could be related to highway classification or pavement structure. Further details
on the procedure and specification can be found in the literature (Nam, et al., 2005; Delgadillo &

Bahia, 2005).

Although the test results showed promising trends with the field performance in phase I,
since then the time sweep test method has been replaced by other newer procedures, despite the
promising relation to performance. The main reason for this has been challenges with regards to
repeatability of the time sweep test as well as the practicality of performing the lengthy time

sweep procedures, in some cases lasting for hours.

The Linear Amplitude Sweep (LAS) test is the primary method under investigation as an
accelerated fatigue procedure (Hintz, 2012; Johnson & Babhia, 2010). The test is performed using
the DSR 8-mm parallel plate geometry in strain-controlled mode at the same temperature and
loading frequency as the time sweep, but the load amplitude is systematically increased to
accelerate damage in the specimen. Use of viscoelastic continuum damage mechanics allows for
prediction of fatigue life at any strain amplitude from a single 30 minute test, thus allowing for
consideration of pavement structure (i.e., strain) and traffic (i.e., number of cycles to failure).

The procedure has been validated through comparison with field performance of Long-Term

18



Pavement Performance (LTPP) test sections (Hintz, et al., 2011). The procedure received the

FHWA Binder ETG’s approval in 2011 and designated a provisional AASHTO standard

procedure under AASHTO TP101 in 2012.

An initial 100 cycles is applied at 0.1% strain to determine undamaged linear viscoelastic
properties. The procedure consists of ramping strain amplitude, beginning at 0.1% and ending at
30% applied strain, over 3100 cycles of loading at 10 Hz. A graphical example of this loading
scheme is shown in Figure 1(a). Through communications with major Rheometer manufacturers
and user experience it was determined that all current standard rheometers have the capability of

performing strain sweeps in which strain is increased at a rate of 0.1% per second at a high

precision without difficulty (Figure 1(b)).

25 500000 —— Standard Rheometer
. N = ——Research Grade Rheometer
$30 - £, 400000
~ 7]
E 2 300000
5 20 1 g
3 <=
7 15 - “2 200000
z 5
510 g
g o Standard Rheometer £:100000
=) -
< 3 Target

0 n T T T 0

0 100 200 300 0 5 10 15 20 25 30
Time (sec) Apparent Shear Strain [%]
(a) (b)

Figure 1. Ability of standard and research-grade rheometers in terms of achieving (a)
target apparent strain, and (b) apparent stress response using the continuous strain sweep

Once the strain sweep is applied to the sample, the damage accumulation for the LAS test
can be determined through VECD analysis, resulting in the fatigue power law damage model

(equation 1), and the corresponding coefficients, A and B.
19



Nf=A (Ymax)-B 1)

Nf is the number of cycles to fatigue failure, which is the traffic volume failure criteria,
smax 1S the maximum tensile strain expected in the binder phase under traffic loading, which will
be a function of pavement structure. Currently the strain values of 2.5 and 5% strain are used to

calculate the LAS fatigue life. The binder strain is assumed to be by average 50 times larger than

that of the bulk mixture strain, based on earlier research (Kose, et al., 2000).

The A coefficient is determined through VECD analysis of the continuous oscillatory
amplitude sweep. To determine the undamaged rheological behavior for input into the VECD
calculations a frequency sweep test is needed. The procedure consists of applying constant low-
level load amplitude (0.1% strain) to avoid damaging the specimen over a range of loading
frequencies (typically from 0.1 to 30 Hz, depending on equipment capabilities). The logarithmic
slope of the storage modulus (G ’(w)) as a function of angular frequency (m) is used to calculate
the damage accumulation and the parameter B, as shown in equations 2 and (3).

N

o 1
D@ = ) [y (Ciy — COTTH(ti — ti )T (2)
i=1
B =2a 3
where:
o C(t)=1TEMWO  which is |G¥sind attime t divided by the initial “undamaged”

|G*|sindinitial

value of |G*|sind.
e yo =applied strain for a given data point, percent
e |G* = Complex shear modulus, MPa

a =1/m

20



e t =testing time, seconds

By linearization of the log of the damage accumulation (log(D(t)) versus time, the

resulting coefficients can be used to calculate the fatigue law A parameter as shown in equation 4

to 6.
log(Co — C(8)) =10g(Cy) + C; - log(D (1)) 4
_ f(Dy) )
k (il C1Cy)"
co\ /¢
D, = (C—f) (6)
where:

e Cy=1, the initial value of C,

e C;and C, = curve-fit coefficients,
e f =loading frequency (10 Hz).

e k=1+(1-C)a

e D; =damage level failure criteria

e C; =normalized modulus at failure criteria

The damage level failure criteria should be defined in a manner that most closely reflects

failure behavior in the field. In the present study two criteria were investigated:

1. C; is defined as C(t) corresponding to 35% reduction in initial |G*|sind, in which C(t) is
the ratio of the |G*(t)|sind(t) to its initial value (|G*p|sindp).
2. Cs is defined as C(t) corresponding to the peak shear stress experienced during the test, in

which C(t) is the ratio of the |G*(t)| to its initial value (|G*|).
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The second criterion was inspired by a recent study on relation of the LAS procedure to
mixture fatigue testing (Safaei, et al., 2013). Comparison of results to field performance will be
used as the basis of selecting one of the proposed failure criteria for use in evaluation of
modified binders in Wisconsin. Further information on the LAS procedure and development can

be found in the literature (Hintz, et al., 2011; Hintz, 2012).

Selected Projects

For the field evaluation of the fatigue characterization parameters, section corresponding to the
modified binders used in phase | were used for comparison with previous results. The modified
binders were graded PG58-34, PG64-28, and PG70-28. All projects were constructed in 2003
with a design life of 20 years. For each section the traffic information was previously derived

from the design documents. The field section and binder information is shown in Table 2.

Table 2. Information corresponding to selected field section for fatigue test evaluation

Project Name DoT|||::))r0jem Binder ESEQLQ Grou?rrﬁéate

Rhine;di:;ypass 9040-09-70 | 58-34 2029400 2.4%
Charlotte %g% A %'Over Road | 9140-07-70 | 58-34 1511101 1.5%
South CO%B%/H'—?B' CTHM ' 11771070 | 58-34 1898000 1.5%
Piglfyvofe'iiguf‘ve'\é';"( gtTfﬁ'etlsloc)“y 6590-00-70 | 64-28 861000 2.0%
De F:&g-_ﬁf:ezgiadéhoﬂt)’afd‘ 1130-12-71 | 64-28 | 19388800 2.1%
STH67 — Walworth County 3120-06-70 64-28 > 1000000* 1.7%
Airport Freeway (IH 894) 1090-14-70 70-28 15972400 1.6%

*As design data was unavailable for this section, the mixture design rating (E-1) was used as
basis of traffic level.
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Binder Testing

Binder testing was performed using the Linear Amplitude Sweep on RTFO aged binders. The
tests were performed at two temperature regimes. The first set of tests was all performed at 15°C.
This temperature was chosen in phase | as the yearly average pavement temperature in

Wisconsin and was used for binder fatigue testing using the Np20 procedure in Phase | of the

project.

The second set of tests was performed at the local intermediate performance grade
specification temperature as determined in AASHTO M320. The reason for using this
temperature criterion was to use test conditions better representing local conditions for each
binder. For determination of the testing temperatures to be considered, the LTPPBind v3.1

software was used to determine the average condition in the county in which the highway section

was located at a reliability level of 98%. The results are shown in Table 3.

Table 3. Required Passing Grade Temperature from LTPPBind v3.1

Project Name WI County | DOT Project ID Binder SpeI;fiF;Stion

Rhine;:;:;ypass O\r}?li‘ij:" 9040-09-70 58-34 13°C
Charlotte %g% '62)'0"” Road | ) anglade 9140-07-70 58-34 16°C
South CO‘EB%’HLEST)' CTHM | Marquette |  1177-10-70 58-34 16°C
P‘Q]?’V\'\/’e";‘;‘uf‘ve'\é';"(g;raetlsloc)‘ty Waupaca |  6590-00-70 64-28 16°C
De F}Jg'_ﬁrﬁefﬁadéhoﬂgardi Brown 1130-12-71 64-28 16°C
STH67 — Walworth County | Walworth 3120-06-70 64-28 19°C
Airport Freeway (IH 894) Milwaukee 1090-14-70 70-28 19°C
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Using the analysis procedure described in the previous sections, the LAS results were

calculated as shown in Table 4 and Table 5, Figure 2, and Figure 3 for tests at 15°C. Two failure

criterions were used for analysis.

Table 4. Results of Linear Amplitude Sweep tests performed at 15°C for N+3s

Binder A | cov B COV |Nf25% | cov | Nf5% | cov

Name
1000-14-70 | 103000 | 5.9% | -347 | 05% | 4283 | 42% | 386 | 2.9%
9040-09-70 | 350401 | 31% | -334 | 01% | 16396 | 34% | 1617 | 36%
11301271 | 129509 | 48% | 307 | 0.0% | 7763 | 49% | 923 | 4.9%
1177-1070 | 234773 | 37% | 300 | 03% | 15011 | 2.9% | 1875 | 2.3%
6500-00-10 | 152202 | 1.8% | -321 | 03% | 8070 | 26% | 875 | 32%
31200670 | 284455 | 85% | -3.65 | 01% | 10003 | 82% | 795 | 7.9%
91400770 | 261187 | 1L.9% | 306 | 11% | 15746 | 88% | 1882 | 6.4%

Table 5. Results of Linear Amplitude Sweep tests performed at 15°C for N¢peax

Binder A cov | B | cov |Nf2s% | cov | Nfsw | cov

Name
1090-14-70 | 262288 | 32% | 347 | 05% | 10906 | 49% | 94 | 6.2%
00400970 | 303830 | 22% | 334 | 01% | 14216 | L19% | 1402 | L.7%
1130-12-71 | 143563 | 63% | 307 | 00% | 8509 | 62% | 1022 | 6.1%
1177-10-70 | 247962 | 2.0% | 300 | 0.3% | 15856 | 12% | 1981 | 0.6%
6590-00-10 | 162265 | 6.6% | 321 | 03% | 8601 | 58% | 932 | 52%
3120-06-70 | 361598 | 15.6% | -3.65 | 01% | 12714 | 152% | 1010 | 15.0%
01400770 | 273749 | 17.6% | -3.06 | 11% | 16488 | 14.5% | 1969 | 121%

In Table 4 failure is determined based on 35% reduction in |G*|sind, while the results in

Table 5 were calculated at the damage level corresponding to the peak stress response. A
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relatively high spread in the results of the different binders is observed, which is desirable for a
characterization and selection parameter. Furthermore, the coefficients of variation for all tests

are generally less that 10%, which is considered very good for a damage test.

Figure 2 shows that difference in two criteria is simply on the interpretation of the “A”,
the damage parameter, with “B”, the rheological parameter remaining unchanged. For many
binders both failure criteria yield relatively similar results, with main difference being for binder
1090-14-17, which showed the weakest response using the 35% reduction criteria, while
showing a relatively average performance if the peak stress criteria is utilized, as can be seen

clearly in Figure 2 and Figure 3.
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Figure 2. Linear Amplitude Sweep Fatigue Power Law Corefficitents (“A” and “B”) using
both failure criteria from tests performed at 15°C.
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Figure 3. LAS Nf results using both failure criteria at 15°C for (a) 2.5% strain, and (b) 5%
strain.
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Table 6 and Table 7 show the analysis results from LAS tests performed at the
intermediate performance grade specification temperature. As in the analysis at 15°C, two failure
criterions were used for the analysis of the tests performed at the PG intermediate specification
temperature, with failure in Table 6 being determined based on 35% reduction in |G*|sind, and
the results in Table 7 being calculated at the damage level corresponding to the peak stress
response. What is noteworthy in results at both 15°C and the IT PG temperature is that the peak
stress N criterion results in a smaller spread in the results compared to the 35% reduction
criteria. This will be further evaluated using comparisons with field performance in later

sections.

Table 6. Results of Linear Amplitude Sweep tests performed at IT PG specification
temperature for Ne¢sso

Binder A covV B COV | Nf25% | cov | Nfs5% | cov
Name
1090-14-70 | 119565 | 0.6% | -3.39 | 0.3% 5344 1.5% 509 2.1%

9040-09-70 | 484614 6.4% -3.61 0.5% 17713 4.6% 1449 3.2%

1130-12-71 | 159162 2.2% -3.06 0.3% 9684 3.1% 1165 3.7%

1177-10-70 | 533388 8.5% -3.41 1.2% 18282 4.8% 1714 2.1%

6590-00-10 | 252994 2.7% -3.44 0.6% 13271 0.7% 1224 0.8%

3120-06-70 | 319036 0.3% -3.34 0.4% 13892 0.8% 1374 1.7%

9140-07-70 | 407210 1.8% -3.17 0.3% 22146 1.0% 2463 0.3%

27




Table 7. Results of Linear Amplitude Sweep tests performed at IT PG specification
temperature for N¢peak

Binder A coV B COV | Nf25% | COv | Nf5% | cCov
Name
1090-14-70 321538 2.4% -3.39 0.3% 14371 1.5% 1369 0.8%
9040-09-70 | 524022 3.2% -3.61 0.5% 19170 5.0% 1570 6.3%
1130-12-71 208107 1.3% -3.06 0.3% 12661 0.4% 1523 0.2%
1177-10-70 | 417980 22.6% -3.41 1.2% 18282 19.1% 1714 16.4%
6590-00-10 309842 3.9% -3.44 0.6% 13271 1.9% 1224 0.4%
3120-06-70 | 295981 14.0% -3.34 0.4% 13892 12.9% 1374 12.0%
9140-07-70 | 403821 1.5% -3.17 0.3% 22146 2.4% 2463 3.0%
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Figure 4. Linear Amplitude Sweep Fatigue Power Law Corefficitents (“A” and “B”) using
both failure criteria from tests performed at IT PG specification temeprature.
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Figure 5. LAS Ns results using both failure criteria for (a) 2.5% strain, and (b) 5% strain at
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Performance Data

The performance of the monitored field sections in phase | was based on survey carried out
between 2004 and 2006, in the latter of which signs fatigue cracking initiation were observed in

many sections in the form of longitudinal crack formation, while later stages of crack

propagation into alligator cracking was not observed.

As part of the phase Il study a condition survey was performed on all sections in October
2012. In this survey it was found that projects 1090-14070, 9040-09-70, 1177-10-70, and 1130-
12-71 had been overlaid before the start of phase Il. Thus a complete set of field performance
data for the fatigue evaluation could not be put together from the 2012 survey results.
Furthermore, of all non-overlaid surveyed sections in phase Il (including sections not included in
phase | fatigue evaluation) only two sections showed signs of fatigue cracking and thus sufficient
performance data for a complete fatigue damage data set was not available from the 2012 survey
results. As a result it was decided to use the 2006 data for evaluation of the LAS parameters
introduced in phase Il of the study. Similar to Phase I, the performance index used was based on
the percent of 100 ft segments out of the approximately 1.0 mile field section on the project that
showed signs of occurrence of fatigue cracking. The total crack length observed per segment
were up to 200 ft, with the severest crack widths in the range of ¥ to %2 inches wide. The indexes
yielded a wide range of performances for the different field, and thus allowed for clear

discrimination between the different sections. The survey results are shown in Table 8, while

Table 9 shows a summary of LAS results to be compared to the field performance index.
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Table 8. Field performance based on observation of longitudinal cracking.

Project ID Section ID Surwyed Cracking Condition
20090, 160 1 to 100 feet per station / less than 1/2-inch in width
9040-09-70
20100, 110, 120, 130, 140, 150, 170,180, 190, 200, 210, 220
87470, 480 & 490
9140-07-70
87500
68660 1 to 100 feet per station / less than 1/2-inch in width
1177-10-70 68670, 680, 690, 700 & 710
68720 1 to 100 feet per station / less than 1/2-inch in width
116410
6590-00-70
116420 1 to 100 feet per station / less than 1/2-inch in width
54010 1 to 100 feet per station / less than 1/2-inch in width
54020 NA
54030, 52250, 52260 101 to 200 f per station / less than 1/2-inch in width
1130-12-71
54040, 52270 101 to 200 ft per station / less than 1/2-inch in width
54050, 52290 1 to 100 feet per station / less than 1/2-inch in width
52280 101 to 200 ft per station / less than 1/2-inch in width
89150 101 to 200 ft per station / less than 1/2-inch in width
3