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EXECUTIVE SUMMARY

The State of Oregon has employed the use of open-graded (porous) surfaces since the 1970s.

The use of these mix types has increased substantially in the 1990s. The open-graded mixes
have been found to possess numerous attributes including: reduced splash and spray, lower noise
levels, and improved durability, to name a few.

As the use of porous mixes evolved, the quality control/quality assurance (QC/QA) procedures
developed for dense-graded mixtures were used by Oregon Department of Transportation
(ODOT) to control the construction of open-graded mixtures. The overall objective of this study
was to develop improved QC/QA specifications for the porous mixes used in Oregon. Specific
objectives included:

1) Evaluate experiences of other agencies in controlling the quality of open-graded mixes.

2) Survey selected projects in Oregon to determine which factors most affect pavement
performance.

3) Develop recommendations for modifications to existing specifications which would
include new weighting factors.

4) Create a plan for implementing the resulting recommendations.

The results of the literature review (and the associated survey) suggest that asphalt content and
aggregate gradation are the most important factors related to the performance of porous
pavement. Raveling tends to be the biggest problem, followed by fat spots. To a large degree,
these are both related to variations in asphalt content. Potential for reduction of distress in
porous mixes may lie in the alteration of asphalt properties through the use of modifiers, and
through close control of the binder and mix temperatures.

Most agencies’ control asphalt content and gradation for porous mixes, although mix
temperature, moisture content, aggregate fracture, and other factors are also monitored. Some
subset of the control factors, typically asphalt content and aggregate gradation, is used to
determine pay adjustment factors to provide incentives to contractors who exceed construction
specifications and disincentives to contractors who fail to meet specifications. Oregon uses these
and moisture content to calculate pay adjustments.

The results of the field survey indicated that of the 19 projects surveyed, four projects were rated
to be in fair condition, 11 projects were rated to be in good condition, three projects were found
to be in very good condition, and one project was rated to be in excellent condition. Thus,
overall performance of the open-graded projects in Oregon was found to be positive. Eight of the
19 projects exhibited measurable rut depths. The highest rut depths were from 9 to 13 mm. The
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remaining projects that exhibited rutting were all under 6 mm. This could be considered normal
rutting in Oregon due to the high use of studded tires. In addition, two projects were noted to
have raveling problems and six projects exhibited fat spots (two were localized). Some pushing
and shoving was also noted on one project.

The results of the laboratory tests on cores taken from six of the 19 projects indicated that all of
the mixes were generally finer than the mix design gradation. The asphalt content for the cores
tested showed two projects had high asphalt content, two projects had low values, and two were
within design specifications. The samples tested in the Environmental Conditioning Systems
(ECS) indicated the water sensitivity of the two known problem mixes and another mix was also
shown to potentially have a water sensitivity problem. In specific, the following emerged from
the results of the laboratory study:

1) Sampling at the cold feed may not be adequate to control the gradation of the open-
graded mixes because the gradation of the cores tend to be on the fine side of the
broadband.

2) Segregation may be an issue with the open-graded mixes leading to isolated fat spots and
raveled areas.

3) Water sensitivity of mixes (treated with lime) did not appear to be a major problem.
However, there may be isolated areas where lime is not present due to poor mixing.
Performing tests to determine whether or not lime is present in mixes would help to
resolve this question.

4) Additional study projects may be required to link the exact causes of the problems
observed to gradation, asphalt and moisture content.

An evaluation of all data resulted in specific suggestions for factors to control (aggregate
gradation, asphalt content, mix moisture, mix temperature) and recommendations for new pay
adjustment schedules. In general, more weight was given to asphalt content and gradation and
less to moisture content. It was also recommended that mix temperature be considered in one of
the pay schedules.

A plan for implementing the study findings was developed and includes field tests of the new
pay factors as well as training of personnel in QC/QA techniques.



1.0 INTRODUCTION

1.1 PROBLEM STATEMENT

The Oregon Department of Transportation (ODOT), as well as other highway agencies, has used
porous asphalt concrete surfaces (E-mixes and F-mixes) since the 1970s. This is in part due to
the success of open-graded emulsion mixes which were first used in Oregon in the late 1960s
(Hicks, et al. 1995). The use of porous mixes has increased substantially in the past five years.
However, to date, no work has been done to evaluate whether the quality control/quality
assurance (QC/QA) procedures used for dense-graded mixes are appropriate for open-graded
mixes. Ifthey are not, then appropriate procedures/measurements for the QC/QA need to be
developed for open-graded mixes.

This study consists of a literature review and survey of selected projects to determine the relative
importance of factors such as asphalt content, gradation, voids, and moisture content on the long-
term performance of the pavement. The information developed in this study will be used to
develop improved guidelines for the use of porous pavements in Oregon as well as suggestions
for changes to ODOT specifications.

1.2 BACKGROUND

ODOT has placed over 950 centerline kilometers of E-mix and F-mix in the past six years (1990-
1995). In general, the field performance has been excellent; however, there have been situations
in which performance has been less than satisfactory. Typical problems include:

e draindown during construction resulting in some problem fat spots in the mixes;
e ecarly rutting; and
e raveling of the asphalt pavement.

Although ODOT presently has pay adjustments for dense-graded mixes based on evaluation of
asphalt content, gradation, compaction, and moisture content, there is no indication whether these
factors are appropriate for open-graded mixes.

1.3 OBJECTIVES

The overall objective of this study was to develop improved QC/QA specifications for the use of
porous pavements in Oregon. Specific objectives include:

1) Evaluate experiences of other agencies in controlling quality of open-graded mixes.

2) Survey selected projects in Oregon to determine what factors most affect pavement
performance.



3) Develop recommendations for modifications to existing specifications which would
include new weighing factors.

4) Create a plan for implementing the resulting recommendations.

Chapter 2 provides the results of the literature review. Chapter 3 describes the findings from the
survey of selected projects. Chapter 4 presents the results of a laboratory evaluation on cores
taken from projects experiencing early distress. Chapter 5 includes an evaluation of the data
collected as well as the recommended modifications to the current specifications for F-mixes.
Chapter 6 presents a plan for implementing the results of the study. Chapter 7 provides the
conclusions and recommendations.



2.0 LITERATURE REVIEW

The purpose of this chapter is to draw from the body of experience and research with porous
pavements in the U.S. and abroad. References reviewed pertain to: factors affecting the
performance of porous mixes; factors designated by agencies for control and acceptance of
porous mixes; and the development of pay adjustment factors for completed projects. Included
also is a discussion of findings from the survey conducted as a part of this study (Appendix A).

2.1 FACTORS AFFECTING PERFORMANCE

Several agencies now have porous pavements that have been in use for five or more years,
providing an opportunity for agencies and researchers to identify the most common problems
encountered with porous pavements and the primary factors that relate to those problems. This
section summarizes agency reports and survey data regarding these factors.

2.1.1 Asphalt Content

The high air void content that is characteristic of porous mixes increases the air and moisture
contact with the surface of the binder film, compared to dense-graded mixes. This can result in
loss of durability or premature aging, whereby the pavement becomes more brittle and raveling
occurs (Booth 1991, Smith 1992). An overview of the experience with porous mixes in Europe
finds that the “main roots of distress are aging of binder, causing raveling,” and loss of adhesion
between binder and aggregate, due to moisture, leading to stripping (van Gorkum 1991). The
U.S. experience parallels that in Europe. Severe raveling was given as a primary factor in the
decision to discontinue use of porous mixes in Louisiana, Maryland, and Arkansas (4drkansas
State Highway 1990, Smith 1992). In the survey conducted for this research, raveling is
consistently given as the most common type of failure. Current research is addressing the use of
asphalt modifiers (e.g., rubber, polymers) to reduce the deterioration related to the high
surface/air contact, while maintaining the high air voids content.

Increasing the asphalt content can result in a mix that is more resistant to aging, but can also lead
to draindown and subsequent fat spots (Rebbechi 1986, Younger, Hicks and Gower 1994).
Furthermore, higher asphalt content can increase the propensity to clog and deform (Colwill et al.
1993). Survey results indicate that raveling and fat spots (due to draindown) are the most
common problems found in porous mixes, leading many responders to simultaneously list “too
little asphalt” and “too much asphalt” as the sources of problems with porous mixes. Table 2.1
provides a summary of these survey responses.

2.1.2 Asphalt Type (Properties)

Many researchers are looking for a solution to this problem by improving the rheological
properties of the asphalt binder. What is needed is a thick binder film to increase durability, one



that has good adhesion to aggregate, and a binder that is less susceptible to oxidation (van
Gorkum 1991, International Road Federation 1992, Page 1993). Improvements in the asphalt
binder have been identified as having the “greatest potential for improvement” (Page 1993). To
that end, asphalt modifiers and tighter controls on mix temperatures have been applied by many
agencies.

Table 2.1: Survey Responses: Asphalt Content Levels and Associated Performance Problems.

Ageney Asphalt Content
Too Much Too Little

Arizona DOT fat spots raveling
CalTrans fat spots and rutting raveling
Florida DOT raveling
Louisiana Transportation Research Center raveling
Maryland State Highway Administration raveling
Nevada DOT fat spots raveling
Texas DOT fat spots raveling
Washington State DOT fat spots
LCPC (France) raveling
Delft University of Technology raveling
(The Netherlands)
Johannesburg Road Directorate fat spots and rutting raveling
(South Africa)
Spain rutting raveling
EMPA (Switzerland) fat spots

Fiber additives can help maintain void content (Huet et al. 1990), reduce drain own (Colwill et
al. 1993), and allow for a higher binder content, with good durability (Decoene 1990). The use
of polymer modifiers reduced clogging, raveling and rutting in South Australia and Spain (Perez-
Jiminez and Gordillo 1990, Booth 1991). Hydrated lime (at 1% by mass of mineral aggregate)
improves durability (Rebbechi 1986) and reduces stripping (van Heystraeten and Moraux 1990).
Table 2.2 summarizes some of the research on asphalt modifiers and fillers, and the associated
findings.

2.1.3 Aggregate Gradation

Experience in Florida with porous mixes has shown that aggregate gradation is a factor that has a
high potential for improvement, second only to asphalt type. Tighter control on 2 mm (#10) and
0.075 mm (#200) sieves was used to address problems with fat spots (Page 1993). In
Connecticut, adjustments were made in the level of fines and coarse aggregate to remedy loss of
permeability (Smith 1992). Florida and the UK also show excess fines contributing to clogging
(Colwill et al. 1993, Page 1993). In Arizona, changes in aggregate gradation, combined with
changes in asphalt content are found to have significant effects on air voids, density, resilient
moduli and permeability (Gemayel and Mamlouk 1993). Clogging has not yet been a significant
problem in Oregon (Younger, Hicks and Gower 1994). According to a survey response, research
is underway in Georgia to evaluate the effects of gradation, polymer-modified asphalt, and
various fibers on porous mix performance. Table 2.3 lists the broadband limits for aggregate
gradation for Oregon and other agencies.



Table 2.2: Results from Using Asphalt Modifiers and Fillers in Porous Pavements.

State/Country | Modifier/Filler Reference Results
anti-strip Smith, 1992 Use of 1_1me as an anti-strip alleviated stripping in the
underlying AC layer.
Georgia : Current research to evaluate the effect of gradation,
other modifiers/ ] .
fillers Survey polymer-modified asphalt and various fibers on
performance.
Severe raveling in 1989-91 halted use of open graded
Maryland polymer additive | Smith, 1992 friction courses for further study. Use of polymer
additive being tested in 1992.
- 9, i
Michigan - Smith, 1992 Use of latex r1.1bber (3% rubber solids of the total‘
placement weight) helped reduce premature raveling.
Blending of the asphalt cement with rubber is reported
rubber, (PBA- . . . . .
Oregon Hunt, 1995 to improve engineering properties of the binder,
6GR) . . . . .
including resistance to oxidation and aging.
Research on rubber-asphalt, conventional mix, and
. rubber; polymer | Anderson, . . .
Washington . polymer mix as yet reveals no apparent increase in
mixes correspondence .
pavement life.
Spreading of 50 g/m* of filler (fines < .08 mm) on the
van Heystraeten, . . on
filler 1990 surface before opening to traffic avoids stripping of
Beloium the aggregate while the pavement is new.
& Tests showed significant reduction in draindown with
cellulose fibers | Decoene, 1990 the use of cellulose fiber (use of asbestos and mineral
fibers is prohibited).
ﬁbe.r e Fiber-based asphalt helped maintain void content and
France modified, and pure | Huet, 1990 . .
had least rutting; pure asphalt had the most rutting.
asphalt tested
The .
Netherlands Ca(OH), Survey Ca(OH), added to fines reduced raveling.
Use of EVA polymer-modified asphalt reduced
South Australia EVA polymer Booth, 1991 raveling, clogging and rutting, but leaves pavement
slick and glossy for longer.
- Polymeric asphalt retained higher adhesiveness after
Perez-Jiminez, . .. . ., .
. . immersion in water; reduced draindown; maintained
Spain polymer additive | 1990 .
void content.
Ruiz, 1990 Hydrocarbonated binder provided thicker binder film.
: : : = :
UK rubber, ri*nneral or Colwill, 1993 All(_)ws higher bmd_er content (around 4.5%) without
organic fiber drainage and clogging.
Victoria, . filler Rebbechi, 1986 pse of hydrated. lllme filler reduces stripping and
Australia improves durability.

2.1.4 Aggregate Properties

Aggregate type is one factor that can minimize raveling, as well as affect skid resistance. In
Florida, 90% of the open-graded friction course pavements use oolitic limestone, although
crushed granite, gravel and slag have also been used. Florida evaluates other sources of
aggregate based on in-place friction testing. Gravel was required to have 85% crushed faces (for
aggregate retained on the No. 4), but the use of gravel has been discontinued due to problems
with raveling (Page 1993).



Table 2.3: Aggregate Gradation Broadband Limits.
U.S. AGENCIES

Percent Passing

Sieve Size Georgia Florida Louisiana California Washington Oregon’
D mix FC-2 A B 1/2" max | 3/8" max Class D E F
1" (25 mm) 99-100 99-100
3/4" (19 mm) 100 100 85-96 99-100 | 85-96
172" (12.5 mm) 100 100 100 | 90-100 | 95-100 100 60-71 95-100 | 60-71
3/8" (9.5 mm) 85-100 | 85-100 [ 90-100| 50-80 | 78-89 90-100
1/4" (6.25 mm) 17-31 52-72 | 17-31

No. 4 (4.75 mm) 20-40 10-40 | 20-50 | 10-30 | 28-37 29-36
No. 8 (2.36 mm) 5-10 4-12 5-15 5-20 7-18 7-18

No. 10 (2 mm) 7-19 5-15 7-19
No. 16 (1.18 mm) — - - - 0-10 0-10
No. 200
(0.075 mm) 2-4 2-5 2-6 2-6 0-3 0-3 1-6 -5 1-6
*Limits used during project study period. Revised limits are available at www.odot.state.or.us
INTERNATIONAL AGENCIES
Percent Passing
Sieve Size Spstn United Kingdom Australia Victoria, Australia
P12 PA12

1.1" (28 mm) 100

3/4" (19 mm) 100 100 95-100 100

1/2" (12.5 mm) 75-100 70-100 55-75 100 100

3/8" (9.5 mm) 60-80 50-80 95

1/4" (6.25 mm) 20-30 29 61

No. 4 (4.75 mm) 32-46 18-30 30

No. 6 (3.35 mm) 7-13

No. 8 (2.36 mm) 10-18 10-22 12

No. 10 (2 mm) 10 10

No. 30 (0.6 mm) 6-12 6-13 8

No. 50 (0.3 mm) 6

No. 100 (0.15 mm) 4

No. 200 (0.075 mm) 3-6 3-6 3.5-5.5 0-4 4

One report on the experience with porous mixes in Spain gives the following aggregate
properties to minimize raveling: abrasion loss value < 20%,; flakiness index < 25; polished stone
value > 0.45 or 0.4, depending on traffic; two or more fractured faces on 100% or 75%,
depending on traffic (Ruiz et al. 1990).

Georgia aggregates have been prone to stripping in the presence of water, and problems with
moisture-induced stripping in the underlying AC layer occurred. These were remedied by adding
lime as an anti-strip agent (Smith 1992).

In general, use of skid-resistant aggregate is suggested as a way to maintain surface friction
(Rebbechi 1986). FHWA Technical Advisory T5040.31 recommends using 100% crushed
aggregate, to enhance structural stability (FHWA 1978).



2.1.5 Aggregate Moisture

Survey responses indicate that aggregate moisture is an important factor influencing pavement

performance. Connecticut cites damp conditions at paving projects as a primary reason for
discontinuing the use of porous mixes. No reports, however, were identified that deal
specifically with aggregate moisture effects on porous pavements.

2.2 FACTORS USED TO CONTROL OPEN-GRADED MIXES

In establishing Quality Control (QC) guidelines, the contracting agency determines the
production factors (control factors) that most influence pavement performance, and the desirable
values (or range of values) for those factors. The contractor has the responsibility to perform

process control tests according to agency guidelines and maintain specified values during

manufacture and placement of the pavement. The agency is responsible for acceptance testing on
a lot-to-lot basis, and the determination of pay adjustments, where applicable. Quality Assurance
(QA) tests are conducted by the agency to verify that control factors are within acceptable ranges.
Good QC/QA procedures must include consideration of the variability associated with sampling

and testing methods, as well as the variability of the material. Failure to do so can result in

inappropriate pay reductions to the contractor (see Amirkhanian et al. 1994). Table 2.4
summarizes QC factors and the factors used to determine pay adjustment in Florida, Nevada, and
Oregon for porous mixes. Table 2.5 gives the corresponding QC tolerances.

Table 2.4: Factors Used for Quality Control and Pay Adjustment.

Florida Nevada Oregon
Pa Pa Pa
Factor QC Factzrs Vactar QC Factzrs Factor Qc Factzrs
Aggregate 1" (25 mm) v v
gradation except v 3/4" (19 mm) v
Nos. 4 & 16.
1/2" (12.5 mm) v 1/2" (12.5 mm) v v
3/8" (9.5 mm) v
1/4" (6.25 mm) v v
No. 4 (4.75 mm) v v No. 4 (4.75 mm) v v
No. 8 (2.36 mm) v v
No. 10 (2 mm) v v
No. 16 (1.18 mm) v v
No. 200 (0.075 mm) v v No. 200 (0.075 mm) | v v
Asphalt content v v Asphalt content v v Asphalt content v v
Binder temp v
Mix temp v Mix temp v
Moisture content v Moisture content v v
Liquid limit plastic
. v
index
Fractured faces v
Absorption v




Table 2.5: Quality Control Tolerances (n = 1).

Factor Florida Nevada Oregon”
(Table 3331-3) (Table 411.6) (SP00745.14)

25 mm (1"
19 mm (3/4™ broadband limits
125mm  (1/2") +7 +7 broadband limits
9.5 mm (3/8") +7 +7
6.25mm  (1/4") +5
475 mm  (No. 4) +7 +7
236 mm  (No. 8)
2 mm (No. 10) +5.5 +2
.18 mm  (No. 16) +4

425mm  (No. 40)
A77mm  (No. 80)

0.075mm (No. 200) +2 2 +2

+0.55% extraction 0 +0.5% nuclear
Asphalt content +0.15% printout 0w nuclear +0.2% meter method
Mix temperature +20°F +20°F
Moisture content maximum 1% maximum 0.7%
Absorption maximum 4%

minimum 90%

Fractured face ..
Y P minimum 2 fracture

AC-30P 290-350°F
Binder temperature at AC-20P
plant AC-30 270-350°F
AC-20
i e maximum 35,
Liquid limit plastic index N.P. (0-3)

"Limits used during project study period. Revised limits are available at www.odot.state.or.us.

2.2.1 Oregon

In Oregon, the contractor performs process control during aggregate production. Verification
testing is performed by ODOT. Ranges are given within which the test results must be. If
results fall outside the acceptable range, the contractor must work with the agency to resolve the
difference or else the material is rejected.

ODOT specifications also provide testing frequency and method guidelines for process control
during asphalt mix production. However, the frequency of testing for agency acceptance is
higher than for process control, and the agency is required to provide a Composite Pay Factor
(CPF) to the contractor for each day’s production on the morning following production. Because
their aim is to maximize the CPF, contractors often make adjustments to production methods
based on the results of acceptance testing by the agency, rather than their own process control
testing. A transition toward total contractor process control is now in progress, and is expected
to be complete by 1998 (Huddleston 1993). At the time of printing, contractors conduct process
and product control testing.



2.2.1.1 Process Control

Table 2.6 shows the tests required of contractors for aggregate process control. Split
samples must be provided to the project manager. The agency engineer may perform any
of the tests. If a sample test fails to meet specifications, a second test is performed from
the contractor’s portion of the split sample. If the second test also fails to meet
specification, the material is considered out-of-specification.

Table 2.6: Required Tests for Process Control During Aggregate Production.

Minimum Frequency Schedule
Test Aggregates
Start of Production | One per 5 shifts” | One per shift’
Fracture of gravel coarse/fine X X

Wood particles coarse X X"
Dust or clay coating coarse X X"
Elongated pieces coarse X X"

Sieve analysis coarse/fine X X

Sand equivalent fine X X

A shift means one per day or 1,000 tons, whichever results in the greatest sampling frequency.
May be waived after first five shifts if allowed by the Materials Unit Engineer.
Perform a minimum of three tests.

L1

E1l]

For process control of asphalt mixture production, the contractor is responsible for testing
asphalt content, aggregate gradation, and lime content. Test frequency for the asphalt
mixture was based on a 450 Mg (500 ton) sublot size for jobs sampled. The current
sublot size is 1000 Mg (1100 tons). The following test methods are prescribed:

Asphalt Content (one of the following):

e the plant’s asphalt metering and weighing system
e extraction of bitumen by centrifuge or vacuum (ODOT TM 309)
e nuclear asphalt content gauge (ODOT TM 319)

Gradation (one of the following):

e cold feed sieve analysis (AASHTO' T 27)
e mechanical analysis of extracted aggregate (ODOT TM 309)

Anti-Strip Additives:

e the plant’s metering and weighing system
e certification for amines

' American Association of State Highway and Transportation Officials



2.2.1.2 Acceptance

Acceptance of aggregate is based on the results of the process control tests listed in Table
2.6, as well as the verification tests. Material that fails to yield a Pay Factor of “1” for
each size of aggregate is considered out-of-specification and is rejected or given reduced
pay. Additional aggregate may be added only after the non-specification aggregate has
been removed in an amount sufficient to provide a Pay Factor of “1”.

Agency acceptance procedures for asphalt mixture during the study period are based on
450 Mg (500 ton) sublots with samples taken from the discharge at the paving plant. The
current agency acceptance testing frequency is one tenth of the QC frequency. The
following tests are used:

Gradation (one of the following):

e cold feed or hot bin samples (AASHTO T11/T27)
e solvent extraction (ODOT TM 309) may be requested by the contractor

Asphalt Content:

e nuclear method (ODOT TM 319)
e meter method (ODOT TM 321/TM 322)

Moisture:

e microwave method (ODOT TM 311)

2.2.1.3 Out-of-Specification Procedures

If the gradation or asphalt content acceptance test results vary by more than 1-1/2 times
the tolerance values from the JMF, a second test is run from the backup sample. The test
result which yields the highest CPF is used. Asphalt mix that yields a CPF of less than
1.0 is considered out-of-specification. A pay adjustment of up to 25% may be applied.
Any material falling below the 0.75 CPF can be removed without payment at the
agency’s discretion.

2.2.2 Florida (FDOT Specifications: Sections 331, 336)

In Florida, the contractor provides personnel, certified by the state, to perform the QC tests. QC
tests are performed for all sieve sizes and for asphalt content. The results of the tests are
maintained on control charts.

The mix is accepted at the plant, with respect to gradation and asphalt content, on a lot to lot
basis. These QA test results serve as the basis for determining pay adjustment factors.
Furthermore, the engineer can also deem a lot unacceptable “for reason of being excessively
segregated, aggregates improperly coated, or excessively high or low mix temperature.”

10



2.2.2.1 Test Methods

Asphalt content can be measured by extraction analysis, or by printout for automatic
batch plants. For the automatic printout, the tolerance range is only +0.15%, compared to
+0.55% for extraction testing (sample size n = 1). Extraction analysis is required for
aggregate gradation acceptance.

2.2.2.2 Lot Sizes, Test Frequency

A lot is defined as 3630 Mg (4000 tons) at the plant, divided into four equal sublots of
910 Mg (1000 tons). A minimum of one extraction gradation analysis must be conducted
for each day’s production, or following any change in the production process.

2.2.2.3 Out-of-Specification Procedures

The mix is out of specification if the asphalt content is outside of the target content by
0.55% (extraction test), or if the aggregate gradation falls outside of the given limits. If
this happens on two consecutive tests, the process is stopped until the problem is
corrected. A lot is considered out of control if any individual test falls within the 80%
pay factor values for sample size n = 1.

2.2.3 Nevada (NDOT Specifications: Section 411)

In Nevada, the contractor performs the QC and QA tests. The QA tests are used to determine
pay adjustments. Verification tests are performed by the contracting agency. Ranges are given
within which the QC/QA test results must be in agreement with verification test results. If
results fall outside of the acceptable range on two or more tests, referee tests may be conducted.

2.2.3.1 Test Methods

Solvent extraction is usually required for QC tests of aggregate gradation, although cold
feed or hot bin samples can be used under certain conditions. A nuclear asphalt content
gauge is used to determine asphalt content.

2.2.3.2 Lot Sizes, Test Frequency

A production lot is made up of four sublots. A sublot is either 230, 450, or 680 Mg (250,
500 or 750 tons), as determined by the contractor prior to the beginning of production.
Each sublot is tested for gradation and asphalt content, with tests on other QC parameters
conducted for every lot. Temperatures of the mix and the binder are continuously
monitored.

2.2.3.3 Out-of-Specification Procedures

If QC tests reveal deviations from operational ranges (for gradation, moisture, asphalt
temperature, or mix temperature) once, the contractor should evaluate the process. If it

11



happens twice, consecutively, corrective action should be taken. After three consecutive
tests outside of the acceptable range, the production process is stopped.

2.3 PAY ADJUSTMENT FACTORS

The use of pay adjustment factors for asphalt pavement is an integral part of the implementation
of End Result Specifications (ERS). Method specifications require 100% compliance with
specification targets and provide little or no guidance for work that is below target, but still of
some value.

The ERS should take account of variability due to testing and sampling methods, as well as
variability in materials. Incentives and disincentives in payment to contractors are provided
relative to the degree of compliance with specifications. This section reviews current literature
on the development of pay adjustment schedules, and the factors used by various agencies to
determine pay adjustment factors for porous pavements.

2.3.1 Background

The State of Oregon began using statistical specifications for asphalt pavements with provisions
for incentives and disincentives in 1985. A questionnaire distributed to ODOT project managers,
region materials inspectors and region assurance specialists revealed that 76% were of the
opinion that the bonus pay system improves cooperation with the contractors, and that 57%
considered the bonus pay system effective. Though porous pavements are given some mention,
the questionnaire and related report deal primarily with dense-graded mixes (Scholl 1991).

By the end of 1994, ODOT bonuses for F-mix (porous pavement) totaled $973,002, while
penalties were $203,447, for net bonus payments of $769,555. This amount corresponds to an
average Composite Pay Factor per ton of 1.0122. Figure 2.1 tracks the history of bonus and
penalty payments since 1985 both in total dollars and dollars per ton by region.

2.3.2 Development of Pay Factor Schedules

The National Cooperative Highway Research Program (NCHRP) Synthesis 212 describes two
general types of pay adjustment systems: judgment plans and rational plans (Chamberlain
1995). The intention of judgment plans is to “force contractual compliance by exacting a
monetary penalty,” while the rational approach seeks to link final compensation to the quality of
the final product. Using a rational pay adjustment schedule, penalties charged to contractors
should reflect anticipated costs associated with reduced performance life (Weed 1984).

%403 OR 0745 (Standard or Heavy Duty) Statistical Asphalt Concrete Mixture Summary for “F” mixtures,
Revised 03-28-95
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Likewise, bonuses should reflect enhanced value of the pavement (Chamberlin 1995). In brief,
an agency determines an acceptable quality level (AQL) at which full pay is warranted, and a
rejectable quality level (RQL) at which the pavement can be rejected. Final products with higher
quality than the AQL receive a bonus. In theory, Oregon's 5% AQL should lead to an expected
pay factor of 1.00 for work with 5% defects. However, due to rounding and sample size
determination, the expected pay factor for 5% AQL work is greater than 1.00 (Scholl 1991).

Oregon uses a schedule of pay factors, based on the schedule developed for the Federal Highway
Administration (FHWA) in 1985 (ODOT 1991). For each sublot of material, values are taken for
each of the pay factor constituents. Then, for the entire lot, a pay factor is determined based on
the standard deviations of each constituent. The schedule takes into account the wider
confidence intervals associated with small sample sizes.

Other states, including New Jersey, use a pay factor equation. An example of a simple linear
model might be:

Pay Factor = 105 - Percent Defective

This would provide a 5% bonus for material with no measurable defects and no bonus or penalty
for material with 5% defective material. Percent defective values above 5 cost contractors a

unitary penalty in pay.

Nevada bases pay adjustment on absolute deviation from target values (Nevada DOT 1995). For
each constituent, a pay factor value is provided for a given range of difference from target values.

2.3.3 Factors Used to Determine Pay Adjustment

Of interest for this research is the absence of literature addressing pay factors for porous
pavements. Estimates of enhanced or diminished performance are derived using pavement
factors deemed most influential, with respect to their values relative to specification targets and
tolerances. With dense-graded mixes, the most important factor influencing performance is
compaction, with lower air void content associated with improved pavement performance
(Puangchit et al. 1982). As a result, Oregon uses a 0.40 weight allocated to compaction in the
determination of composite pay factors for asphalt concrete pavement — the highest weight for
any individual factor. Current practice with porous pavements is to set the factor value equal to
one, thereby “eliminating” the effect of the compaction term. The concern has been raised that
this makes it too easy to get a high pay factor when gradation or asphalt content is outside
specification (Scholl 1991).

Asphalt content and aggregate gradation are the factors most commonly used by state highway
agencies to determine pay adjustment for porous mixes. Nevada uses “ride quality” in addition
to factors related to pavement failure. Before halting use of porous pavements, Louisiana had a
10% penalty for failure to use an anti-strip agent. Table 2.7 summarizes the factors used by
agencies to determine pay factors for porous mixes.
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Table 2.7: Factors Used to Determine Pay Adjustments for Porous Mixes (Survey).

Agency Aggregate Gradation Asphalt Content Moisture
California v

Florida v v

Georgia v v
Maryland v

Nevada v v

Oregon v v v

Washington v

Oregon. Oregon uses individual factors for aggregate gradation, asphalt content, moisture, and
compaction, combined with factor weights, to get the composite pay factor (CPF). Constituent
factors are weighted as follows (see Section 00745.95 of the ODOT Specifications):

Constituent Weight
25 mm am 1
19 mm (3/4™ 1
12.5 mm 172m 1
6.25 mm (174" 5
2 mm (No. 10) 5
0.425 mm (No. 40) 3
0.075 mm (No. 200) 10
Asphalt content 26
Moisture content 8
Compaction 40

For porous pavement, compaction and No. 40 aggregate have pay factors of one.

Washington. Like Oregon, Washington uses a system of weighted factors (but for aggregate
gradation only) to determine a CPF for porous mixes. The weights are as follows:

Percent Passing Factor Weight
25 mm am 10
19 mm (3/4") 10
12.5 mm (172") 20
6.25 mm (1/4™) 25
2 mm (No. 10) 15
0.075 mm (No. 200) 20

These are the current weights which have changed since publication of the 1994 specification
and are documented in a supplement.

Florida. Florida calculates pay adjustment based on asphalt content (both extraction and
printout) and gradation (No. 4, No. 10, and No. 200). When two or more gradation factors fall
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below 1.00, in one lot of material, the greatest reduction in payment is used (Table 331-6,
footnote). A lot is considered out of control if any individual test falls at or below the 80% pay
factor values for sample size n = 1. The agency has the option of requiring removal and
replacement at no cost for such work.

Nevada. In determining pay adjustment factors, Nevada has provisions for using a ride quality
factor in addition to characteristics of the pavement mix. Individual pay factors from 0.70 to
1.05 are determined for gradation (No. 4 and No. 16) and asphalt content. If each of the factors
is 1.0 or more, the highest factor is used. Otherwise, the lowest factor is used. If a lot falls
below the 70% pay factor limit, the contractor is responsible for removal and replacement of the
material.

2.3.4 Evaluation of Risk and OC Curves

Central to the implementation of QC/QA procedures is the sharing of responsibility between the
agency and the contractor. Risks involved in statistical acceptance and pay adjustment methods
are the owner’s risk of accepting poor quality work, and the contractor’s risk of rejecting good
quality work. A recent study by Amirkhanian et al. (1994) found that most state agencies fail to
accurately account for testing and sampling variability, thereby shifting a disproportionate share
of risk to the contractor, resulting in a tendency toward underpayment. Oregon’s pay factor
tables were developed with the intention to maintain contractors’ risk at 5%, while the risk to the
state is in the range of 1% to 48%, depending on the sample size (Scholl 1991).

Operating characteristic (OC) curves can be used to evaluate the risks to both owner and
contractor, and the ability of a pay adjustment schedule to maintain them at acceptable levels. A
conventional OC curve (Figure 2.2) plots the probability of acceptance on the vertical axis,
against the quality level of the material. For use in evaluating pay factors, the vertical axis
represents pay factor levels (Figure 2.3). The AQL level should exactly correspond to a pay
factor of 1.00, and the lowest pay factor is represented at the horizontal axis. OC curves have
been called the “only way” to know in advance whether the payment plan will work as intended
(Weed 1993, Chamberlin 1995). They can be constructed using special software, or with
computer simulation. Oregon’s current pay adjustment system is analyzed using the OC curves
in Chapter 5 of this report.
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24 SUMMARY

The survey responses, as well as recent literature, suggest that asphalt content and aggregate
gradation are the most important factors related to the performance of porous pavement.
Raveling tends to be the biggest problem, followed by fat spots. To a large degree, these are
both related to asphalt content. Potential for improvements may lie in the alteration of asphalt
properties through the use of modifiers, and by close controls of binder and mix temperatures.

Most agencies’ quality control methods for porous mixes emphasize asphalt content and
gradation, although mix temperature, moisture content, aggregate fracture, and other factors are
also monitored. Some subset of the control factors, typically asphalt content and aggregate
gradation, is used to determine pay adjustment factors, providing incentives to contractors who
exceed construction specifications, and disincentives to contractors who fail to meet specifica-
tions. Oregon uses these and moisture content to calculate pay adjustments.

Oregon’s pay adjustment determination is based on a weighted average of individual pay factors
for various factors. Developed for dense graded mixes, compaction carries a weight of 0.40, the
highest given to any individual factor. Since compaction was considered not a suitable measure
for porous mixes, a compaction pay factor of “1” is used. In developing pay adjustment
schedules, the use of operating characteristics (OC) curves is critical to evaluating the
distribution of risks to both the contractor and the contracting agency.
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3.0 FIELD SURVEYS

This chapter describes the results of field surveys conducted in June 1994 and July 1995 on
open-graded projects which either had no problems or had experienced some problem shortly
after construction. Historical information on the projects was provided by ODOT. Both surveys
were conducted by co-authors Gower and Hicks.

3.1 PROJECTS EVALUATED

The state project managers/district maintenance engineers were asked to suggest projects with
good performance records and those with poor performance records to be included in the survey.
The projects included in the surveys are given in Table 3.1.

Table 3.1: F-mix Projects Evaluated.

: Year Mile Post

Hwy. No. Project Name Constracied e — Treatment Type
001 Hayesville-Battle Creek 1990 250.0 259.0 grind/2" overlay
001 W. Marquam-N. Tigard 1990 194.2 299.5 grind/2" overlay
144 Sunset Hwy.-Pacific Hwy. 1994 0.000 7.5 grind/2" overlay
047 Wolf Cr.-W. Fork Dairy Cr. 1993 374 46.3 2" overlay
002 Corbett Intch.-Multnomah 1991 22.1 31.0 2" F/0-6" B
026 Mt. Hood-Long Prairie 1995 88.0 91.0 2" F-mix overlay
002 Rufus-Arlington (W. Unit) 1993 109.0 125.8 2"F2"B
002 Rufus-Arlington (E. Unit) 1991 125.8 138.3 2"F2"B
002 Umatilla-McNary 1993 182.6 185.7 2"F2"B
006 E. Pendleton-Emigrant Hill 1992 213.0 218.0 grind/4" F-mix
006 Baldock Slough-S. Baker 1991 297.1 306.5 grind/2" F/2" B
041 Prine. Airport-Powell Butte 1995 6.8 16.4 2"F/2-4"B
004 Willowdale-Qualle Rd. 1995 75.0 81.0 2"F/3"B
004 Murphy Rd.-Lava Butte 1989 146.6 150.8 2"F/2"B
004 Forge Rd.-Lobert Rd. 1990 241.0 251.6 2"F/2" B
004 Williamson Riv.-Modoc Pt. 1991 253.9 256.1 2"F/2"B
001 Jumpoff Joe-N. Grants Pass 1991 67.1 582 grind/4" F
001 Azalea-Jumpoff Joe 1994 88 (south) 67.1 grind/2" F

90 (north)
001 Halsey Intch.-Lane Co. Line 1994 203.55 216.14 2"F/2-9"B
Note: 1"=25mm

3.2 HISTORICAL INFORMATION

Prior to conducting the survey, mix design and QC/QA data were obtained for each of the
projects. Table 3.2 summarizes the mix design information provided by ODOT for each project
and Table 3.3 provides the aggregate gradations for each of these projects.
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Table 3.2: Mix Design Data.

Asphalt Mix Placement
Hwy. Project Name C %2“_.” d Asphalt Type Content Additive Temp.* | Temp.* Contractor
No. omplete (%) ©F) CF)
001 | Hayesville-Battle Creek 1990 Chevron, AC-30 5.5 Aggregate treated with lime | 249-254 232-240 | J.C. Compton
001 | W.Marquam-N. Tigard 1990 US Oil, AC-30 52 Aggregate treated with lime | 252-259 236-244 | Babler Bros.
144 | Sunset Hwy.-Pacific Hwy. 1994 EOTT, PBA-6 5.6 Aggregate treated with lime | 256-263 240-248 | N.B. Hatch
047 | Wolf Cr.-W. Fork Dairy Cr. 1993 McCall, PBA-5 6.0 None 247-255 231-240 | Wildish Std. Paving Co.
002 | Corbett Intch.-Multnomah 1991 Chevron, PBA-5 5.5 Aggregate treated with lime | 250-258 234-242 | Wildish Std. Paving Co.
026 |Mt. Hood-Long Prairie 1995 Albina, PBA-6 6.0 Apggregate treated with lime | 271-279 254-262 | McCafferty-Whittle |
002 | Rufus-Arlington (W. Unit) 1993 Chevron, PBA-6 5.8 1% lime treatment 273-279 261-267 |J.C. Compton
002 | Rufus-Arlington (E. Unit) 1991 Albina, PBA-5 5.3 1.0% Unichem 8161 and 250-257 234-242 | Babler Bros.
aggregate treated with
lime
002 | Umatilla-McNary 1993 Koch, PBA-6 6.2 1% lime treatment 276-285 256-266 | J.C. Compton
006 | E. Pendleton-Emigrant Hill 1992 Kiewit
Lot 1 Columbia, PBA-3 6.3 Aggregate treated with lime | 244-254 228-238
Lot2 Columbia, PBA-3 6.0 Aggregate treated with lime | 261-270 243-252
Lot3 Albina, PBA-6 6.0 Aggregate treated with lime | 270-280 252-261
006 | Baldock Slough-S. Baker 1991 McCall, AC-20(R) 55 Aggregate treated with lime | 278-287 257-267 | Babler Bros.
041 |Prine. Airport-Powell Butte 1995 Albina, PBA-6 5.2 None 268-275 252-259 R.L. Houck
004 | Willowdale-Qualle Rd. 1995 Albina, PBA-6 5.5 None 266-275 250-257 [J.C. Compton
004 |Murphy Rd.-Lava Butte 1989 R.L. Coats
Lot3 EIf Asphalt (p), AC-20 5.5 Aggregate treated with lime | 260-268 243-252
Lot4 Chevron, AC-20 5.2 Aggregate treated with lime | 250-257 238-243
Lot 5 Asphalt Supply & 5.5 Aggregate treated with lime | 263-272 243-258
Serv. AC-20R
Lot 6 Chevron, CA (p)-1 5.5 Aggregate treated with lime | 258-267 242-250
004 | Forge Rd.-Lobert Rd. 1990 McCall, AC-20R 6.0 .5% PaveBond Special and 268-278 250-259 | J.C. Compton
aggregate treated with Contractor, Inc.
lime
004 | Williamson Riv.-Modoc Pt. 1991 Witco, AC-20R 52 Aggregate treated with lime | 252-260 235-244 | Klamath Pacific Corp.
001 | Jumpoff Joe-N. Grants Pass 1991 Chevron, PBA-5 5.0 .5% PaveBond Special and 253-262 237-245 | Hamilton
hydrated lime
001 | Azalea-Jumpoff Joe 1994 Chevron, PBA-6 5.6 Aggregate treated with lime | 268-275 252-260 | Kiewit
001 |[Halsey Intch-Lane Co. Line 1994 Wildish Std. Paving Co.
Lot3 (SB) McCall, PBA-6 6.0 Aggregate treated with lime | 266-272 252-259
Lot4 (NB) Chevron, PBA-6 5.8 Aggregate treated with lime | 264-271 249-257

*Recommended placement temperatures from the mix design, based on asphalt viscosity.
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Table 3.3: Aggregate Gradation of the Mix Design,

Sieve Size
Hwy. Project Name Year —55m [ 19mm | 125mm [ 625mm| 2mm | 0.075
No. Completed | vy | @y | (2% | a4 | #10) | mm
(#200)
001 | Hayesville-Battle Creek 1990 100 93 67 24 13 4.6
001 | W. Marquam - N. Tigard 1990 100 94 65 24 14 3.8
144 | Sunset Hwy.-Pacific Hwy. 1994 100 90 63 23 11 3.0
047 | Wolf Cr.-W. Fork Dairy Cr. 1993 100 90 65 24 12 3.0
002 | Corbett Intch. - Multnomah 1991 100 95 67 26 11 2.8
026 | Mt. Hood-Long Prairie 1995 100 93 64 24 9 3.0
002 |Rufus-Arlington (W. Unit) 1991 100 95 65 25 12 3.0
002 | Rufus-Arlington (E. Unit) 1993 100 93 65 25 11 3.0
002 [ Umatilla-McNary 1993 100 92 64 24 14 3.0
006 [E. Pendleton-Emigrant Hill 1992 100 95 65 26 12 3.2
006 | Baldock Slough - S. Baker 1991 100 93 64 26 11 2.6
041 | Prine. Airport-Powell Butte 1995 100 93 63 23 10 29
004 | Willowdale-Qualle Rd. 1995 100 95 63 23 9 3.1
004 | Murphy Rd.-Lava Butte 1989 100 98 75 25 9 3.6
004 |Forge Rd.-Lobert Rd. 1990 100 93 66 25 14 3.6
004 | Williamson Riv.-Modoc Pt, 1991 100 92 66 25 12 4.0
001 | Jumpoff Joe-N. Grants Pass 1991 100 94 66 24 12 3.9
001 [ Azalea-Jumpoff Joe 1994 100 93 65 23 12 3.0
001 | Halsey Intch-Lane Co. Line 1994 100 93 66 24 12 4.0

As indicated, most projects used a PBA-6 asphalt and the design asphalt content varied from 5.0
to 6.3%. Mixing and placing temperatures reported in Table 3.2 were established using the
procedures described in Appendix B. Differences in the mixing and compaction temperatures
between Table 3.2 and the appendix are due to differences in techniques used to plot the
temperature-viscosity curves.

Table 3.4 summarizes the QC data taken during the project. For all projects, information was
collected to determine:

e aggregate gradation,
e asphalt content, and
e mix moisture content.

The methods used to measure moisture content of bituminous mixtures from 1986 to the present
are given in Table 3.5. As noted, several changes have occurred; however, the purpose of each
change was solely to reduce the drying time of the test.

The results from the QC data indicate that:

e Mix temperatures and laydown temperatures were determined from the mix design based
on the asphalt viscosity. For example, the specified ranges for mix temperature varied
from 111-116°C (231-240°F) to 137-142°C (278-287°F), while laydown temperature
ranges varied from 111-116°C (232-240°F) to 138-142°C (280-288°F).
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Table 3.4. QC Data for Projects Surveyed

H Year Sieve Syze Asphalt Moisture

24”%. Project Name Completed Value 25mm | 19mm |125mm |[625mm | 2mm |.075mm | Content % | Content %

(1" @Ay | army | s (#10) | (#200)

001 |Hayesville-Battle Creek 1990 |[USL 100 96 71 29 17 6 5.9 0.5
Lot 1 LSL 99 85 60 19 9 2 5.1 0
34,115 metric tons Target 100 93 67 24 13 4.6 5.5
CPF =0.989 Mean 99.94 94.43 64.72 24.96 12.57 428 5.50 0.35

St. Dev. 0.29 2.68 7.26 3.65 1.53 0.54 0.27 0.04

001 |W.Marquam-N. Tigard 1990 |USL 100 96 71 29 18 5.8 5.6 0.7
Lot | LSL 99 85 60 19 10 1.8 438 0
29,945 metric tons Target 100 94 65 24 14 3.8 52
CPF=1.014 Mean 99.90 92.08 65.14 2343 12.30 4.49 5.26 0.43

St. Dev. 0.35 227 3.83 2.68 1.95 0.83 0.22 0.11

144 [ Sunset Hwy.-Pacific Hwy. 1994 USL 100 96 71 28 15 5 54 0.7
Lot 1 LSL 99 85 60 18 7 1 5 0
2,177 metric tons Target 100 90 63 23 11 3 5.6
CPF =1.018 Mean 9967 | 8733 64 18.67 733 23 5.28 0.6

St. Dev. 0.58 3.51 436 2.08 0.58 0.46 0.04 0.09

144 | Sunset Hwy.-Pacific Hwy. 1994 USL 100 96 71 28 15 5 5.7 0.7
Lot 2 LSL 99 85 60 18 7 1 53 0
4,058 metric tons Target 100 90 63 23 11 3 5.6
CPF = 1.024 Mean 99.5 89.33 68.17 23.33 933 3.15 5.49 0.60

St. Dev. 0.548 1.86 426 3.03 1.75 0.50 0.02 0.05

144 | Sunset Hwy.-Pacific Hwy. 1994 USL 100 96 71 28 15 5 54 0.7
Lot 3 LSL 99 85 60 18 7 1 5 0
28,673 metric tons Target 100 90 63 23 11 3.0 5.6
CPF =1.022 Mean 99.93 92.14 69.66 22.76 8.79 2.93 520 0.57

St. Dev. 0.26 2.56 3.67 1.90 0.86 0.40 0.08 0.10

047 |[Wolf Cr.-W. Fork Dairy Cr. 1993 [USL 100 96 71 30 17 5 6.5 0.8
Lot 1 LSL 99 85 60 18 7 ] 55 0
25,742 metric tons Target 100 90 65 24 12 3.0 6.0
CPF =0.989 Mean 9998 | 90.86 | 6632 | 2495 12.89 2.73 6.00 0.66

St. Dev. 0.13 1.78 3.24 2.74 1.77 0.37 0.39 0.17

002 [Corbett Intch-Multnomah 1991 USL 100 9 71 31 15 48 5.9 0.7
Lot 1 LSL 99 85 60 21 7 0.8 5.1 0
34,022 metric tons Target 100 95 67 26 11 2.8 55
CPF=1.0 Mean 100.00 | 9503 | 67.72 | 24.03 9.03 231 5.42 0.89

St. Dev. 0.00 1.47 3.14 2.14 1.23 0.46 0.24 0.12
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Table 3.4: QC Data for Projects Surveyed. (continued)

v Sieve Size Asphalt | Moisture
:z% Project Name noawmﬁ_ Value ™35 mm [ 19mm | 125mm| 625mm | 2mm | .075 mm Qﬁna Content
) @iy | arm (1/4") (#10) (#200) o Yo
026 |Mt. Hood-Long Prairie 1995 USL 100 96 71 30 14 5 6.2 0.8
Lot4 LSL 99 85 60 18 4 1 5.8 0
11,225 metric tons Target 100 93 64 24 9 3 6
CPF =0.9369 Mean 100 92.55 62.27 28 11.45 2.55 5.97 1.17
St. Dev. 0.00 1.81 2.1 338 1.37 0.88 0.10 0.28
002 |Rufus-Arlington (W. Unit) 1993 USL 100 9 71 30 15 5 6 0.7
Lot 1 LSL 99 85 60 20 7 1 56 0
68,241 metric tons Target 100 93 65 25 11 3.0 5.8
CPF = 1.026 Mean 99.97 91.67 64.83 24.53 10.59 221 5.78 0.52
St. Dev. 0.18 1.87 3.55 2.39 1.50 0.45 0.05 0.11
002  |Rufus-Arlington (E. Unit) 1991 USL 0 96 71 30 16 5 5.7 0.6
Lot 1 LSL 99 85 60 20 3 1 49 0
39,845 metric tons Target 100 95 65 25 12 3.0 5.3
CPF =1.000 Mean 100.00 | 94.69 66.99 25.87 12.64 3.04 0.39
St. Dev. 0.00 220 439 3.19 224 0.55 0.19
002 |Umatilla-McNary 1993 USL 100 9 71 30 19 5 6.7 0.8
Lot 1 LSL 99 85 60 18 9 1 5.7 0
9,176 metric tons Target 100 92 64 24 14 3.0 6.2
CPF = 1.025 Mean 100.00 | 92.95 63.11 26.68 14.05 241 6.29 0.35
St. Dev. 0.00 1.51 2.60 1.73 0.85 0.35 0.23 0.09
006 |E. Pendleton-Emigrant Hill 1992 USL 100 96 71 31 16 52 6.8 0.8
Lot 1 LSL 99 85 60 21 ) 1.2 5.8 0
10,345 metric tons Target 100 94 65 25 12 3.1 6
CPF =1.024 Mean 100 95.57 69.65 2822 13.17 2.71 6.30 0.32
St. Dev. 0.00 1.08 2.48 1.86 0.94 0.56 0.18 0.10
006 |E. Pendleton-Emigrant Hill 1992 USL 100 96 71 30 16 5.1 6.6 0.8
Lot 2A LSL 99 85 60 20 8 1 5.6 0
5,128 metric tons Target 100 94 65 25 12 3.1 6
CPF = 1.001 Mean 100 96.5 67.33 28.17 12.33 2.34 6.46 0.39
St. Dev. 0.00 1 3.82 1.95 0.65 0.27 0.23 0.10
006 |E. Pendleton-Emigrant Hill 1992 USL 100 9 71 30 16 5.1 6.6 0.8
Lot 2B LSL 99 85 60 20 8 1.1 5.6 0
18,696 metric tons Target 100 95 65 26 12 32 5.6
CPF = 1.015 Mean 99.98 95.28 64.28 2733 11.35 2.69 6.46 0.22
St. Dev. 0.16 1.36 4.12 1.93 1.33 60 0.24 0.07
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Table 3.4: QC Data for Projects Surveyed. (continued)

- Sieve Size Asphalt | Moisture
ﬂu« Project Name Qawﬂﬁ_ Value  I"3Smm [ 19mm [125mm| 625mm | 2mm | 075mm | Content | Content
am G4 | anrm (1/4") (#10) (#200) Yo Yo
006 |E. Pendleton-Emigrant Hill 1992 USL 100 96 71 30 16 5.1 6.8 0.8
Lot 3 LSL 99 85 60 20 8 1.1 5.8 0.8
1,886 metric tons Target 100 94 65 25 12 3.1 6
CPF =1.028 Mean 100 95 65 28 11 245 6.4 022
St. Dev. 0.00 1.41 4.08 0.82 0 0.48 0.22 0.07
006 |Baldock Slough-S. Baker 1991 USL 100 96 71 31 15 46 5.9 0.5
Lot 1 LSL 99 85 60 21 7 0.6 5.1 0
41,356 metric tons Target 100 93 64 26 11 2.6 55
CPF=1.014 Mean 99.98 92.76 66.86 2921 1222 275 5.45 0.26
St. Dev. 0.15 227 3.07 2.01 0.93 0.19 0.20 0.05
006 | Baldock Slough-S. Baker 1991 USL 100 96 71 31 15 46 5.9 0.5
Lot 2 LSL 99 85 60 21 7 0.6 5.1 0
1,940 metric tons Target 100 3 64 26 11 2.6 5.5
CPF = 1.027 Mean 100 89.4 63.4 28.2 12.4 2.98 5.46 0.22
St. Dev. 0.00 2.97 4.62 1.79 I.14 0.16 0.11 0.01
041 | Prineville Airport-Powell 1995 USL 1E+09 9% 71 28 14 49 5.4 0.8
Butte LSL 99 85 55 18 6 ] 5 0
Lot 1 Target 100 93 63 23 10 29 5.2
18,089 metric tons Mean 100.00 | 92.60 63.55 23.05 10.50 2.17 5.20 0.76
CPF=1.010 St. Dev. 0.00 1.23 2.50 0.76 0.83 0.27 0.03 0.13
004 |Willowdale-Qualle Rd. 1995 USL 100 96 71 28 13 5.1 55 0.8
Lot 1 LSL 99 85 55 17 5 1.1 5.1 0
12,559 metric tons Target 100 95 63 23 9 3.1 55
CPF =0.943 Mean 100.00 | 93.93 64.50 25.71 10.21 3.54 5.22 0.86
St. Dev. 0.00 1.07 3.50 1.64 0.89 0.38 0.04 0.08
004 |Murphy Rd.-Lava Butte 1989 USL 100 100 30 30 14 5.6 6 0.6
Lot 3 LSL 99 95 66 18 6 1.6 5 0
5,717 metric tons Target 100 98 75 25 10 3.6 5.5
CPF =1.020 Mean 100 97.82 77.45 24.18 9 3.86 553 0.43
St. Dev. 0.00 1.72 411 1.54 1.61 1.24 0.30 0.13
004 |Murphy Rd.-Lava Butte 1989 USL 100 100 80 30 13 56 5.7 0.6
Lot 4 LSL 99 95 66 18 5 1.6 47 0
6,602 metric tons Target 100 98 75 25 9 3.6 52
CPF = 0.994 Mean 100.00 | 97.83 74.58 22.42 8.08 3.24 5.36 0.46
St. Dev. 0.00 1.03 3.06 3.06 1.24 0.62 0.43 0.12
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Table 3.4: QC Data for Projects Surveyed. (continued)

- Sieve Size Asphalt | Moisture
ﬁ% Project Name ncawﬂaa Value  55mm [ 19mm |125mm| 625mm | 2Zmm | .075 mm QH«E no“waa
a" G4y | arm (1/4") (#10) (#200) ° °
004 |Murphy Rd.-Lava Butte 1989 USL 100 100 80 30 14 55 6 0.6
Lot 5 LSL 99 95 66 18 6 1.5 5 0
5,076 metric tons Target 100 98 75 25 10 35 5.5
CPF=1.014 Mean 99.91 97.91 75.09 21.73 8.18 3.21 531 0.39
St. Dev. 0.30 1.22 2.43 1.90 0.60 0.49 0.32 0.11
004 [Murphy Rd -Lava Butte 1989 USL 100 100 80 30 14 55 6 0.6
Lot 6 LSL 99 95 66 18 6 1.5 5 0
1,491 metric tons Target 100 98 75 25 10 35 55
CPF = 1.025 Mean 100 97 74 21 8.33 34 5.47 0.45
St. Dev. 0.00 2 721 i 0.58 0.27 0.40 0.11
004 |Forge Rd.-Lobert Rd. 1990 USL 100 96 71 30 18 56 6.5 0.6
Lot 1 LSL 99 85 60 20 10 1.6 55 0
21,412 metric tons Target 100 93 66 25 14 3.6 6.0
CPF = 1.001 Mean 99.94 92.29 61.53 26.94 13.18 291 5.86 0.16
St. Dev. 0.24 3.26 4.46 2.16 1.51 0.60 0.26 0.05
004 |Williamson Riv.-Modoc Pt. 1991 USL 100 96 71 30 16 6 5.7 0.8
Lot 1 LSL 99 85 60 20 3 2 47 0
4,965 metric tons Target 100 92 66 25 12 4.0 52
CPF =1.023 Mean 100.00 | 93.91 68.91 26.00 11.36 2.60 5.11 0.36
St. Dev. 0.00 1.14 5.17 0.63 0.67 0.53 0.12 0.05
011 [Jumpoff Joe-N. Grants Pass 1991 USL 100 96 71 29 16 5.9 54 0.8
Lot 1 LSL 99 85 60 19 8 1.9 46 0
14,874 metric tons Target 100 94 66 24 12 3.9 5.0
CPF = 1.000 Mean 100.00 | 93.12 65.41 24,77 11.47 3.35 4.95 0.25
St. Dev. 0.00 1.69 361 3.20 1.68 0.52 0.16 0.05
011 | Jumpoff Joe-N. Grants Pass 1991 USL 100 96 71 29 16 59 5.4 0.8
Lot2 LSL 99 85 60 19 8 1.9 46 0
46,808 metric tons Target 100 94 66 24 12 3.9 5
CPF = 1.021 Mean 100 93.12 65.41 24.77 11.47 335 4.95 0.25
St. Dev. 0.00 1.69 3.61 3.20 1.68 0.52 0.16 0.05
001 [Azalea-Jumpoff Joe 1994 USL 100 96 71 25 15 ] 52 0.7
Lot 1 LSL 99 85 60 17 7 1 43 0
6,141 metric tons Target 100 94 66 21 11 3 5
CPF =0.9413 Mean 100 93.43 61.29 26.14 11.57 2.23 487 021
St. Dev. 0.00 1.72 1.80 1.68 0.53 0.23 0.15 0.04
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Table 3.4: QC Data for Projects Surveyed. (continued)

v Sieve Size Asphalt | Moisture
JMW Project Name OoEHM»o d Value 35 mm 19mm | 125 mm | 6.25 mm hvi 075 mm | Content now:::
T an (3/4" 12" (1/4") (#10) (#200) % Yo
001 | Azalea-Jumpoff Joe 1994 USL 100 96 71 28 16 5 5.8 0.7
Lot2 LSL 99 85 60 18 8 1 5.4 0
72,291 metric tons Target 100 93 65 23 12 3.0 5.6
CPF =1.0191 Mean 100 94.10 62.58 25.41 11.68 2.26 5.56 0.29
St. Dev. 0.00 1.18 3.23 2.59 1.57 0.44 0.09 0.06
001 |Halsey Intch-Lane Co. Line 1994 |[USL 100 9 71 29 16 6 6.4 0.7
Lot 3 LSL 99 85 60 19 8 2 5.6 0
23,154 metric tons Target 100 93 66 24 12 4 6
CPF =1.0074 Mean 100 91.08 64.75 25.46 11.63 4.10 — 0.4
St. Dev. 0.00 221 428 33 1.86 0.72 — 0.13
001 |Halsey Intch-Lane Co. Line 1994 USL 100 96 71 29 16 6 6.2 0.7
Lot 4 LSL 99 85 60 19 8 2 5.4 0
34,524 metric tons Target 100 93 66 24 12 4 5.8
CPF = 1.0087 Mean 100 90.92 64.21 24.01 10.37 3.56 — 0.55
St. Dev. 0.00 2.19 3.14 2.99 1.33 0.56 — 0.12
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Table 3.5: Moisture Content Measurements — ODOT.

e ODOT has changed its method of measuring the moisture content of bituminous mixtures three times since
1986. Prior to 1986 it is believed that AASHTO T-255 test method was used. T-255 dries the samples in a
conventional oven at 230°F until a constant weight is reached. A total of 15-20 hours was often needed to
obtain a constant weight.

e In 1986 ODOT released its first lab manual. The manual listed two methods for determining the moisture
content of bituminous mixtures. The first method, OSHD Test Method 311(0)-86 is just AASHTO T-255
with an ODOT test number. The second method, OSHD Test Method 311(M)-86, used a microwave oven
to heat the bituminous mixture to drive out the moisture. Although the microwave method was included in
the lab manual, the conventional oven method was used the majority of the time.

e In 1991 OSHD TM311(M)-91 was adapted into the field test manual. This procedure increased the
temperature in the microwave from 205°F to 350°F, With the new microwave method, field personnel
could get the moisture content in one or two hours, rather than the 15 to 20 hours needed for the
conventional oven. The oven drying method was used as a check the first time a mix was tested using the
microwave drying method.

e A revision of the field operating procedures for AASHTO T-255 was issued in 1993. This revision mainly
consolidated the two protocols into one test protocol without any change to the procedures.

o The last change in AASHTO T-255 occurred in 1996. It added a 90-minute drying time in a forced air oven.
Not only did this shorten the drying time of the sample but, unlike the microwave method, the technician is
not required to monitor the drying of the sample. Although this procedure was not added to the procedure
until 1996, it was actually implemented in spring 1994.

o The target aggregate gradation values and specification limits of the mix designs varied
in the following manner:

Target Value Specification Range

Highest | Lowest Highest Lowest
1" (25 mm) 100 100 99-100 99-100
%" (19 mm) 98 90 95-100 86-96
%" (12.5 mm) 75 63 66-80 55-71
Y4" (6.25 mm) 26 23 21-31 17-28
#10 (2 mm) 14 9 10-18 5-13
#200 (0.075 mm) 4.6 2.6 2-6 .6-4.6

e In every case, the sample means of the QC data fell within the specification limits, except
moisture content. However, this information can be misleading since many of the
individual values were outside specification as discussed later in the report.

3.3 SURVEY PROCEDURES

The surveys were conducted on June 27-28, 1994, and July 24-25, 1995. All projects were
evaluated for the following:

1) Overall condition. The type and extent of distress (if any) were noted. Photos were also
taken of the pavements during the survey.
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2) Rut depth. This was measured for each project using the standard 1.8 m (5 ft) rut bar
furnished by ODOT.

The survey was also used to identify the projects which needed to be cored. Tests on the cores
will be used to identify the cause of the observed distress (see Chapter 4 for tests performed and
test results).

3.4 SURVEY RESULTS

Hayesville-Battle Creek. This project, constructed in 1990, consists of 50 mm (2 inches) of F-
mix over an unstable C-mix. The condition after five years was rated as good. Rut depths up to
13 mm (1/2 inch) were recorded. Most of the rutting was attributed to the unstable C mix or to
studded tires (Figure 3.1).

W. Marquam-N. Tigard. This project, constructed in 1990, is a 50 mm (2 inch) overlay over an
existing unstable dense-graded mix that had been profiled. The condition after five years was
rated as good (Figure 3.2).

Sunset Highway-Pacific Highway. This project, constructed in 1994, was a 50 mm (2 inch)
overlay over an existing dense-graded mix that had been profiled. The 1995 survey indicated the
pavement was in good condition, with no measurable rutting. There were some fat spots (Figure
3.3) and the pavement surface looked in need of a fog seal.

Wolf Creek-W. Fork Dairy Creek. This project, constructed in 1993, had fat spots immediately
after construction. The worst areas were replaced, but fat spots still persist and the extent is
growing (Figure 3.4). Rut depths of up to 9 mm (3/8 inch) were measured.

Corbett Interchange-Multnomah. This project, constructed in 1991, was in good condition
(Figure 3.5) with no measurable rutting. This was despite high mix moisture content measured
during construction (Table 3.4).

Mt. Hood-Long Prairie. This project, constructed in 1995, was in excellent condition (Figure
3.6). There were no obvious problems, despite reports of high mix moisture (Table 3.4).

Rufus-Arlington (West Unit). This project, constructed in 1992, was in good condition with no
rutting (Figure 3.7).

Rufus-Arlington (East Unit). This project, constructed in 1991, was also in good condition. Rut
depths of 6 mm (1/4 inch) were measured in the truck lane. Also, there were some stains coming
from the longitudinal joint in places along the project (Figure 3.8). High mix moisture was
reported early on the project.

Umatilla-McNary. This project, constructed in 1993, consisted of 50 mm (2 inches) of F-mix
over 50 mm (2 inches) of B-mix. Immediately after construction, it was reported to have fat
spots with some rutting. Most of the fat spots are at the intersection of US 395. The remainder
of the project is in good condition, with some fat spots showing (Figure 3.9). The rut depth was
measured to be 3 to 6 mm (1/8 to 1/4 inch).
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a) Overview

b) Closeup

Haysville-Battle Creek, MP 258

igure 3.1:

F
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b) Closeup

Figure 3.2: W. Marquam-N. Tigard, MP 199.5
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b) Closeup

Figure 3.3: Sunset Highway-Pacific Highway, 99W Interchange
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b) Closeup

Figure 3.4: Wolf Creek-W. Fork Dairy, MP 38
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b) Closeup

Figure 3.5: Corbett Interchange-Multnomah, MP 25
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a) Overview

b) Closeup

Long Prairie at Miller Road

Figure 3.6: Mt. Hood-
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a) Overview

b) Closeup

Figure 3.7: Rufus-Arlington (West Unit), MP 120.5
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b) Staining at Joint, MP 134.5

Figure 3.8: Rufus-Arlington (East Unit)
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b) Closeup of Fat Spots

Figure 3.9: Umatilla-McNary, MP 185
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East Pendleton-Emigrant Hill. This project, constructed in 1992, was in very good condition
(Figure 3.10). It consists of 100 mm (4 inches) of F-mix over an existing dense-graded mix that
had been profiled. The measured rut depths were less than 6 mm (1/4 inch).

Baldock Slough-S. Baker. This project, constructed in 1991, was one of two which reportedly
had moisture sensitivity problems. Localized fat spots/raveling were noted near MP 299. The
measured rut depth was less than 6 mm (1/4 inch).

Prineville Airport-Powell Butte. This project, constructed in 1995, consists of 50 mm (2 inches)
of F-mix over 100 mm (4 inches) of B-mix. It was in very good condition, with no measurable
rutting or fat spots (Figure 3.12).

Willowdale-Qualle Rd. This project, constructed in 1995, consists of 50 mm (2 inches) of F-mix
over 75 mm (3 inches) of B-mix. This project was in good condition. It was reported to have
high mix moisture during construction (Table 3.4).

Murphy Rd.-Lava Butte. This project, constructed in 1989, was in good condition. There was
some snow plow damage and rut depths were measured to be less than 6 mm (1/4 inch) (Figure
3.13). This was a test section with several different binder types.

Forge Rd.-Lobert Road. This project constructed in 1990, is experiencing spots of raveling. The
raveling occurred in fat spots (Figure 3.14).

Williamson River-Modoc Pt. This project, constructed in 1991, was in good condition with
some fat spots (Figure 3.15). The fat spots reportedly occurred during construction.

Jumpoff Joe-N. Grants Pass. This project, constructed in 1991, was in good condition with less
than a 3 mm (1/8 inch) rut depth (Figure 3.16). It was raining during the survey, so the splash
and spray benefits could be noted (Figure 3.17).

Azalea-Jumpoff Joe. This project, constructed in 1994, was in very good condition (Figure
3.18). Shortly after this field survey was conducted, this project exhibited low skid numbers
(two years after construction). Sections on the curves were milled to correct the problem.

Halsey Interchange-Lane County Line. This project, constructed in 1994, consists of 50 mm (2
inches) of F-mix over 50-225 mm (2-9 inches) of B-mix. There are fat spots, and some pushing
and shoving has occurred (Figure 3.19).
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a) Overview

b) Closeup

Figure 3.10: E. Pendleton-Emigrant Hill, MP 214.5
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b) Localized Raveling

Figure 3.11: Baldock Slough-S. Baker, MP 299
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a) Overview

b) Closeup

Figure 3.12: Prineville Airport-Powell Butte Rd., MP 12.5
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a) Overview

b) Closeup

Figure 3.13: Murphy Rd.-Lava Butte, MP 148.5
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b) Overview, 1996

Figure 3.14: Forge Rd.-Lobert Rd., MP 245
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b) Closeup

Figure 3.15: Williamson River-Modoc Point, MP 256
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b) Closeup

Figure 3.16: Jumpoff Joe-N. Grants Pass, MP 61
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a) Overview

b) Closeup

Figure 3.17: Porous Mixes in Rainy Conditions
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b) Closeup

Figure 3.18: Azalea-Jumpoff Joe, MP 79
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b) Closeup

Figure 3.19: Halsey Interchange-Lane County Line, MP 202
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3.5

SUMMARY

Table 3.6 summarizes project performance for the projects surveyed. Of the 19 projects
surveyed, 4 projects were rated to be in fair condition, 11 projects were rated to be in good
condition, 3 projects were found to be in very good condition, and 1 project was rated to be in
excellent condition. Thus, overall performance of F-mix projects in Oregon was found to be
positive.

Eight of the 19 projects exhibited measurable rut depths. The highest rut depths were found on
the Hayesville-Battle Creek project at up to 13 mm, followed by the Wolf Creek-W. Fork Dairy
Creek project at up to 9 mm. The remaining projects that exhibited rutting were all under 6 mm.
This could be considered normal rutting in Oregon due to the high use of studded tires. In
addition, two projects were noted to have raveling problems and six projects exhibited fat spots
(two were localized). Some pushing and shoving was also noted on the Halsey Interchange-Lane
County Line project.

Given these performance issues, a test plan was recommended by OSU to include the core
requirements presented in Table 3.7. This test plan was approved by the project’s Technical
Advisory Committee on October 10, 1995, and is documented more thoroughly in the next
chapter.

Table 3.6. Project Performance (1995).

I-II\Iv:)y Project Name Con:'t':-aurcte d Condition Rut Depth Comments

001 [ Hayesville-Battle Creek 1990 good Up to 13 mm

001 | W.Marquam-N. Tigard 1990 good —

144 | Sunset Hwy.-Pacific Hwy. 1994 Good - fat spots, needed fog seal

047 | Wolf Cr.-W. Fork Dairy Cr. 1993 fair Upto9mm | fat spots due to too much
asphalt and high
moisture content

002 | Corbett Intch.-Multnomah 1991 good — despite high moisture

026 |Mt. Hood-Long Prairie 1995 excellent — despite high moisture

002 | Rufus-Arlington (W. Unit) 1993 good —

002 | Rufus-Arlington (E. Unit) 1991 good <6 mm stains

002 | Umatilla-McNary 1993 good 3-6 mm localized fat spots

006 | E. Pendleton-Emigrant Hill 1992 very good <6 mm

006 | Baldock Slough-S. Baker 1991 fair to good <6 mm localized fat spots/raveling

041 | Prine. Airport-Powell Butte 1995 very good —

004 | Willowdale-Qualle Rd. 1995 good —

004 | Murphy Rd.-Lava Butte 1989 good <6 mm some snow plow damage;
test section — several
binder types

004 | Forge Rd.-Lobert Rd. 1990 fair to good raveling

004 | Williamson Riv.-Modoc Pt. 1991 good — some fat spots

001 | Jumpoff Joe-N. Grants Pass 1991 good <3 mm

001 | Azalea-Jumpoff Joe 1994 very good S sections milled on curves

001 [ Halsey Intch.-Lane Co. Line 1994 fair — fat spots, pushing and

shoving

49



Table 3.7. Core Requirements for Test Plan.

Project

Sampling Areas

Wolf Creek-W. Fork Dairy Cr.

in and out of fat spots

Rufus-Arlington (East Unit)

at longitudinal joint to determine cause of stains (stains
could be from CIR)

Baldock Slough-S. Baker

in and out of raveled areas

Forge Road-Lobert Road

in and out of raveled areas

Azalea-Jumpoff Joe

splash and spray benefits were noted only in parts of the
project

Halsey Interchange-Lane County Line

in and out of fat spots (pushing and shoving)
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4.0 LABORATORY EVALUATIONS

The field survey results indicated that the problems in F-mixes include: 1) fat spots, 2) raveling,
and 3) rutting. This chapter presents the test program work to evaluate the causes of pavement
distress. The location of the cores from the six projects evaluated is given in Table 4.1.

Table 4.1: Projects Sampled

Project Contractor Sampling areas Post Location Location*
Wolf Creek - Wildish in and out of fat spots | east bound Rt. Ln., Rt. of SS
W. Fork Dairy M.P. 37.6 3.0 m (OWT)
Creek** 3.25m (OWT)
surface fat spots east bound Rt. Ln., Rt. of S§S
M.P. 38.38 2.2m (BWT)
2.6 m (OWT)
2.8 m (OWT)
west bound Rt. Ln., Rt. of SS
M.P. 42.02 2.0m (BWT)
2.1 m (BWT)
32 m (OWT)
34 m (OWT)
west bound Rt. Ln., Rt. of SS
M.P.45.2 1.6 m (BWT)
1.7m (BWT)
2.5m (OWT)
2.7m (OWT)
Rufus - Arlington** Babler Bros. at longitudinal point to | east bound Rt. Ln., Rt. of S8
(east unit) determine cause of M.P. 126.5 3.2m (OWT)
stress 3.0m (OWT)
east bound Left Ln., Left of SS
M.P. 133 1.7 m (BWT)
1.9m (BWT)
Rt. Ln., Rt. of SS
2.5m (OWT)
2.7 m (OWT)
east bound Left Ln., Left of SS
M.P. 135.15 3.1 m (OWT)
3.2m (OWT)
Rt. Ln., Rt. of SS
2.8 m (OWT)
3.1 m (OWT)

*Between wheel track (BWT) is for 1.5 to 2.3 m from skip strip (SS) line. Outer wheel track (OWT) is for
distances greater than 2.4 m from SS line.
**BWT and OWT determinations for Wolf Creek and Rufus Arlington are estimated from information
provided.
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Table 4.1: Projects Sampled (continued)

Project

Contractor

Sampling areas

Post Location

Location*

Baldock Slough -
S. Baker

Babler Bros.

in and out of raveled
areas

east bound
M.P.299.38

Outside Ln., Rt. of SS
2.9 m (BWT)
2.9 m (BWT)
3.3 m (OWT)

east bound
M.P. 299.22

Outside Ln., Rt. of SS
3.1 m (OWT)
3.0 m (OWT)
3.0 m (OWT)
3.1 m (OWT)
1.7 m (BWT)
1.9 m (BWT)
2.0 m (BWT)

Forge Rd. - Lobert Rd.

J.C. Compton

in and out of raveled
areas

north bound
M.P. 246.18

Rt. Ln., Rt. of SS
2.5m (OWT)
2.8 m (OWT)
2.7m (OWT)
2.7m (OWT)
2.0 m (OWT)
2.0 m (OWT)
1.8 m (BWT)
1.8 m (BWT)

south bound
M.P. 244.14

Rt. Ln., Rt. of CL
5.9 m (OWT)
5.9 m (OWT)
5.9 m (OWT)
5.9 m (OWT)

Azalea - Jumpoff Joe
(south end)

Kiewit

splash and spray
benefits?

south bound
M.P. 78.05

Rt Ln,, Rt. of SS
2.7 m (OWT)
2.8 m (OWT)
2.8 m (OWT)
2.9 m (OWT)
1.8 m (BWT)
1.8 m (BWT)
1.8 m (BWT)
1.8 m (BWT)

Halsey Interchg. -
Lane Co. Line

Wildish

in and out of shoving
arcas

south bound
M.P.212.98

Rt. Ln., Rt. of SS
2.9 m (OWT)
2.9 m (OWT)
2.0m (BWT)
2.0 m (BWT)

*Between wheel track (BWT) is for 1.5 to 2.3 m from skip strip (SS) line. Outer wheel track (OWT) is for

distances greater than 2.4 m from SS line.

**BWT and OWT determinations for Wolf Creek and Rufus Arlington are estimated from information

provided.
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4.1 TEST PROGRAM

The test program is displayed in Figure 4.1. Depending on the type of distress, the testing plan
varied as shown in Table 4.2. Oregon DOT obtained the cores in November/ March 1995. The
testing took place during the spring of 1996.

Samples by
OoDOT
100 mm Cores 150 mm Cores
to OSU to ODOT

Voids Voids
Voids filled Voids filled
Permeability Asphalt content
ECS Gradation
Draindown Lime content

Figure 4.1: Laboratory Test Program

Table 4.2: Test Program

Type of Distress Samples* Type of Test

Fat Spots/Shoving 2-150 mm diameter/site (ODOT) Asphalt content
Gradation
Voids

Voids filled

2—-100 mm diameter/site (OSU) ECS

Raveling 2-150 mm diameter/site Asphalt content
Gradation
Voids

Voids filled
Lime content

2—-100 mm diameter/site ECS
Boiling water

Splash and Spray 4-150 mm diameter cores Asphalt content
Gradation
Voids

Voids filled

4-100 mm diameter cores Voids
Permeability

*2 to 3 sites/project

53



4.1.1 ODOT Tests (150 mm cores)

The Operations Support Section of ODOT was responsible for performing the tests on the 150
mm (6-inch) diameter cores. The initial testing was done to investigate the volumetric properties
of each core; it was followed by an extraction procedure to examine the compliance to the mix
design. The following protocols were used:

1) Volumetric. The volumetric test accomplished by ODOT consisted of the maximum
specific gravity by AASHTO T-209; the saturated surface dry bulk specific gravity by
AASHTO T-166; the geometric bulk specific gravity by ODOT TM 307-95; and air void
calculation by AASHTO test method T-269. Using the data from the job mix formula
sheets and the extraction reports, OSU calculated the percentage of voids in the mineral
aggregate (VMA) and the percentage of voids filled with asphalt (VFA).

2) Bituminous Extraction. The bituminous extraction method used followed the ODOT test
method TM 309-95 to separate the binder and aggregate. The asphalt content was
determined according to the procedures in ODOT TM 309-95. The aggregate gradation
was measured using sieve analysis according to AASHTO test methods T-11 and T-27.

4.1.2 OSU Tests (100 mm cores)

The 100 mm diameter cores from each project were delivered to Oregon State University for
testing. Initial testing was performed to evaluate the volumetric properties of the cores. Final
testing was done on two samples from each project in the Environmental Conditioning System
(ECS) to examine any moisture sensitivity in the mix. The protocols used included the
following:

1) Volumetric. The volumetric testing accomplished at OSU consisted of the parafilm bulk
specific gravity test method from Chevron Research Company (Del Valle, 1985). The air
void content calculation was performed according to ASTM test method D3203. The
average maximum specific gravity was obtained from the extraction data from ODOT.
At each core location, an average maximum specific gravity was calculated and used in
the air void calculation for the 100 mm cores from the same milepost. Calculation of the
VMA and VFA for the OSU cores used aggregate properties from the job mix formula
sheet.

2) Environmental Conditioning System. One sample from each project was cycled through
the ECS according to SHRP M-006. A slight modification was made to the procedure in
that the samples did not receive any repeated loading. Previous studies (Kliewer et al,
1995) have shown that the open-graded mixes deform excessively under loading. The
ECS testing procedure tracks the change in the modulus of the sample as it is cycled
through the testing. If the modulus ratio of the sample falls below 75%, the sample is
considered susceptible to moisture damage. The sample is split in half at the end of the
ECS testing and a visual strip rating is assigned to the core.
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4.2 TEST RESULTS

This section presents the results of the six projects used in the laboratory investigation of the
porous pavements. The asphalt contents for the projects are summarized in Table 4.3. Results
for each project are described, including results from both ODOT and OSU laboratory testing.
For each project, the ODOT volumetric test results are reported followed by the bituminous
extraction results. The OSU lab results include the volumetric data followed by the permeability,
and then conclude with the ECS test results. The detailed results are presented in Appendix C.

When comparing the volumetrics of the cores tested in the ODOT lab with the volumetrics from
the OSU lab, there are differences in the resulting values. These differences can be explained by
the methods used to measure the volumetrics of the cores. The ODOT lab used a geometric
method, while OSU used a parafilm method. Although both ODOT and OSU volumetric results
are reported, all references to volumetrics in later chapters are based upon OSU results
only.

It should be pointed out that the number of samples taken (and tested) varied from project to
project. This was due primarily to differences in the performance found along any given project.

Table 4.3: Summary of Asphalt Contents for All Projects Sampled

Project Tao;get l]i?r‘:]‘:: II‘J[:::: Avi;age Meod ian Min‘Lm um Max;/mu m S]\::; /
® | | e ) | (%) (%) ) |
Wolf Cr.-W, 6.0 6.5 5.5 6.9 6.1 5.1 13.1 5/12
Fork Dairy Cr. (5 over) | (2 under)
Rufus-Arlington 53 5.7 49 5.5 5.8 43 6.3 2/9
(6 over) | (I under)
Baldock Slough- 5.5 5.9 5.1 5.6 5.7 54 5.8 3/3
S. Baker
Forge Rd.-Lobert 6.0 6.5 55 5.0 4.9 4.7 5.8 1/6
Rd. (5 under)
Azalea-Jumpoff 5.6 5.8 54 5.1 5.0 4.6 53 0/8
Joe* (8 under)
Halsey Intch.- 5.8 6.2 54 5.7 5.7 5.0 6.1 10/11
Lane Co. Line (! under)

*Some areas on this project were replaced, other areas received a fog seal.

4.2.1 Wolf Creek-W. Fork Dairy Creek
4.2.1.1 ODOT Tests

Extraction results showed the individual gradation of the 12 samples all exceeded the
upper broadband limit significantly at a minimum of one gradation control point (Figure
4.2). The average gradation (Figure 4.3) for the 12 samples tested exceeds the upper
control limit at 12.5 mm sieve by 6.7%. It is also 3.7% above on the 6.25 mm (1/4 inch)
control point, 0.8% above on the 2 mm (No. 10) control point, and 0.3% above on the
0.075 (No. 200) control point.
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100.0 Upper Limit
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—m ODOT1
70.0 |—a—0DOT2
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50.0 — > —ODOT 4
ODOT 5
40.0 |___E,__,ODOT6
30.0 | —o—0DOT 7
200 | —»0DOT8
| _ % _0ODOT9
10.0 |
— - -0DOT 10
0.0 — o - ODOT 11
0.08 mm 2.00 mMm 6.30 mm 12.50 mm 19,00 mm
0.43 mm 4.75 mm 9.50 mm 2500 mm| — o — ODOT 12
Seive sizes raised to 0.45 power -
Figure 4.2: Extracted Gradation for Wolf Creek - W. Fork Dairy Creek
100.0
90.0
80.0
70.0 Upper Limit
- = =Lower Limit
60.0 o Target |
50.0 - — Average |
40.0
30.0
20.0
10.0
0.0
0.08 mm 2.00 mm 6.30 mm 12.50 mm 25.00 mm
0.43 mm 4.75 mm 0 mm 19.00 mm

Seive sizes raised to 0.45 power

Figure 4.3: Average Extraction Gradation for Wolf Creek - W. Fork Dairy Creek
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Asphalt content of the nine samples varied from 5.4 to 13.1% with an average of 6.9%.
The average asphalt content exceeded the upper design limit by 0.4%. Only five of the
tested samples met the design specification limits, while five exceeded the upper limit
and two fell under the lower limit (Table 4.3). The void content for the cores tested by
ODOT ranged from 5.3 to 14.6% with an average of 9.9% (Table 4.4).

Table 4.4. Summary Volumetrics for Wolf Creek-W. Fork Dairy Creek (ODOT)

Geometric Bulk Maximum Percent Air Voids
Specific Gravity Specific Gravity
Minimum 2.119 2.408 5.3
Maximum 2.309 2.482 14.6
Average 2.201 2.445 9.9
Standard deviation 0.07 0.02 3.2
Coefficient of variation (%) 3.0 0.9 31.7

4.2.1.2 OSU Tests
The void content for the cores tested by OSU ranged from 5.0 to 14.6% with an average

0f 9.6% (Table 4.5). The sample tested in the ECS remained at approximately 80% after
the first cycle and had no significant stripping (Figure 4.4).

Table 4.5: Summary Volumetric Data for Wolf Creek-W. Fork Dairy Creek (OSU)

Parafilm Bulk . .
Specific Gravity Percent Air Voids
Minimum 2.089 5.0
Maximum 2.308 14.6
Average 2.209 9.6
Standard deviation 0.07 3.0
Coefficient of variation (%) 3.0 31.0
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Wolf Cr. - W. Fork Dairy Cr.
Additives: None
Asphalt: McCall PBA-5 (6.0%)

Specimen | ECS Air | Cond. | ECS ECS |ECS | ECS | Visual
ID System | Voids | Cycle | Stress | Strain | MR | MR | Stripping
(%) {psi) | (micro) | (ksi) | Ratio (%)
0 17.5 | 100.9 | 174 | 1.00
1 13.8 | 100.9 | 137 | 0.79
BO5 C 52 2 15.8 | 102.8 | 154 | 0.89 0-5
3 14.0 | 101.2 | 138 | 0.80
4 13.9 | 100.6 | 138 | 0.79
1.50
1.25
5]
© I
011'00
»
=
30.75
o
=
3050 | S
L
-m— BO5
0.25 . — -
60° 60° 60° -18°
0.00
0 2 3
Cycle

ECS Modulus Test Results

Figure 4.4: ECS Results for Wolf Cr. - W. Fork Dairy Cr.
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4.2.2 Rufus-Arlington
4.2.2.1 ODOT Tests

Extraction results showed the individual gradation of the nine samples all exceeded the
upper broadband limit significantly at a minimum of one gradation control point (Figure
4.5). The average gradation (Figure 4.6) for the nine samples tested first exceeds the
upper control point at 12.5 mm sieve by 4.0%. As the average gradation continues
through the control points, it is 9.1% above the 6.25 mm (1/4 inch) control point; 4.7%
above the 2 mm (No. 10) control point; and ends almost 1% above at the 0.075 mm (No.
200) control point.

Asphalt content of the nine samples varied from 4.3 to 6.3% with an average of 5.5%.
Although the average asphalt content was within design specifications, only two of the
nine samples tested met the design limits of 4.9 to 5.7%. Six of the samples were above
the upper asphalt limit and one sample was below the lower limit resulting in a median of
5.8% (Table 4.3). The void content for the cores tested by ODOT ranged from 6.0 to
18.2% with an average of 12.2% (Table 4.6).
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Figure 4.5: Extracted Gradation from Rufus-Arlington
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Figure 4.6: Average Extracted Gradation for Rufus-Arlington
Table 4.6: Summary Volumetrics for Rufus-Arlington (ODOT)
Geometric Bulk Maximum Specific . .
Specific Gravity Gravity Percent Air Voids
Minimum 2.138 2.536 6.0
Maximum 2411 2.627 18.2
Average 2.259 2.574 12.2
Standard deviation 0.1 0.03 4.1
Coefficient of variation (%) 44 1l 33.3

4.2.2.2 OSU Tests

The void content for the cores tested by OSU range from 3.6 to 16.9% with an average of
9.9% (Table 4.7). The sample tested in the ECS lowest modulus ratio was 86% and had
no significant stripping (Figure 4.7).

Table 4.7: Summary Volumetric Data for Rufus-Arlington (OSU)

Parafilm Bulk . .
Specific Gravity Percent Air Voids
Minimum 2.154 3.6
Maximum 2.466 16.9
Average 2.307 9.9
Standard deviation 0.1 4.3
Coefficient of variation (%) 4.5 43.8
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Rufus - Arlington
Additives: Lime
Asphalt: Albina PBA-5 (5.3%)

Specimen | ECS Air | Cond. | ECS ECS |ECS | ECS | Visual
ID System | Voids | Cycle | Stress | Strain | MR | MR | Stripping
(%) (psi) | (micro) | (ksi) | Ratio (%)
0 21.5 99.8 | 216 | 1.00
1 226 | 1000 | 226 | 1.05
A07 C 12.2 2 216 | 100.3 | 216 | 1.00 0-5
3 20.7 | 100.0 | 207 | 0.96
4 19.2 99.6 | 193 | 0.89
1.50
1.25

-t
o
o

ECS Modulus Ratio
5

0.50
-m— AQ7
o2 | -
60° 60° 60° -18°
0.00
0 1 2 3 4
Cycle

ECS Modulus Test Results
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4.2.3 Baldock Slough-S. Baker
4.2.3.1 ODOT Tests

Extraction results showed the individual gradation of the three samples all exceeded the
upper broadband limit significantly at a minimum of one gradation control point (Figure
4.8). The average gradation for the three samples tested first exceeds the upper control
point at 12.5 mm sieve by 5.3%. As the average gradation continues through the control
points it is 7.7% above the 6.25 mm (1/4 inch) control point, 2.2% above the 2 mm (No.
10) control point, and ends slightly lower than the 0.075 mm (No. 200) upper control
point (Figure 4.9).

Asphalt content of the three samples varied from 5.4 to 5.8% with an average of 5.6%.
All of the samples were within the design target range of 5.1 to 5.9% (Table 4.3). The
void content for the cores tested by ODOT ranged from 7.4 to 11.0% with an average of

9.0% (Table 4.8).
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.g £0.0 ‘ — o Target
@ —— ODOT1
% 50.0 —a—0DOT2
8 400 —%—0DOT3 |
& 30.0
20.0
10.0
0.0
0.08 mg.43 - 200mm - 6.30 L5 nnr1nz.50 ™6 00 mr2o 00
Sieve sizes raised to 0.45 power
Figure 4.8: Extraction Results for Baldock Slough-S. Baker Interchange
4.2.3.2 OSU Tests

The void content for the cores tested by OSU ranged from 7.0 to 14.1% with an average
of 10.8% (Table 4.9). The sample tested in the ECS lowest modulus value was 86% of
its initial value after the fourth cycle and had 20-30% visual stripping (Figure 4.10).
Although the sample did not have a significant reduction in modulus value, the visual
stripping indicates the mix is sensitive to moisture.
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Figure 4.9: Average Extraction Results for Baldock Slough-S. Baker Interchange

Table 4.8: Volumetrics for Baldock Slough-S. Baker Interchange (ODOT)

SSD Bulk Maximum Percent Air Voids
Specific Gravity Specific Gravity
Minimum 2.170 2.431 7.4
Maximum 2.250 4.440 11.0
Average 2217 2.436 9.0
Standard deviation 0.04 0.01 1.8
Coefficient of variation (%) 1.9 0.2 20.4
Table 4.9: Volumetric Data for Baldock Slough-S. Baker Interchange (OSU)
Parafilm Bulk . .
Specific Gravity Percent Air Voids
Minimum 2.094 7.0
Maximum 2.262 14.1
Average 2.171 10.8
Standard deviation 0.04 1.9
Coefficient of variation (%) 2.0 17.1
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Baldock Slough - S. Baker Interch.

Additives: Lime

Asphalt: Albina AC-20 (R) (5.5%)

Specimen | ECS Air | Cond. | ECS ECS |ECS | ECS | Visual
ID System | Voids | Cycle | Stress | Strain | MR | MR | Stripping
(%) (psi) | (micro) | (ksi) | Ratio (%)
0 33.3 98.5 | 338 | 1.00
1 29.4 1006 | 292 | 0.87
F12 C 10.3 2 31.4 101.3 | 309 | 0.92 | 20-30%
3 316 100.3 | 315 | 0.93
4 294 101.5 | 290 | 0.86
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Figure 4.10: ECS Results for Baldock Slough - S. Baker Interchange
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4.2.4 Forge Rd.-Lobert Rd.
4.2.4.1 ODOT Tests

Extraction results showed the individual gradation of the six samples all exceeded the
upper broadband limit significantly at a minimum of one gradation control point (Figure
4.11). The average gradation for the six samples closely follows the upper limit of the
mix design. Only at the 6.25 mm (1/4 inch) and 2 mm (No. 10) control points is the
upper limit exceeded by 2.3% and 0.5%, respectively (Figure 4.12).

Asphalt content of the eight samples varied from 4.7 to 5.8% with an average of 5.0%.
The average asphalt content fell below the lower design limit by 0.5%. Only one of the
samples was within the design asphalt range while the remaining five fell below the
minimum design asphalt (Table 4.3). The void content for the cores tested by ODOT
ranged from 10.4 to 17.3% with an average of 14.1% (Table 4.10).

4.2.4.2 OSU Tests

The void content for the cores tested by OSU ranged from 10.3 to 15.5% with an average
of 13.0% (Table 4.11). The sample tested in the ECS dropped to 70% of its original
modulus after the second cycle and had 10-20% visual stripping on aggregate faces
(Figure 4.13). This project should expect to exhibit stripping.
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Figure 4.11: Extraction Results for Forge Rd.- Lobert Rd.
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Figure 4.12: Average Extraction for Forge Rd.-Lobert Rd.
Table 4.10: Summary Volumetrics for Forge Rd.-Lobert Rd. (ODOT)
Geometric Bulk Maximum . ;
Specific Gravity Specific Gravity Percent AirVioids
Minimum 2.079 2471 10.4
Maximum 2215 2.525 17.3
Average 2.156 2511 14.1
Standard deviation 0.05 0.02 24
Coefficient of variation (%) 23 0.8 16.9
Table 4.11: Summary Volumetric Data for Forge Rd.-Lobert Rd. (OSU)
Parafilm Bulk : .
Specific Gravity Percent Air Voids
Minimum 2.130 10.3
Maximum 2.237 15:5
Average 2.183 13.0
Standard deviation 0.03 1.5
Coefficient of variation (%) 1.5 11.9
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Forge Rd. - Lobert Rd.
Additives: Lime (1.0%)
Asphalt: McCall AC-20 (R) (6.0%)

Specimen | ECS Air [ Cond. | ECS ECS |ECS | ECS | Visual
ID System | Voids | Cycle | Stress | Strain | MR | MR | Stripping
(%) (psi) | (micro) | (ksi) | Ratio (%)
0 30.0 | 1011 | 297 | 1.00
1 244 | 101.9 | 240 | 0.81
D10 C 14.1 2 21.0 | 1011 | 208 | 0.70 | 10-20
3 19.1 100.8 | 189 | 0.64
4 18.9 | 100.3 | 188 | 0.63
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Figure 4.13: ECS Results for Forge Rd. - Lobert Rd.
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4.2.5

Percent Passing

Azalea-Jumpoff Joe

4.2.5.1 ODOT Tests

Extraction results showed the individual gradation of the eight samples all exceeded the
upper broadband limit significantly at a minimum of two gradation control points (Figure
4.14). The average gradation for the eight samples tested first exceeds the upper control
point at 6.25 mm (1/4 inch) sieve by 3.6%. It is 3.6% above on the 2 mm (No. 10) upper
limit, and is at the upper limit of the 0.075 mm (No. 200) control point (Figure 4.15).

Asphalt content of the eight samples varied from 4.6 to 5.3% with an average of 5.1%.
The average asphalt content fell below the lower design limit by 0.3%. All of the
samples were under the lower design limit of 5.4% (Table 4.3). The void content for the
cores tested by ODOT ranged from 6.0 to 17.4% with an average of 12.9% (Table 4.12).

4,2.5.2 OSU Tests

The void content for the cores tested by OSU ranged from 8.7 to 12.5% with an average
0f 10.9% (Table 4.13). The sample tested in the ECS dropped to 75% of its original
modulus after the first cycle and reduced to 50% after the second cycle. The visual
stripping of the sample after the fourth cycle revealed 5-10% of the aggregate faces were
stripped (Figure 4.16). This project may exhibit stripping in the distant future; however,
because it is in western Oregon and does not experience severe freeze-thaw action, the
stripping will be slow to develop.

1000 ¥y | s Upper Limit |
00 / 7 = == Lower Limit
/"/ — o Target
80.0 2 /
K —aODOT1
0 J', / — 4 ODOT2
60.0 y . oports
50.0 7 — 5 —ODOT 4
% ODOT 5
40.0 7 |
/4 --.g...0DOT®
0 _ 4__ODOT7 |
200 ~ 4/ __,__ODOTS8
> o — L S
10.0 =
- -
0.0 s
0.08 2.00 30
"8.43 " azsem T 950 ma ™ 16,00 2> 00 M

Seive sizes raised to 0.45 power

Figure 4.14: Extraction Results for Azalea-Jumpoff Joe
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Percent Passing
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Figure 4.15: Average Extraction Results for Azalea-Jumpoff Joe
Table 4.12: Summary Volumetrics for Azalea-Jumpoff Joe (ODOT)
Geometric Bulk Maximum . .
Specific Gravity Specific Gravity Percent Air Voids
Minimum 2214 2.447 6.0
Maximum 2.380 2.680 17.4
Average 2.269 2610 12.9
Standard deviation 0.05 0.10 4.3
Coefficient of variation (%) 23 3.9 33.4
Table 4.13: Summary Volumetric Data for Azalea-Jumpoff Joe (OSU)
Parafilm Bulk . .
. d
Specific Gravity Percent Air Voids
Minimum 2.283 8.7
Maximum 2.382 12.5
Average 2.326 10.9
Standard deviation 0.03 1.1
Coefficient of variation (%) 1.2 9.9
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Azalea - Jumpofff Joe
Additives: Lime
Asphalt: Chev PBA-6 (5.6%)

Specimen | ECS Air | Cond. | ECS ECS |ECS | ECS | Visual
ID System | Voids | Cycle | Stress | Strain | MR | MR | Stripping
(%) (psi) | (micro) | (ksi) | Ratio (%)
0 15.6 99.1 | 158 | 1.00
1 11.9 | 100.1 | 119 | 0.75
C03 C 10.6 2 8.1 100.7 | 81 | 0.51 5-10
3 7.9 1002 | 79 | 0.50
4 8.5 100.4 | 84 | 0.53
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Figure 4.16: ECS Results for Azalea - Jumpoff Joe
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4.2.6 Halsey Interchange-Lane County Line
4.2.6.1 ODOT Tests

Extraction results showed the gradation of about half of the samples crossed the upper
limit by more than 5% at the 8.3 mm (1/3 inch) and 6.25 mm (1/4 inch) control points
(Figure 4.17). The average gradation for the 11 samples does not display this well
because the other half of the samples were within the upper limit. The average gradation
for the 11 samples tested first exceeds the upper control point at 12.5 mm sieve by 2.2%.
As the average gradation continues through the control points, it is 4.1% above the 6.25
mm (1/4 inch) control point and falls back into the design limits by the No. 10 control
point (Figure 4.18).

The asphalt content of the samples varied from 5.0 to 6.1% with an average of 5.7%.
Only one of the samples fell below the lower limit of 5.4% while the remaining ten were
within the design asphalt content limits (Table 4.3). The void content for the cores tested
by ODOT ranged from 5.3 to 14.6% with an average of 10.6% (Table 4.14).

4.2.6.2 OSU Tests

The void content for the cores tested by OSU ranged from 8.5 to 16.0% with an average
0f 11.9% (Table 4.15). The sample tested in the ECS never fell below the initial modulus
but did have 5-10% visual stripping (Figure 4.19).
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Figure 4.17: Extraction Results for Halsey Interchange-Lane County Line
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Figure 4.18: Average Extraction Results for Halsey Interchange-Lane County Line

Table 4.14: Summary Volumetrics for Halsey Interchange-Lane County Line (ODOT)

Geometric Bulk Maximum Percent Air Voids
Specific Gravity Specific Gravity
Minimum 2.119 2.420 5.3
Maximum 2.309 2.493 14.6
Average 2.192 2.453 10.6
Standard deviation 0.06 0.03 2.8
Coefficient of variation (%) 2.7 1.0 26.6

Table 4.15: Summary Volumetric Data for Halsey Interchange-Lane County Line (OSU)

Parafilm Bulk

Specific Gravity Percent Air Voids
Minimum 2.034 8.5
Maximum 2.258 16.0
Average 2.148 11.9
Standard deviation 0.15 2.2
Coefficient of variation (%) 3.1 18.4
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Halsey Inter. Lane County
Additives: Lime
Asphalt: Albina PBA-6 (5.8%)

Specimen | ECS Air | Cond. | ECS ECS |ECS | ECS | Visual
iD System | Voids | Cycle | Stress | Strain | MR | MR | Stripping
(%) (psi) | (micro) | (ksi) | Ratio (%)
0 13.7 | 100.8 | 136 | 1.00
1 15.9 | 1006 | 158 | 1.16
EOQ7 C 13.9 2 17.7 | 1004 | 177 | 1.30 5-10
3 17.8 | 1005 | 177 | 1.31
4 144 | 100.2 | 144 | 1.06
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Figure 4.19: ECS Results for Halsey Interchange - Lane County
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4.3 DISCUSSION

The following is an evaluation of the results from the lab study for each of the projects:

4.4

1))

2)

3)

4)

3)

6)

Wolf Creek-W. Fork Dairy Creek — This project had extensive fat spots. The aggregate
gradation is finer and the asphalt content is higher than specified. The haul distance for
this job was 90 km (56 miles), which may have contributed to the drain down and the fat
spots. It does not explain the finer gradation, which contributed to the low voids. The
ECS test results suggest that the fat spots are a drain down problem and not a stripping
one.

Rufus-Arlington — Although this project was in relatively good condition, it did not
conform to the F-mix gradation. This explains the relative low air voids found along the
project length. The results of the ECS tests indicate the mix was resistant to stripping.
There is no clear explanation for the stains along a portion of the project.

Baldock Slough-S. Baker Interchange — This project experienced some isolated
stripping at select sites on the project. The average gradation for the mix was on the fine
side of the gradation curve and the voids low. Although the mix did not have a
significant reduction in its ECS modulus value, the visual stripping indicates the mix is
sensitive to moisture.

Forge Rd.-Lobert Rd. — This project was one of the two experiencing stripping
problems. It is a heavy traffic site in a severe climate. The mix contains hydrated lime as
an anti-strip agent. Again the mix tends to be on the fine side and the asphalt content was
lower than the target value. Although the void content averaged 15.5%, the ECS test
shows a significant drop in ECS modulus and a high amount of visual stripping
confirming a moisture sensitivity problem.

Azalea-Jumpoff Joe — This project was in fair condition; however, a portion of it did not
seem to offer the splash and spray benefit. The gradation again was on the fine side of
the F-mix bar and the void content was low. Also, a fog seal was applied to sections of
this project which helps explain the poor splash and spray properties for this mix. The
mix appears sensitive to moisture damage; however, at the time of this report (1996),
there was no evidence of moisture damage in the field.

Halsey Interchange-Lane County Line — This project is experiencing the problem of
shoving in the southbound truck lane. The northbound lanes, which contain a different
asphalt and mix design, are not showing any problems. The extraction results show half
of the samples meet the target gradation and half did not, suggesting a segregation
problem. The ECS results showed that the mix is not moisture sensitive.

SUMMARY

In general, the laboratory study indicated all of the mixes were generally finer than the mix
design gradation. The asphalt content for the cores tested showed two projects had high asphalt
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contents, two projects had low values, and two were within the design specifications. The
samples tested in the ECS indicated the water sensitivity of the two known problem mixes and
another mix was also shown to potentially have a water sensitivity problem.

In specific, the following emerged from the results of the laboratory study:

1) Sampling at the cold feed may not be adequate to control the gradation of the open-
graded mixes because the gradation of the cores tend to be on the fine side of the

broadband.

2) Segregation may be an issue with the open-graded mixes leading to isolated fat spots and
raveled areas.

3) Water sensitivity of mixes (treated with lime) did not appear to be a major problem.
However, there may be isolated areas (e.g., Forge Rd.-Lobert Rd.) where lime is not
present due to poor mixing.

4) Additional study projects may be required to link the exact causes of the problems
observed to gradation, asphalt and moisture content.
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3.0 EVALUATION OF FINDINGS

The purpose of this chapter is to evaluate information from the literature review, the field survey,
and the laboratory study, to recommend which factors affect performance, determine which
factors should be controlled during production, and to develop improved F-mix pay factors. The
sections detailed below present an evaluation of the data.

5.1 FACTORS AFFECTING PERFORMANCE

The factors affecting performance were first identified through the literature review and expert
survey. These factors were then further explored by conducting a field survey and laboratory
evaluation of projects in Oregon. Follow-up interviews with agencies and experts were made to
further refine the recommendations, and QC/QA data were analyzed to see if the findings were
consistent with previous work.

S5.1.1 Literature Review and Expert Survey

Asphalt Content. This factor was found to be an important one, affecting the performance of
porous pavements. Too much asphalt caused fat spots and rutting while too little asphalt led to
raveling.

Asphalt Type. Many researchers are addressing the issues with asphalt type by improving the
rheological properties of the asphalt binder.

Aggregate Gradation. This factor has contributed to a number of performance issues, including
fat spots (Page 1993); loss of permeability (Smith 1992, Gemayel and Mamlouk 1993); clogging
(Colwill et al. 1993, Page 1993; Younger, Hicks and Gower 1994); air voids (Gemayel and
Mamlouk 1993); and mix stiffness (Gemayel and Mamlouk 1993). According to the literature,
aggregate type can contribute to minimizing raveling.

Aggregate Moisture. This was an important factor influencing pavement performance
according to the survey responses. Generally speaking, too much moisture causes boiling of the
asphalt and contributes to fat spots in the mixture.

In summary, the survey responses and recent literature suggest that asphalt content and aggregate
gradation are the most important factors related to performance of porous pavement. Raveling
tends to be the biggest problem followed by fat spots. To a large degree, these are both related to
asphalt content. Potential for improvements may lie in the use of asphalt containing modifiers,
close controls on the binder and mix temperatures, and development of improved mix design
procedures.

77



5.1.2 Field Survey and Laboratory Evaluation

The results of the field survey and the laboratory test program suggest that asphalt content and
aggregate gradation may affect the short-term and long-term performance of F-mixes. Higher
asphalt contents may lead to fat spots and rutting. Lower asphalt may lead to raveling. Although
the aggregate gradation for most of the projects sampled tended to be finer than the job mix
formula, there is no conclusive evidence to suggest the finer mixes contributed to any of the
problems.

The field survey and laboratory test program were also not clear with respect to importance of
mix moisture on performance. Projects which reported high moisture content showed no visible
problems in the field. ODOT has relaxed the current mix moisture requirement and this decision
is generally consistent with the study’s findings.

5.1.3 Follow-up Interviews

Follow-up interviews were conducted to explore further some of the initial findings from the
literature review, field survey, and expert survey. The interviews allowed practitioners to react
to initial findings so that their opinions could be further incorporated into the final
recommendations. Follow-up interviews were conducted with ODOT maintenance personnel
and with several state agencies having the most experience with porous pavements. In addition,
feedback was solicited from contractors at a meeting of the Asphalt Pavement Association of
Oregon (APAO) Board of Directors meeting in Newport, Oregon.

Maintenance personnel from Clackamas, Medford, and The Dalles were also interviewed in the
follow-up study. General comments indicated that F-mixes were performing well in these areas.
When questioned about performance problems with F-mixes, those interviewed commented on
issues such as a lack of drainage due to the fog seals, or clogging (water can collect and freeze,
causing cracking and black ice); fat spots (excess asphalt); raveling; and damage due to snow
plows and studded tires. Comments concerning fat spots and raveling were consistent with the
findings from the field survey.

At the Newport APAO meeting, the contractors were asked, “What are the most important short-
and long-term performance problems in F-mixes?” Their opinions included:

1) Haul Temperature. In many instances, it is necessary to run the plant hotter than normal to
deal with longer haul distances.

2) Fat Spots. Asphalt content is critical to this type of distress.

3) Mix Design Process. The current process needs to be improved since contractors will soon
start doing mix design; the inherent variability in the process needs to be reduced.

4) Smoothness. Some concern was expressed over the need for a smoothness requirement.

5) Night Time Work. Problems are worse at night due to lower temperatures. Segregation is
worse at night.
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Many of these issues are actually production issues and are discussed in more detail in the next
section.

5.2 FACTORS TO CONTROL DURING PRODUCTION

Like the factors affecting performance, factors that need to be controlled during production were
first identified through the literature review and expert survey. These factors were subsequently
further explored through a field survey and laboratory evaluation of projects in Oregon. Finally,
follow-up interviews with agencies and experts were done to refine the recommendations, and
QC/QA data was analyzed to see if findings were consistent with previous work.

5.2.1 Literature Review and Expert Survey

In reviewing the literature on factors that need to be controlled during production, it is important
to remember that the primary concern is process control (quality control), not quality assurance.
Process control is the responsibility of the contractors and is the means by which they insure that
they are laying a high quality pavement. Quality assurance, on the other hand, is the means by
which the agency (ODOT) verifies contractor process control testing and independently inspects
the pavement to confirm that the contractor is laying a high quality pavement.

Table 2.4 presented the factors used for quality control as well as the pay factors for three states:
Florida, Nevada, and Oregon. All three states specify that quality control should apply to
aggregate gradation and asphalt content. However, these agencies do vary on which sieve sizes
they believe to be important.

5.2.2 Field Survey and Laboratory Evaluation

Based on these studies, it was shown that several of the projects sampled were out of
specification on both gradation and asphalt content. Unfortunately, with a sample size of only
six projects, it is difficult to link clearly the relationship between gradation and asphalt content to
performance. However, if the job mix formula is the desired target, then the observed variations
about the target could have contributed to the observed performance problems. The out of
specification jobs tended to result in lower air voids, isolated fat spots and rutting, and
diminished splash and spray characteristics.

5.2.3 Follow-up Interviews and QC/QA Data

Initial findings concerning performance factors and production factors indicated that aggregate
gradation and asphalt content are critical to the performance of porous pavements. However,
there were several other issues identified for which there was not a clear consensus. These
included ambient temperature, mix temperature, maximum haul distance or haul time, maximum
storage time, and equipment used. It was important to conduct follow-up interviews to
determine if the experts felt these factors were important. Table 5.1 summarizes the results of
these follow-up interviews.
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Table 5.1: Results from Follow-up Interviews with Selected Agencies

Factor Florida Nevada Texas Washington
(Gale Page) (Rudy Edgington) | (Maghsoud Tahmoressi) | (Robyn Moore)
Ambient temperature 15.6°C and rising 15.6°C ambient 21.1°C and rising 15.6°C
15.6°C surface
Compliance notes none no night paving in | restricted paving season | typically avoid
northern region night paving
Mix temperature 143.3°C with rubber none provided 82.2-126.7°C in specs Max 126.7°C
115.6°C w/out rubber 121.5-132.2°C in practice
Taken at plant? yes Yes yes yes
Taken at paving site? yes Yes no no
Compliance notes removed if out of none provided no difficulties no difficulties

specification

Maximum haul
distance or haul time

no restrictions

no restrictions

no restrictions, probably
good idea

no restrictions

Maximum storage 1 hour in silo no restrictions no restrictions 24 hours
time
Equipment No restrictions no restrictions Insulated trucks to main- | no restrictions
requirements tain temperature

According to Texas DOT, excess mix moisture is the cause of many problems. However, it is
not used as a pay factor because the measurements taken with the oven method are not reliable.
Oregon uses both microwave and conventional ovens (see Table 3.5).

Other states seem to have strict enforcement of the ambient temperature restrictions (e.g., no
night time paving where the temperature may be below 16°C (60°F)). At the June 1996
Technical Advisory Committee meeting, members suggested that in Oregon (due to increased
layer thicknesses), this criteria is not as critical for Oregon F-mixes (e.g., lower ambient
temperatures may be permitted).

The issues related to mix temperature and haul time/distance are closely related. Process control
could be established by placing limits on haul time and/or haul distance, or by requiring mix
temperature readings at both the production plant and at the paving site. Florida and Nevada

handle it this way.

Follow-up interviews with other contractor and agency personnel who are familiar with the

production of porous pavements in Oregon indicated that, while the appropriate testing is taking
place, the contractors are not typically using control charts to make effective decisions based on
data. Contractor process control data were not available for analysis, but ODOT quality
assurance data were available. For all of the projects where there was a sufficient amount of QA
test results, the researchers charted the data as though they were QC data to determine how often
the data would have indicated a need to consider corrective action. Table 5.2 indicates the
projects and factors for which charts were created.

The charts are provided in Appendix D. On the charts, an “X” indicates that a corrective action
might be necessary. In reviewing these charts, the reader must realize that the charts use control
limits and not specification limits to determine when corrective action might be necessary. It is
desirable for the control limits to be within the specification limits. Table 5.3 indicates whether
the control limits were within the specification limits for each of the projects and factors charted.
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Table 5.2: Projects and Factors for which Control Charts were Made

Project

12.5 mm
(12"

6.25 mm
(174")

2 mm
(#10)

0.075 mm
(#200)

Asphalt
Content

Moisture
Content

Hayesville - Battle Creek

W. Marquam - N. Tigard

Wolf Cr. - W. Fork Dairy Cr.

Corbett Intch. — Multnomah

P o I el e

Rufus - Arlington (West Unit)

Rufus - Arlington (East Unit)

P = e 2] I B

P B el Eal Bl e

P e e [d I I

E. Pendleton - Emigrant Hill
Lot 2B

s

>

ER P [P o I e e

P I [P I B e e

Baldock Slough - S. Baker
Lot 1

Forge Rd. - Lobert Rd.

bl I I

==

=

>| >

Jumpoff Joe - N. Grants Pass
Lot 1
Lot2

Azalea - Jumpoff Joe

b Bl

b I I

>

o e

Halsey Intch. - Lane Co. Line
Lot3
Lot4

P

b

B

=<k

ST = e P =

As the table shows, control limits were outside the specification limits 93% of the time for the
12.5 mm (1/2 in.) sieve, 64% of the time for the 6.25 mm (1/4 in.) sieve, 7% of the time for the 2
mm (#10) sieve and the 0.75 mm (#200) sieve, 50% of the time for asphalt content, and 36% of
the time for moisture content. If processes are effectively managed using statistical process

control, control limits should not be outside specification limits.

Table 5.3: Were Control Limits within Specification Limits?

Project 12.5mm | 6.25 mm 2 mm 0.075 mm | Asphalt Moisture
(1/2") (1/4") (#10) (#200) Content Content

Hayesville - Battle Creek No No Yes Yes No Yes
W. Marquam - N. Tigard No Yes Yes No No Yes
Wolf Cr. - W. Fork Dairy Cr. No No Yes Yes No No
Corbett Intch. - Multnomah No No Yes Yes Yes No
Rufus - Arlington (West Unit) No Yes Yes Yes Yes Yes
Rufus - Arlington (East Unit) No Yes Yes Yes - No
E. Pendleton - Emigrant Hill

Lot 2B No No Yes Yes No Yes
Baldock Slough - S. Baker

Lot 1 No No Yes Yes Yes Yes
Forge Rd. - Lobert Rd. No Yes Yes Yes No No
Jumpoff Joe - N. Grants Pass

Lot 1 No No No Yes — Yes

Lot2 No No Yes Yes Yes Yes
Azalea - Jumpoff Joe

Lot2 Yes No Yes Yes Yes Yes
Halsey Intch. - Lane Co. Line

Lot3 No No Yes Yes — Yes

Lot 4 No Yes Yes Yes — No
Summary (No/Yes) 13/1 9/5 1/13 1/13 5/5 5/9
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The purpose of process control is to collect information on the porous mixture to be able to make
effective decisions based on data. Variations exist in everything: the aggregate, the asphalt, the
equipment used, the mix temperature, the personnel running the equipment, the paving
conditions, and even in the testing methods used. Given all of the sources of variation in a
production process, the most effective way to make decisions based on data in this setting is
through the use of control charts.

Control charts allow the contractor’s personnel to diagnose patterns in the data consistently so
that corrective actions can be taken in a timely fashion. Each point graphed on the control chart
should be an average of at least two numbers (tests). This can best be accomplished by taking
two samples from a sublot, testing both, and averaging the test results. If this is an unacceptable
approach, an alternate would be to use a moving average and a moving range chart which will
not increase the amount of testing required. By following these procedures, the control charts
will be more sensitive to changes in the process and will identify potential problems more
quickly.

5.3 COMPARISON OF QC AND CORE DATA

Tables 5.4 through 5.8 compare the QC data (in Chapter 3) with the core results (in Chapter 4).
As was mentioned previously, it is possible for the overall mean to be within specification limits
(99.7% of data) while still having problems with quality due to a high standard deviation. One
way to check for this problem is to compare the specification limits with the mean plus or minus
three standard deviations.

In the tables, the QC data analysis considered the specification limit that was relevant to core
findings. Typically, in the cases analyzed in this study the primary interest is the upper
specification limit. Therefore, the tables show the upper specification limit and the mean plus
three standard deviations. The only exception is Table 5.8, which considers asphalt content. In
this case, some core results were over the upper specification limit and some were under the
lower specification limit. Therefore, both the mean plus and minus three times the standard
deviation are shown in Table 5.8.

If the processes used to produce these pavements were in states of statistical control and centered
within the specification limits, one would expect that the upper specification limit would be
greater than the mean plus three standard deviations, and one would expect that the lower
specification limit would be less than the mean minus three standard deviations. The QC data
results column describes these comparisons. For example, if the mean plus three standard
deviations is greater than the specification limit, this would be consistent with a core results
finding that the core average could be at the upper specification limit or could exceed it. If the
QC data and core findings are consistent, this would strengthen the expected results. In other
words, consistency between QC and core results means that the quality control results indicate
that the core results are not surprising. Inconsistency does not imply that either result (QC data
or core data) is wrong.

82



€8

; . . . 1071
-oods
SR | g LI gy oy g prososooma omt | 6606 | 1 | 6y | bvs | oo €01
Iaddn spesoxo o8eIoAy 111 o), Bhie 2, BB aury "o)
THUIL < E€9ELPUR [L <6S°LL WS aue] - “yoru] Aos[er]
“runy -oads ayy urgm oFeIsAe pnoos
ON §9100 oY) ‘1L et JoySty APysis A[uo | LT7L IL €Te 85779 €9 c107]
SSA syrum| SI LT'TL 90WIS ‘7 107] WOy Ude) 21oM | 69799 [L 081 6C’19 99 13107
*0ads uryim st 98e10Ay | $a100 J1 yrourf 9ads seddn oy urguim oq (pus yimos)
PINOM 3109 1R} ATONI] ST I “TL > 69799 sor godumy - eo[eZY
90UIS ‘] 10T WOJ USNL) 9I3M SII0J J[
- Jiuy -oads | -0ads Joddn a3 18 9FeI0AR PINOD . . . . Q0 - ‘DM 2510
A 1oddn 3¢ 51 98eIoAY | 50100 1RU) A[SI ST 1 “TL < 16'bL 20UIS 16'vL IL 'y €519 99 P Q0T - Py d
%€ Aq yuur] "oads un] -0ads 1eddn oy pasoxs pnos . . . Ioyeq
S9A 1oddn spasoxo 98eI0AY | Sa109 JeY) AN SI M [/ < £(°9/ 9OUIS LOSL I L0e 98'99 9 'S - y3no[s Yoopjeqg
%0 ¥ Aq 11uny oads “run -sads reddn oy paeoxa prnod . . . (y1un 1s89)
SA Joddn spasoxs o8eioAY | 50109 Jey A[ONI[ ST I 1/ < §§°G/ 90U 8¥'SL 1L s5°¢ 89 §9 UOJSUI[IY — snjny
%09 AQq 1wy oads “Jtuy -oads raddn a3 pasoxs pnos . . ; ¥aa1) Ane(q
SOA Joddn spasoxa o8eIoAy | s0I09 Jeyy AJONI[ ST [£ < $(°9/ 99U vO'9L I 443 99 59 N0 "M — 231D JIoOM
:o:MSQD nan uonelasq
JUIISISUO)) s)NsSaY”Y DO o ‘0adg T ued | 108re]
SISO a4V SIS 10D pIepuelg 1ddpy pIepuelg 10loag
£+ UBSN
e1ed D0

JAJIS WU $°T] XOF SHNSIY 310D pue g DO Jo uostiedwo) :pS IJqe



78

9K yruny “20ds 86°C¢ 6T 66'C 10'¥¢ v ¥ 307
SOK %Iy Aqyuy oads | oo PosoXs oo $0100 jeup Ay | 96'S€ 6C $'€ 9T | T €107
Joddn spesoxo a8e1oAy — nﬁ i - . uoawm oury
[N 6T <86'CE PUR 6T < 96°£S 0UIS 07 aue] - Yoy Ads[el
=3 R—— AR REE et
Joddn spaaoxe a3eIoAy ° o 3” wﬁ vooov.ﬂo EMMQ $9100 awﬁ o%w_E (pus @INos)
[N 8T < 8T EEPUR ST < 8I'I € 90UIg sof godum( — eorezy
€7 Aq nuan] -oads | -vads 1eddn sy pacoxs pinoo . . . . .
SoA 1oddn spasoxa a8eIoAy | 52100 JeY) AN SI U Q€ < T €€ 90UIS et 0¢ ot'c ¥6'9¢ st P #3907 — Py 23104
%L [ Aq numy -oads "y -oads 1eddn a1y pasoxs pnood . . . Ioxeq 'S
SoA Ioddn spasoxs a8eIoAy | $2100 JeY} A[ONI] SI M ‘[ € < PT'SE POUIS vese Ie 107c 1eec 9¢ — 43no[s yoopreg
%16 Aq Ny -oads “ju| -5ads 1eddn a1y pasoxs prnod . . . (J1un 1se9)
SeA Joddn speooxs o8ei1aAy | s0100 JeT) A[SNH SI M ‘0 < 0L [ € 9OWIS 0L°TE 0¢ 6¢C £sve §C U0l Iy — STYmy
%, € Aq muy -9ads i) -oads xoddn o) pasoxs pinos . . . ¥ooID Are(q
S9A Ioddn spasoxa 98e1oAY | $2100 JeY A[ONI] SI ¥ Q€ < L] €E 90UIS Llee 0¢ vLC s6¥C ve N0 "M - 921D JIom
"SUOTIBIAS(] [ UM
HUASISUO) S)[Rsay 310 sHNsSay DO E.m._uQ.Sm adg | LonerANd UBSIN | 303re], |
SINSY 91y NASIY 3107 €4+ uedN | roddn PIEPUEIS patodd
B1ed D0

9AJIS W $7°9 10f SYNSIY 210 put vleq DO Jo uosaedwo) :g°s Iqe]



¢8

o
ON "93ds oy} UIIm 25e10AE PINOYS S3100 9E vl 91 ee'l LEOT (4 ¥ 107
SeA iy 9ads | ‘9T > ¢’ 9OUIS ‘7 30T WO UdYe] 210M ITLI 91 98’1 €911 4 €107
Ioddn oy 1e s1 98e19AY $0100 J1 “yun| -oads soddn sy possxa oury
PINO02 $2109 1oy AONI[ SLI ‘9] < [T°LI "0D) dUET - "youJ Kas[ey
Q0UIS ‘[ 10T WO USE) 9IOM SOI00 J]
N | o A o wmodson| Seer | o | eso [sou| o L7
o iy 9A0QE 93RISAE P[NOD SAI0D JeT) A[9Y] Jou
Ioddn spesoxo a8eioAy SII‘Or — o e E  am (pus ynos)
TN91  6£°91 PUB CT > pE ¢l 20Ug 20f jyodumy — eojezy
X d RIL
o) .
ON | sodcin spoooxs oBeiony | 205 B Aoqe oBeone prnoo saxod | py | gy 11 | srer| w1 PY HQOT - Py 38104
Yo ATONI[ JOU ST ‘gT > [L°L] 90WIS
%27 Aq umj *oads | oads 91 Je a5eIoAe PInod $3105 . . . .
ON 10ddn spasoxs aeroAy 1o Ao 10U ST S~ [0°S] 90U 10761 S1 £€6°0 (444! IT | 19%ed 'S — y3no[s yoopreg
ON %L’y Aq pun] oods "2ads oY) aA0qe a5e10AR PINOd MHM 60°ST 91 0S'1 6501 (yrum 3se0)
Iaddn spasoxs 9eioAy ) . 0 I uo)SUIIy — snyny
121} ATI] JOU SE I ‘9] > 60°S T 99U ‘
%80 Aq y1an] -00ds ] -oads 1oddn oy pasoXa p[nod . . . ¥a1) Amre(y
SoA Joddn spasoxs o510y | $3100 Jeqy A[ONI[ ST T ‘L] < 0Z'81 20UWIS 0z'8l L1 LL1 68°CI a FOJ "M - Y23ID JIOM
JUIISISHO)) suoneEIAq | T UonRIAS(
: sinsay DO | prepuels | -oadg o uBdy | 1081e],
maﬁ”wm SNS3Y 310D ¢ + meapy | soddn) pIepue;S 3o3loag
e1ed DO

IA3IS (0T#) W 7 10§ S)MSIY 310D pue Ble( DO JO uosiredwo) :9-g Iqe]



98

ON o o S5 149 09 960 9¢°¢ oy ¥ 107
ON yuny ‘vads g e 5 97’9 09 Lo orvy oy €107
10ddn 1e st o%e10AY oy o>onm w Eo>m. p[noo m.Eoo aﬁ.r 193] ST ‘09
) JOUSI "0°9 > $T°S PUE 09 < 9T°9 30Ul uer - .aow: Kosyery
o s mmosds) oot | os | ero | sec]| o¢ Lo
soddn e mm. owﬁo>< g o>oew wmﬁoﬁ. pInos mwso aﬁ.t AToyT (pus ynos)
JOU ST ("G > BS '€ PUB ('S > T6'C 90UIg 201 Jjodumng - eo[ezy
o iy -oads “Jy -59ds oy} sA0qe 95eIoAE PNod ; . . . . ) S07T = S S50
N 19ddn je s193R19AY | $3109 JRT A[ONI] 10U SI I ‘9°C > [/ "{ 90UIS ILy 9 09°0 16'C ¢ Py 1H8q0T - Py d
jtuyy "oads “Juy ‘0ads oY) sAoqe afeIoAe p[nod . . . . . Ioxeqg
°N Iaddn e st o8e10Ay | 59109 JeT) A[SNI] 10U SI I ‘9'p > ZE"€ 0UIS cee v 61r'0 sLe ¢ 'S - 4Bnojg yoopreg
%0°1 Aq yumy aads ruar] -oads ay) sA0qe a8eIaAe pinos . . . . . (31un jse9)
°N Joddn spaaoxs 93e10AY | 53109 eI AJSNI] 10U ST} C0°S > 96°€ 90UIS 95e 0 sv'0 1ee 0¢ uojSuIIy - smyny
%¢"0 Aq umy -oods "Jwf -09ds 9y} 9A0qe d3eIoAR PiNod . . . . . No91D Alre(]
N Joddn spasoxs a3e1oAY | 52109 JeYy A[OXI] J0U ST 0°G > p§'E oUW v8'e 0’s LEO tLe 0e SO "M - 921D JIOM
JUI)SISUO)) SUOREIAS(Y | - ] UOIIRIAR(]
- synsay DO pIepuels ‘0adg s US| 1981,
3”..“0& $INSIY 10D ¢ +ueop | 1oddn plepuels 19foag
e1eq DO

24318 (00Z#) W GL0°0 10§ SYNSIY 310D pue e DO Jo uostiedwo) :.°g qEL



L8

‘[[e39P QIOW I0Y ¢'f I[qR], 995,

— : — ) — — 'S ¥ 107
S — ¢ — vo | — | = | oo €107
‘oods "9]qE[IBAR 10U BIB(] aur 0y oue]
urmgm 11 3o 01 N o1y KosTeH
s 3 3 ; : 5 : : 0
oA (apun oo nod oy | s | cee | es | sto | isv | os (107
-20ds [ aq pInoo sa100 Jey) S[qIssod S1 31 (puts ymos) sof
UWIYHM 83O 0 | “¥'S > 6T'S PUR 8 > T’y oW jjoduny - vojezy
(19pun ¢) *0ads mo[2q 2q pP[nod $9100 . ) . ; ) ) . Pa
SOA 50ds 100 930 [ | o1 ATONI STI ‘S°C > §0°C A0UIS 80°¢ S ¥9'9 $9 9C0 98¢ 09 110q0T — Py 35104
‘s ‘oads UM a1
"9ads | sa105 peyosyes [[e 1eys s[qissod . . . . . ) ) Ioyed 'S
S, unpIM €30 ¢ | st sy oods oy spismo e | 87 e 09| 65 | 00 | &S] S y8nors yoopleg
SIWI] [ONUOD Y} YINOY} UaAT
-0ads moeq
Sox-1opup) | (19pun | ‘10A0 9) 9q pInod sa109 e aqrssod (arun 15%9)
"93ds | os[e ST Y 06y > (L ooUS pue oLy 6t ¥19 6'¢ 174] w's Y :Sms.ﬁaﬂ - snymy
S8 X -IOAQ um g Jo z | “oads aA0qe oq pInoo $3109 et 3
31qissod ST I ‘61°G < p°9 dUIg
(10pun 7 1080 ¢) "2ads mo[aq oq p[nood se100 1By} sar
SoA-Iepup) pane .oomm AT OS[e ST G°G > €8 aouls cgp ¢c 1L 9 650 009 | 09 banw gow
s 7 10 pue “oads aA0qe aq P[nood s3109 = oow o
$OX-15A0) M zrjo ¢ Yeuy Lo ST °C°9 > £ [°L 20UIS M -393ID JIoM
JUI)SISUO)) SUOHBIAS | W] | SUOREIAS( | W] uoneIAL(
y s)nsa Iepue ‘oad Iepue -ood T ued o3m
S}NSAY *S)NSANY 210D NS DO Mlﬂuow BBoM M+wao%~ od aw piepuelg W | 190 Te] 10loag
v e1ed DO

yuauo)) Jeydsy 1oy s)msay 210D pue ejeq DO Jo uosedwo) :g°S IqeL



Tables 5.4 to 5.7 also provide a direct comparison between the gradations (12.5, 6.25, 2, and
0.075 mm) for each of the six projects. These data indicate the following for each of the
projects:

1)

2)

3)

4)

5)

6)

Wolf Creek-W. Fork Dairy Creek. The gradations from the cores are consistently higher
than the upper specification limit for all sieve sizes. This project experienced
considerable fat spots throughout its length.

Rufus-Arlington (east unit). The gradations for the cores are consistently higher than the
upper specification limit for all sieve sizes. This project did not have any major
performance problems.

Baldock Slough-S. Baker. The gradations from the cores exceeded the upper
specification limit on all sieves but the 0.075 mm. The project exhibited some isolated
areas of raveling/fat spots.

Forge Rd.-Lobert Rd. The core gradations were at the upper specification limit except
for the 6 mm sieve (which exceeded the limit). The project exhibited some isolated areas
of raveling/fat spots.

Azalea-Jumpoff Joe. The core gradation exceeded the upper specification limit on the 6
and 2 mm sizes. This project was low in asphalt initially, then fog sealed. It was in good
condition during the surveys.

Halsey Intch.-Lane Co. Line. The gradation of the cores exceeded the upper specification
limit on the 12.5 and 6 m sieves. This project exhibited considerable shoving in the
southbound lanes.

All cores were trimmed to remove cut surfaces before extracting the asphalt and performing a
gradation test. In all cases, the gradation of the cores was finer than the QC data. However, the
data indicates there is no direct correlation between gradation and performance. Since all of the
cores were sampled in known problem areas, further investigation is necessary to determine if
controlling the aggregate at the cold feed is not adequate to ensure a specification product.

Table 5.8 provides a similar comparison between the asphalt content based on QC data and
extractions from cores. The results suggest the following for each of the projects:

1)

2)

3)

Wolf Creek-W. Fork Dairy Creek. Five of the 12 extractions were within specification
(five over and two under). This, combined with the finer gradation, may have
contributed to some of the observed problems.

Rufus-Arlington (east unit). Only two of the nine core extractions were within
specification (six over, one under). The higher asphalt content and finer gradation does
not explain the good performance of this project.

Baldock Slough-S. Baker. All asphalt contents were within specification. This, together
with the generally good gradation, could explain the good performance on the project, but
does not explain the isolated areas of raveling/fat spots.
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4) Forge Rd.-Lobert Rd. Only one of six core samples was within specification. All of the
non-specification material was low in asphalt content. This could explain some of the
isolated raveled areas, but not the fat spots.

5) Azalea-Jumpoff Joe. All core results were out of specification (low asphalt content).
This was somewhat surprising since part of the project was fog sealed after construction
to correct low asphalt contents during construction. This treatment was apparently
sufficient to prevent early distress along the project, despite the low asphalt contents
measured on the cores.

6) Halsey Intch.-Lane Co. Line. Ten of 11 cores were within specification on this project.
The southbound lane (with the higher design a/c) has experienced considerable problems.
The asphalt data alone does not explain the cause of the problem.

The project data, however, does show that the core results are often out of specification. This
suggests the QC program needs to be reevaluated. Control of the aggregate at the cold feed and
the asphalt using plant meters may not be adequate. Equally important, the limited data set show
no correlation between gradation and asphalt content and field performance. This, however,
does not mean these factors are not related to field performance. Other factors such as field
moisture content, mix temperature, and haul distances may have contributed to some of the
observed problems.

5.4 DEVELOPMENT OF IMPROVED F-MIX PAY FACTORS

F-mix pay factors were first identified through the literature review and expert survey. An
operating characteristic (OC) curve analysis was then performed to help evaluate the distribution
of risk between buyer and seller. This section presents the recommendations for new weighting
factors for F-mixes.

5.4.1 Factors to Include

After collecting information from the literature, the expert survey, and follow-up interviews,
findings indicate that asphalt content and aggregate gradation are critical pay factors. The key
question with gradation, though, is which sieve sizes to include. Initially, a reduction in the
number of sieve sizes used was considered, but feedback in the follow-up interviews suggested
that this was not a good idea. Reducing the sieve sizes monitored would lead to increased
variability in the final product. Next, adding 0.425 mm (#40) as a pay factor was considered.
The QA data indicates that contractors are consistently meeting the specifications for 2 mm (#10)
and 0.075 mm (#200) so it seems unnecessary to reintroduce the 0.425 mm sieve.

Moisture is important but commonly used methods of moisture content measurement are not
reliable. The pay factor should also reflect the variability in the test method. Furthermore, the
upper limit of 0.8% does not appear to relate to field performance (Note: the upper limit for
moisture content is currently 1.10%). This issue may need further investigation.

Mix temperature is also very important. However, no state agency currently uses this as a pay
item. Initial reaction to including mix temperature as a pay factor was negative, but this reaction
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seemed to be linked to the difficulty of administering the requirement rather than lack of
agreement that it is important enough to include. It seems to make sense to include both mix and
laydown temperatures, and to require the contractor to maintain process control charts for these
factors, and to use their data to determine the pay factor for this component. It could be an
additional step toward payment based on contractor process control data.

The most critical change that must be made is to eliminate compaction as a pay factor for open-
graded mixes. This is because the contractor currently receives 100% pay for an item not
controlled. As a result, it will be necessary to change the factor weightings for the remaining
factors. This is discussed in a later section of this chapter.

5.4.2 OC Curve Analysis of Pay Factor Schedule

Some amount of uncertainty is always present in the calculation of pay adjustments. Not only is
there inherent variability in the sampling process, but there will be some error in the
measurement as well. Operating characteristic (OC) curves can be used to evaluate the
distribution of risk between buyer and seller.

Weed has developed an interactive software package, OCPLOT, to assist in OC curve analysis of
pay adjustment for road construction (Weed 1995). Because OCPLOT requires a pay adjustment
equation, an equation was estimated from Oregon’s pay schedule. Three equations were
estimated and analyzed using OCPLOT, for sample sizes 5, 10, and 70. Although the results of
the analyses vary with sample size, for every sample size OCPLOT found ODOT’s schedule to
be unduly generous in providing bonuses. For example, with a sample of 70, the following
expected pay factors were computed:

Percent Average
Defective Pay Factor

0 1.05

5 --- Acceptable Quality Level (AQL) --- 1.027
10 0.995
15 0.959
20 0.919
25 0.878
30 0.841
35 --- Rejectable Quality Level (RQL) --- 0.805
40 0.762

Notice that for material that is just at the AQL of 5% defective, an average pay factor of 1.027
can be expected. In other words, almost 3% bonus will be paid for work that should receive only
the contract price. With smaller sample sizes, the discrepancy is greater. These three estimated
pay equations and their calculated pay factors are provided along with the pay factors from
ODOT’s schedule in Appendix E. Also provided are the OCPLOT results.

These results are consistent with findings on analyzing the federal schedule of pay adjustment,

which was the basis for Oregon’s schedule (Weed 1995). The FHWA (WFLD) revised its pay
adjustment schedule for its 1992 specifications. Oregon DOT evaluated the new pay schedule,
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but decided not to adopt it. Other changes in the new schedule include the requirement for larger
sample sizes for full bonus potential, the addition of category II pay factors for constituents with
less impact on performance, and a lower AQL.

5.4.3 Factor Weights in Composite Pay Factor Calculation

In calculating the composite pay factor (CPF) for asphalt pavement, Oregon weighs the
compaction value at 40%. For F-mixes, the practice has been to assign a value of PF = 1.0 for
compaction. The effect is to narrow the range of pay factors from 0.85 to 1.03, instead of 0.75 to
1.05, as for dense-graded mixes with the same level of defects. This limits both the possible

penalty and bonus.

ODOT’s acceptance policy provides that the agency can require the contractor to remove, at the
contractor’s expense, material for which the CPF is lower than 0.75. Because the rejection
criteria is based on CPF rather than percent within limits or percent defective, the error
associated with setting the compaction PF equal to 1 could result in accepting material that falls
below rejectable quality level. For instance, if all other constituents receive pay factors just
below 0.75, the compaction pay factor could pull the CPF above rejection level.

Oregon should use individual factors for aggregate gradation, asphalt content, and moisture to
calculate the composite pay factor. Reducing the number of sieves monitored could lead to
increased variability in the final product. It is suggested that ODOT explore the possibility of
including mix temperature as a factor in the near future. Three alternatives are given. Initially,
the composite pay factor would not include temperatures, and the recommended weights for the
constituent factors would be as listed in Table 5.9.

Table 5.9: Recommended Initial Pay Factors.

Constituent Existing Recommended Weights
Weight Alternative 1 Alternative 2 Alternative 3

1" (25 mm) 1 0 0 0
3/4" (19 mm) 1 9 12 5
1/2" (12.5 mm) 1 9 12 5
1/4" (6.25 mm) 5 15 12 15
#10 (2 mm) S 15 12 15
#40 (0.425 mm) 3 0 0 0
#200 (0.075 mm) 10 15 12 20
Moisture content 8 9 9 10
Asphalt content 26 28 31 30
Compaction 40 0 0 0

5.4.3.1 Basis for Alternative 1

Asphalt content has been consistently shown to impact pavement performance. Survey
results indicate that it was the most significant factor contributing to performance.
Analysis of the QC data indicated mixed results in achieving specifications for asphalt
content, and core results indicated difficulties with asphalt content. For these reasons, a
significant weight of 28% is recommended for asphalt content.
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The current pay factor weights include a 1% weight for the 25 mm (1 inch) sieve. Since
the QC data indicates that there is virtually no variation on this sieve, its usefulness as a
pay factor is very limited. Therefore, this sieve should be eliminated in calculating the
composite pay factor. It was also reasoned that the 19 mm (3/4 inch) and the 12.5 mm
(1/2 inch) sieves were of minor importance compared to the 6.25 mm (1/4 inch), 2 mm
(#10) and 0.075 mm (#200) sieve sizes, which were more significant.

It is recommended that the weights be adjusted to encourage contractors to increase their
process capability. The 19 mm (3/4 inch) and 12.5 mm (1/2 inch) factors should be
increased to 9, while the more significant 6.25 mm, 2 mm and 0.075 mm sieve weights
should be increased to 15. By placing a higher weight on these factors, contractors will
be encouraged to monitor the processes more closely.

The 0.075 mm (#200) sieve was identified for emphasis by calculating a measure of
process capability known as Cpi. Cpy is a performance index which reflects the current
process mean’s proximity to either the upper specification limit or lower specification
limit. This statistic is calculated by the following equation:

X -LSL USL - X

=min , 5-1
Coe 3s 3s -1
where:
S = sample standard deviation
X = arithmetic mean
LSL = lower specification limit

USL = upper specification limit

A value of Cpy less than 1.0 indicates that one should expect more than a small
percentage of the values for this factor would be outside the specification limits. Note
that Cyk can be influenced by either changes in the numerator (shifts in the process mean)
or changes in the denominator (shifts in the process standard deviation). ALL of the Cpy
values for the 0.075 mm (#200) sieve were less than 1.0. This indicates a significant
opportunity for improvement. Similarly, the 19 mm (3/4 inch) and 2 mm (#10) sieves
showed some difficulties with process capabilities (some Cpy values less than 1.0) and,
therefore, should not be removed from consideration. Details of the C,k analysis are
found in Appendix F.

Moisture content was listed by some survey respondents as a contributor to performance.
However, commonly used methods of measuring moisture content are not reliable and
there is no clear link between moisture content and performance. Therefore, a minor
weight of 9% is recommended for moisture content.

In addition to making these changes in factor weights, ODOT should consider rewriting
their specification to use a 5 mm (#4) sieve rather than the 6.25 mm (1/4 inch) sieve.
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This change would be consistent with the practices of other states and would allow cross-
state information sharing to be more effective.

5.4.3.2 Basis for Alternative 2

Alternative 1 assumes that the mix design is similar to a recipe where the quantities and
combination of ingredients are critical to a quality product. There was some debate
among the TAC members as to whether this was indeed the case. It was requested that a
second alternative be considered that merely spread the weight that was previously
assigned to compaction evenly across the other factors.

5.4.3.3 Basis for Alternative 3

This alternate places the same relative importance on gradation and asphalt content as the
current pay schedule. Additional emphasis is placed on the 6.25 mm, 0.425 mm and
0.075 mm sieve as compared to Alternative 1. Alternative 3 places the most emphasis of
all alternatives on the 0.075 mm sieve. Also, asphalt content and moisture content
weights are increased. Intuitively, this alternate would best relate to the findings from the
literature and the survey of users.

5.5 POTENTIAL IMPACT OF PROPOSED PAY FACTORS

The Technical Advisory Committee requested an analysis of prior projects with recommended
weight changes. This analysis is found in Appendix G. However, please note that this analysis
is for information purposes only and conclusions should NOT be drawn from this analysis. The
intended purpose of using pay factors is to influence contractors to focus on improving
performance on factors that impact pavement performance. Therefore, one cannot assess the
impact of a pay factor change without the corresponding influence on contractor behavior.

Figure 5.1 shows the distributions of the composite pay factors for the 208 production lots
available for this analysis. Figure 5.2 shows the same information, but focuses on narrower cell
ranges between 0.90 and 1.05. Finally, Table 5.10 presents CPF comparisons for projects
included in the field survey. Appendix G shows the same information for all 208 lots. As shown
in both Table 5.10 and Appendix G, Alternatives 1 and 2 slightly decrease the average CPF
while lowering the minimum CPF and raising the maximum CPF. Alternative 3 increases the
average CPF while lowering the minimum and raising the maximum CPF.

Contractors should be strongly encouraged to monitor performance on these factors with
statistical process control charts. In addition, during this first phase of implementation,
contractors should be required to show documentation (control charts) of their actual mix
temperature and laydown temperature data. These numbers would not be used to calculate pay
factors but, rather, would verify use of temperature readings for process control. It is our
understanding that contractors are currently collecting data on each of these factors, but that they
are not currently using statistical control charts to help them identify situations where corrective
action may be necessary. In the implementation plan discussed in the next chapter, it is
recommended that training be made available to contractors on the use of statistical process
control.
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Table 5.10: CPF Comparison for Field Study Projects

CONT TONS PRICE LOT #SUB PAY FACTORS Current|ALT 1[ALT 2| ALT 3
NO SECTION FMIXADJUST($) NO LOTS ~ 1 3/4 12 1/4 10 40 200 ASPH MOIS COMP cPF | cPr| cPr| cpF
11344 Azalea Jumpoff Joe 6771 2714 1 7 105 104 097 000 1.05 1.00 1.05 082 105 1.00 0941 0848 0873 0849
11344  Azalea Jumpoff Joe 79703 46148 2 80 105 1.02 090 095 1.05 1.00 1.05 1.04 1.05 100 1.019 1.016 1.013 1.023
10930 Baldock Slough - S Baker Intch 45596 16552 1 91 105 101 1.00 093 1.05 100 1.05 1.02 105 100 1014 1.016 1.016 1.019
10930 Baldock Slough - S Baker Intch 2139 1202 2 5 105 1.04 099 104 105 1.00 1.05 105 1.05 1.00 1.027 1.042 1.040 1.045
10939  Corbett Intch - Multnomah Falls 37511 -62861 4 75 1.05 089 097 1.02 1.05 1.00 1.05 1.00 000 1.00 0930 0915 0.908 0914
10874 Forge Rd - Lobert (S Unit) 8629 4459 1 17105 101 082 1.03 104 1.00 1.05 1.02 105 1.00 1.017 1.013 1.005 1023
11294 Halsey Int. - Lane Co. Line, Lot 3 25528 4325 3 52 105 1.04 093 094 1.04 100 1.05 100 1.04 1.00 1007 1.005 1.004 1.010
11284 Halsey Int. - Lane Co. Line, Lot4 38064 8140 4 75 105 105 099 1.00 1.04 100 1.05 1.00 1.01 100 1.009 1.018 1.017 1.019
10941 Hayesville - Battle Cr 37613 7696 1 77 105 084 0.00 093 1.05 1.00 1.05 097 1.05 1.00 0989 0.896 0.860 0.945
11065 Jumpoff Joe Cr- N Grants Pass 16399 0 1 33 1.05 091 085 084 1.01 1.00 1.05 1.00 1.05 1.00 1.000 0968 0.964 0981
11065 Jumpoff Joe Cr- N Grants Pass 51608 27961 2 101 1.05 1.03 098 098 1.04 100 1.05 1.04 105 100 1.021 1.027 1.027 1.031
10462 Murphy Rd - Lava Butte 6303 3372 3 13 105 1.04 083 105 1.04 1.00 1.03 1.04 103 1.00 1020 1.029 1.026 1033
10462 Murphy Rd - Lava Butte 7279 1017 4 13 105 105 1.04 1.03 105 1.00 1.05 093 102 1.00 0894 1.010 1.007 1008
10462 Murphy Rd - Lava Butte 5596 23115 11 105 105 1.04 1.04 1.05 1.00 1.05 100 104 1.00 1.014 1.033 1.031 1.032
10462 Murphy Rd - Lava Butte 1644 1212 6 3 105 103 099 105 1.05 1.00 1.05 1.04 1.05 1.00 1.025 1.040 1.037 1.043
11573 Powell Butte - Prineville Airport 19944 5022 1 20 1.05 105 1.05 1.05 1.00 1.05 105 1.05 082 100 1.009 1.022 1.023 1.020
11256  Rufus - Arlington (W Unit) 75238 53795 3 150 1.05 1.05 098 1.04 105 1.00 1.05 1.05 103 1.00 1.026 1.040 1.039 1043
10949  Rufus - Arlington (E Unit) 43931 0 1 87 105 085 089 098 1.01 100 1.05 1.00 097 1.00 1000 0980 0.971 0.993
11468  Sunset Highway - Pacific Hwy 2401 1566 1 3 104 100 103 095 099 100 1.05 1.05 1.03 1.00 1018 1.018 1.021 1.021
11468  Sunset Highway - Pacific Hwy 4474 3872 2 6 101 105 087 101 1.03 1.00 1.05 1.05 105 1.00 1024 1.034 1.033 1.037
11468  Sunset Highway - Pacific Hwy 31613 25414 3 29 1.05 1.03 082 1.05 104 100 1.05 1.05 101 100 1022 1.022 1.015 1032
11245 Umatilla - McNary 10117 7871 1 19105 1.04 101 1.04 1.05 100 1.05 1.04 1.05 1.00 1025 1.041 1.040 1043
10952 W Marquam Intch - N Tigard Intch 33015 14208 1 65 1.05 103 0987 103 099 100 103 1.02 105 1.00 1014 1018 1.017 1.020
11015 Williamson R - Modoc Pt 5474 4659 1 11 1.05 104 085 1.05 1.05 1.00 1.02 1.05 105 100 1.023 1.027 1.021 1034
11572 Willowdale - Qualle Road 13847 21137 1 14105 1.04 1.04 1.03 105 1.00 1.05 1.05 000 100 0943 0951 0.951 0.941
11229 Wolf Cr - W Fork Dairy Cr 28381 6624 & 56 105 1.05 101 1.04 105 1.00 1.05 094 093 1.00 0989 1.003 0999 1.002

Average 1.005 1.001 0.998 1.006

Minimum 0.930 0.848 0.860 0.849

Maximum 1.027 1.042 1.040 1.045
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After the contractors have demonstrated an ability to document their performance on maintaining
mix and laydown temperatures within specifications, it is recommended that ODOT investigate
the best method to incorporate temperatures in the quality control/quality asurance program. The
process control data collected during the first phase of this implementation can be used to further
assess the impact of mix and laydown temperature on pavement performance. Provided that this
analysis indicates the expected relationship between mix and laydown temperatures and
performance, the composite pay factor would include temperatures and the recommended
weights (similar to alternate 3) for the constituent factors as listed in Table 5.11.

Table 5.11: Recommended Pay Factors Including Temperatures

Constituent Weight
3/4" (19 mm) 5
1/2" (12.5 mm) 5
1/4" (6.25 mm) 15
#10 (2 mm) 15
#200 (0.075 mm) 20
Moisture content 10
Asphalt content 24
Mix temperature 6

5.6 SUMMARY

This chapter evaluated information from the literature review, the field survey, and the
laboratory study, and recommended which factors affect performance, which factors should be
controlled during production, and how weights should be improved for F-mix pay factors.

Specifically, the following emerged from the evaluation of findings:

1) Survey responses and recent literature suggest that asphalt content and aggregate
gradation are the most important factors related to performance of porous pavement.

2) The results of the field survey and laboratory test program suggest that asphalt content
and aggregate gradation may affect short-term and long-term performance of F-mixes.
They were not clear with respect to the importance of mix moisture on performance.

3) If processes are effectively managed using statistical process control, control limits
should not be outside specification limits. Control limits were found to be outside
specification limits 93% of the time for 12.5 mm (1/2 in.) sieve, 64% of the time for the
6.25 mm (1/4 in.) sieve, 7% of the time for the 2 mm (#10) sieve and the 0.075 mm
(#200) sieve, 50% of the time for asphalt content, and 36% of the time for moisture
content.

4) QC data results were consistent with core results for the 12.5 mm sieve, the 6 mm sieve,
and asphalt content. Results from the two sources were not consistent for the 2 mm sieve
and the 0.075 mm sieve.
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5) Inall cases, the gradation of cores was finer than the QC data. All of the cores, however,
were taken from known problem sites. Further investigation is necessary to determine if
controlling aggregate at the cold feed is not adequate to ensure a specification product.

6) Three alternatives for pay factor weights were analyzed. It is recommended that
Alternative 3 weights be used, since it most closely relates to the findings from the
literature review and expert survey. As shown in Appendix G, applying these weights to
the 208 production lots available resulted in shifting the average composite pay factor
from 1.012 to 1.016.
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6.0 IMPLEMENTATION PLAN

The findings from this study should be implemented in the following way:

1)

2)

3)

4)

Specification Committee. The results of this study should be turned over to the ODOT
Specification Committee as soon as possible. This will allow decisions to be made
relative to implementation of these recommendations at the fall meeting. Pilot
implementation could then begin as early as the 1999 construction season.

Field Test of New Specification. The first phase of the control and pay factor
recommendations could be included in pilot projects for the 1999 season. This includes
implementing the pay factor changes documented in Table 5.9, as well as measuring mix
temperature to see if it should be included as a pay factor. Use of these weights to
calculate a composite pay factor for porous pavements will allow the pay factor to reflect
the factors that most influence performance in porous pavements.

Training in QC/QA. Agency and contractor personnel should consider training in order
to understand the value of using control charts for process control, in addition to training
on the mechanics of using control charts. Both agency and contractor personnel should
be trained (through the Certified Asphalt Technician Program of APAO) in the
implications of the new QC/QA specifications prior to the full implementation.

Monitoring Projects. Projects constructed with the new specification should be carefully
monitored to determine whether the pay incentives and disincentives are appropriate. If
mix temperature proves to be an important factor to control, then adoption of the
weighting factors given in Table 5.11 should be considered.
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7.1

7.0 CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Based on the findings in this study, the following conclusions appear warranted:

1)

2)

3)

4)

7.2

Experiences of others indicate the factors to be controlled should include asphalt content,
gradation, and moisture. Most agencies do not control compaction (or voids) of porous
mixes.

The survey of projects in Oregon indicate, for the most part, that F-mixes perform very
well. Problems were noted on some projects which included fat spots, raveling, and
rutting. Some of the older projects are now beginning to fatigue crack. The results of the
laboratory study suggested that the fat spots and rutting generally occurred where there
was excess asphalt and/or a fine mix.

An evaluation of all data resulted in specific suggestions for factors to control (aggregate
gradation, asphalt content, mix moisture, etc.) and recommendations for new pay
adjustment schedules. In general, more weight was given to the finer sieves and less
weight given to moisture content and asphalt content.

A plan for implementing the study findings was developed. It includes both field trials as
well as training of personnel.

RECOMMENDATIONS FOR FURTHER STUDY

Recommendations for further study include:

1))
2)

3)
4)

3)

Modifications to the current mix design process are needed to improve repeatability.

Re-evaluation of the QC/QA practices for all mixes to ensure that the use of the process
is consistent with normal practices.

Continuation of training of personnel in QC/QA technologies.

Development of methods for incorporating mix and laydown temperature in pay factor
calculations.

Continuation of studies to determine whether moisture can be eliminated as a pay factor.
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APPENDIX A

QUESTIONNAIRE SURVEY



INTRODUCTION

A survey was administered to various national and international agencies inquiring about their
knowledge and experience of porous pavements, as part of a larger research effort to develop an
improved specification for porous pavements which would contain pay incentives and
disincentives. ODOT presently has pay adjustment factors for dense-graded mixes based on an
evaluation of constituents including asphalt content, gradation, compaction, and moisture
content. Since this study is to establish appropriate pay factors for open-graded mixtures, the
survey was designed to learn about how other agencies were dealing with specifications and
adjustment factors for porous pavements.

APPROACH USED

During June and July 1995, the survey presented in Figure A.1 was mailed to the individuals
listed in Table A.1. Of the 28 individuals listed in the table, 24 responded for an 86% response
rate. One of the respondents did not fill out the survey but provided a letter and copies of the
appropriate specifications. Thus, for all practical purposes the data provided below is compiled
from 23 survey responses. Table A.1 also indicates which agencies responded to the request and
if they provided copies of specifications. The names and addresses of the respondents are
provided in the final section of this appendix. The initial letter requesting information is
provided in Figure A.2 and the reminder letter is included in Figure A.3. The following section
details the information obtained from the survey.
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POROUS MIX SURVEY FORM

Name: Address:
Position:
Phone No.:
Fax No.:
1. Have you been involved with the construction of an open-graded asphalt surface

mix during the past five years?

a. Yes

b No
L Briefly explain why you have not used open-graded asphalt mixes, then
return this questionnaire.

2. What factors most affect the performance of open-graded surface mixes placed in
your state (circle one number for each)

a) Asphalt content

b) Aggregate gradation

¢) Compaction

d) Aggregate moisture content

e) Other

Very
Important
5 4
5 4
5 4
5 4
5 4

Not
important
3 2 1
3 2 1
3 2 1
3 2 1
3 2 1

Figure A.1: Survey




4.

a) Rutting
b) Bleeding
c) Raveling

d) Other

What are the most common types of failures in open-graded asphalt mixes?

Very
important

5 4
5 4
5 4
5 4

a)

b)

What factor is the primary cause of failures?

Rutting
D Too much asphalt

[j Asphalt type selection

D Aggregate gradation

D Other

Bleeding

D Too much asphalt:

D Draindown

c)

D Other

Raveling

[:I No antistrip
D Too little asphalt

D Other

Not
Important

1
1

1

Figure A.1: Survey (continued)
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5) Do your specifications contain provision for pay adjustment?

Yes [::I No
L Sa.  What factors control the pay adjustment?

D asphalt content
[:] aggregate gradation

D aggregate moisture content

D compaction

D other

5b.  Please provide the basis for the pay adjusment and a copy of your
current specifications for open-graded asphalt mixes.

6) Do you use stone matrix asphalt (SMA) mixes in your state?

Yes D No
[—_> 6a. Is there a pay incentive/disincentive provision for these mix types?

D Yes l:] No

6b.  Please provide the basis for the pay adjustment and a copy of your
current specifications for SMA.

7) Do you have any current research dealing with open-graded asphalt surface
courses?

Yes D No
L 7a.  What is the title of the study and the scope of work?

Please return the survey form to: R. Gary Hicks
Associate Dean - Research & Graduate Studies

Oregon State University

Engineering Research Office

Covell Hall 140

Corvallis, OR 97331-2406

PH: 503-737-5318; FAX: 503-737-3462

Figure A.1: Survey (continued)
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Table A.1: List of Survey Recipients

Agency Survey Sent to RSelsl;:,):n);e Response from Inscf:g;: d

Arizona Department of Transportation | Douglas A. Forstie Yes Douglas A. Forstie No

Arkansas State Highway Department | Jim Gee Yes Jim Gee No

California Department of Roy Bushey Yes Jack Van Kirk Yes
Transportation

Connecticut Department of Charles E. Dougan Yes Charles E. Dougan No
Transportation

Florida Department of Transportation | L.L. Smith Yes Gale C. Page Yes

Georgia Department of Transportation | Ronald Collins Yes Ronald Collins Yes

Kansas Department of Transportation | Lon S. Ingram Yes Rodney Maag No

Louisiana Department of Jarvis J. Poche No
Transportation -

Louisiana Transportation Research Harold R. Paul Yes Harold R. Paul Yes
Center

Maryland State Highway Samuel R. Miller, jr. Yes Samuel R. Miller, jr. Yes
Administration

Massachusetts Highway Department Leo C. Stevens, jr. Yes Leo C. Stevens, jr. No

Michigan Department of James D. Culp Yes Douglas Coleman No
Transportation

Nevada Department of Transportation | Jack Montrose Yes Ledo Quilici No

New York Department of Paul J. Mack Yes Gary Frederick Yes
Transportation

Texas State Department of Highways | Katherine Hargett Yes Maghsoud Tahmoressi No
and Public Transportation

Vermont Agency of Transportation Robert F. Cauley Yes Charles E. Jerd No

Washington Department of Rodney G. Finkle Yes Robyn Moore Yes
Transportation

Belgium Bernard Eckmann No

France Jacques Bonnot Yes Jacques Bonnot No

Delft University of Technology, The | Andre Molenaar Yes P.C. Hopman No
Netherlands

Spain Jaime Gordillo Gracia Yes Jaime Gordillo Gracia Yes

Swiss Federal Laboratories, Manfred N. Partl Yes Manfred N. Partl No
Switzerland

City of Johannesburg, RSA Emile Horak Yes H. D'Amico No

Transportation Research Laboratory, D.M. Colwill No D.M. Colwill Yes
United Kingdom

Switzerland K. Suter Yes Dieter Baer No

Switzerland D. Claivaz No

IVT Swiss Federal Institute of M. Caprez Yes Martin Horat No
Technology, Switzerland

LAVOC Department of Civil A. G. Dumont No

Engineering, EPFL, Switzerland




ENGINEERING
RESEARCH
OFFICE

R Gary Hicks, Director

OREGON
STATE
UNIVERSITY

140 Covell Hall
Corvallis, Oregoa
97331- 2406

Telephcne
1 737 5318

Fax
41-737 ™62

June 1, 1995

fname)
{address)

"QC/QA Procedures for Open-Graded Mixes"

SUBJECT:

Salutation)?;— SN S _ _ N

We are currently engaged in an SPR study for Oregon DOT to develop an improved
specification for porous pavements, one which contains pay incentives and disin-
centives. Oregon has placed over 600 centerline miles of porous pavements in the
past 5 years. Though the performance has generally been very good, there are
isolated cases where performance has been less than satisfactory. Typical
problems include:

1) Draindown during mixing/transport resulting in fat spots in the mix.
2) Eary deformation due to excess asphalt and/or aggregate degradation.
3) Raveling due to loss of bond between the asphalt and aggregate.

ODOQT presently has pay adjustment factors for dense-graded mixes based on an
evaluation of constituents (asphalt content, gradation, compaction, moisture
content); this study is to establish appropriate pay factors for open-graded mixes.

The purpose of this letter is to request a few minutes of your time to complete the
attached survey and provide us with copies of your current specifications and
relevant reports which would assist us with improving the specifications for porous
pavements used in Oregon. '

Please do not hesitate to contact me if you have questions.

Very truly yours,

R. Gary Hicks
Associate Dean
Research and Graduate Studies

lid

Enc!

cc Liz Hunt
Jeff Gower

Figure A.2: Letter Sent with Survey
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ENGINEERING
RESEARCH
OFFICE

R. Gary Hicks, Director

OREGON
STATE
UNIVERSITY

140 Covell Hall
Corvallis, Oregon
973312406

Te.zphone
M1 737 5318

fFax
M1 737 3462

June 19, 1995

"QC/QA Procedures for Open-Graded Mixes"

SUBJECT:

We are currently conducting an SPR study for Oregon DOT to develop an improved
specification for porous pavements, one which contains pay incentives and
disincentives. We recently mailed you a brief survey and requested copies of your
current specifications and relevant reports which might assist us with improving the
specifications for porous pavemeants.

We realize that your time is very valuable. If you've already filled out the
questioanaire and returned it, thank you for your willingness to contribute to our
study. If you haven't completed the questionnaire and returned it, we would greatly
appreciate you doing so by July 15. If you are unable to respond in a timely fashion.
please ask an appropriate individual within your organization to respond to our
request.

Please do not hesitate to coatact us if you have questions. We thank you ia advance
for the contribution you will make to our research effort.

Sincerely,

R. Gary Hicks
Associate Dean
Research and Graduate Studies

. Kimberly D Beaumariage
i Assistant Protessor
: Industrial Engineering

Figure A.3: Reminder Letter




RESULTS

The first question on the survey inquires if the respondent was involved in the construction of an
open-graded asphalt surface mix during the past five years. Figure A.4 illustrates that 16 of 22
respondents (or 72.7%) had been involved in the construction of open-graded mixes in the past
five years while the remaining 6 respondents had not. Table A.2 indicates which respondents
were involved with open-graded mixes, and Table A.3 provides the reasoning for not using open-
graded asphalt mixes from the individuals who indicated they had not been involved with them.

Figure A.4: Construction of Open-Graded Mixes in Past 5 Years

Table A.2: Respondents with Open-Graded Asphalt Experience

Agency Response from
Arizona Department of Transportation Douglas A. Forstie
California Department of Transportation Jack Van Kirk
Florida Department of Transportation Gale C. Page
Ronald Collins

Georgia Department of Transportation

Maryland State Highway Administration

Samuel R. Miller, jr.

Massachusetts Highway Department

Leo C. Stevens, jr.

Nevada Department of Transportation

Ledo Quilici

Texas State Department of Highways and Public Transportation

Maghsoud Tahmoressi

Charles E. Jerd

Vermont Agency of Transportation

Washington Department of Transportation Robyn Moore
France Jacques Bonnot
The Netherlands P. C. Hopman
Spain Jaime Gordillo Gracia
Switzerland Dieter Baer

City of Johannesburg H. D'Amico
United Kingdom D. M. Colwill
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Table A.3: Reasons for Not Using Open-Graded Asphalt Mixes

Respondent

Reason

Arkansas

Arkansas stopped using open-graded asphalt surface mix (friction course) approximately 5 years
ago. After good, initial drainage performance, the voids would begin to fill, causing moisture
retention, prolonged freezing, and snow and ice removal problems. Failure would be evidenced
by underlying layers rutting (due to water penetration) or by raveling of the surface aggregate.

Connecticut

1) The time trame tor proper placement is limited to May I3 through October I with a
temperature requirement of 60o+ for air and base.

2) O.G.F.C. are very sensitive to temperature and moisture during production and placement.
Much of our paving on interstate roadways is now done at night where dampness and
temperature could be a problem.

Kansas

During winter snow and 1ce storms, the open-graded mix sometimes filled with water and froze
solid. They developed an icy surface. It took two or three times the amount of salt and number
of treatments to melt the ice from the surface and within the open-graded mix.

Louisiana

Moratorium was placed on ACFC construction in 1984 due to end of service life on older
pavements (10+ years) and extensive raveling on newly constructed ACFCs.

Maryland

We discontinued the use of open-graded asphalt surface mixes in approximately 1993 due to
severe raveling of the mix during periods of severe winter weather. We now use SMA for the
surface of our flexible and composite interstates and similar highways.

Michigan

Open-graded mixtures placed in the late 70s failed to perform. After looking mto failures, it
would appear the open-graded mixture was okay. However, the leveling courses all failed
because of stripping, caused by water pressure/pumping from the surface.

New York

Open-graded mixes are only used for prevention of hydro-planing/wet weather accident
reduction. Accident history must show wet weather related accidents. Open-graded mixes only
receive limited use.

The second survey question pertains to the factors that most affect the performance of open-
graded surface mixes. A five-point Likert scale was used to express the importance of each
factor with “5” indicating “very important” and “1” indicating “not important.” The results for
this question are shown in Figure A.5 and indicate the average level of importance of each factor.
As shown in the graph, asphalt content and aggregate gradation were both indicated as important
factors affecting performance. The respondents were also asked to list other factors if
appropriate. Table A.4 presents the other factors listed and the corresponding respondent.

Level of Importance

Asphalt Content ~ Aggregate Gradation Compaction Apggregate Moisture
Content

Figure A.5: Factors Affecting Performance
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Table A.4: Factors that Most Affect Performance

Respondent Factor
California e mMix Placement temperature
o ambient and pavement surface temperature
Florida o aggregate type and friction
Georgia ¢ use of polymers and fibers
Maryland e stripping
e placement temperatures
Massachusetts e ambient temperature
Nevada - mixing
e Weather
Washington e consistency of product
France o asphalt binder grade
Spain e asphalt grade
Switzerland e quality of materials
Switzerland e type of binder

The third question on the survey relates to the most common types of failures in open-graded
asphalt mixes. Again, a five-point Likert scale was used to express the extent of each type of
failure with “5” indicating “very important” and “1” indicating “not important.” The results for
this question are provided in Figure A.6 and indicate the average level of importance of each
factor. According to the survey respondents, raveling is the most common failure type. The
respondents were also asked to list other types of failures if appropriate. Table A.5 presents the
other factors listed and the corresponding respondent.

Level of Importance

Raveling Bleeding Rutting

Figure A.6: Most Common Failure Types

Table A.5: Most Common Types of Failures

Respondent Failure Type
Florida e lowFN
Georgla e Oxidation
Massachusetts o delimination
The Netherlands e stripping (bottom of open graded course)
Spain e clogging
Switzerland e clogging
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The fourth survey question discussed the primary cause of failures of various types. The
respondents were asked to check the causes that were relevant in each case, and to list other
cause of failures if appropriate. The results for this question are provided in Figures A.7, A.8,
and A.9. Figure A.7 provides information on rutting, Figure A.8 on fat spots, and Figure A.9 on
raveling. With respect to rutting, too much asphalt and aggregate gradation were the most
frequently cited cause of rutting failures. In regard to fat spots, draindown was the most
frequently given cause of failure. The most frequently cited cause of raveling failures was too
little asphalt. Tables A.6, A.7, and A.8 present the other causes of failures for rutting, fat spots,
and raveling, respectively.

Number of Responses

Too Much Asphalt Aggregate Gradation Asphalt Type Selection

Figure A.7: Primary Factors Causing Rutting Failures

Table A.6: Primary Cause of Rutting Failures

Respondent Cause
Massachusetts o thickness of application
Washington o underlying pavement (structural)
o studded tire wear
City of Johannesburg e compaction
Switzerland e construction quality

Number of Responses

Draindown Too Much Asphalt

Figure A.8: Primary Factors Causing Fat Spots Failures
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Table A.7: Primary Cause of Fat Spots Failures

Respondent Cause
Arizona e high P200

Number of Responses

L= S - ]

Too Little Asphalt No Antistrip

Figure A.9: Primary Factors Causing Raveling Failures

Table A.8: Primary Cause of Raveling Failures

Respondent Cause
Arizona e Placed when weather is cold.
o Inadequate tack coat.
California e Mix placement.
e Ambient, and surface temperature.
Georgia o Oxidized asphalt binder.
e Poor construction practices.
Maryland e Aging of the asphalt binder.
Massachusetts e Lay down temperature.
Nevada s Moisture sensitivity of the aggregate.
New York o Lift thickness too thin.
o Stripping of the asphalt mix.
. e Late season paving or cold weather paving.
Washington o Trapping water in OGAP.
e Too high void content (28-30%) with very low sand content
ibitics formula. .
o Too hard binder (or too susceptible to aging, or too high
temperatures at the mixing plant).
The Netherlands o Draindown leading to localized spots of low asphalt.
Spain e Lack of compaction.
e Mix applied at very low temperature.
Switzerland e Mix and paving temperatures (e.g., overheating of binder).

The fifth question on the survey inquired about the use of specifications which contain provision
for pay adjustment. Figure A.10 indicates that most agencies (11 agencies or 64.7%) did NOT
have specifications for pay adjustment. Figure A.11 indicates the factors which were used to
control pay adjustment by the six agencies that indicated they had specifications providing for it.
All six agencies use some form of aggregate gradation and four of the six use asphalt content as a
pay factor. Table A.9 lists other factors used for pay adjustment.
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Yes 35.3%

'Yes 6
No 11

Figure A.10: Have Specifications For Pay Adjustment?

Number of Responses

Aggregate Asphalt Content Compaction Aggregate
Gradation Moisture Content

Figure A.11: What Factors Control Pay Adjustment?

Table A.9: Other Factors Used for Pay Adjustment

Respondent Factor
Louisiana e anti-strip - failure to add - 90%.
e asphalt - deviations from specifications.
Washington » _ weighting factor for each screen.

The sixth survey question dealt with the use of SMA mixes. Of the 21 respondents who
answered this question, 11 indicated they had used SMA mixes, as illustrated in Figure A.12.
Figure A.13 indicates that three agencies actually have pay provisions for SMA mixes. Table
A.10 presents details provided in the survey responses concerning the use of SMA mixes.

Yes 11
No 10

Figure A.12: Number of Respondents Using SMA Mixes
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B Y cs 30.0% |

= Yes 3
INo 7

Figure A.13: Number of Respondents with Pay Provisions for SMA Mixes

Table A.10: SMA Mix Usage

Respondent Type of Usage
Arizona Arizona has built two test sections of SMA mixes, each one mile long.
Arkansas Arkansas has placed SMA mixes an experimental project and is still evaluating results.
California California has two experimental SMA projects.
Georgia Georgia uses SMA mixes. Due to the importance of aggregate gradation in SMA mixes,
the tolerances for dense graded mixes were reduced by 25%.
Louisiana Louisiana is using SMA mixes experimentally. Four projects are complete and four more

are to be let.

Finally, in question 7, respondents were asked if they were currently doing research on open-
graded mixes. Figure A.14 indicates that 7 of 20 respondents to this question were doing
research on open-graded mixes. These respondents included: Georgia, France, the Netherlands,
Spain, and Switzerland.

Yes 7
No 13

Figure A.14: Number of Respondents Doing Research on Open-Graded Mixes

Table A.11 provides the specific responses used to generate the graphs shown in this section of

the appendix.
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LIST OF SURVEY RESPONDENTS

Douglas Forstie

State Materials Engineer
1221 N. 21st Avenue
Phoenix, AZ 85009
Phone: 602-255-7286
FAX: 602-255-8138

Jim Gee

Materials Engineer

P.O. Box 2261

Little Rock, AR 72203
Phone: 501-569-2185
FAX: 501-569-2400

Jack Van Kirk

Senior M & R Engineer
CALTRANS

5900 Folsom Blvd.
Sacramento, CA 95819
Phone: 916-227-7300
FAX: 916-227-7242

Charles E. Dougan

Manager of Research and Materials
Connecticut Dept. of Transportation
Office of Research and Materials
280 West Street

Rocky Hill, CT 06067

Phone: 203-258-0372

FAX: 203-529-0323

Gale C. Page

State Bit Materials Engineer

Florida DOT/ State Materials Office
2006 NE Waldo Road

Gainesville, FL 32609

Phone: 904-372-5304

FAX: 904-334-1648

Ronald Collins

State Materials and Research Engineer
Georgia Department of Transportation
Office of Materials and Research

15 Kennedy Drive

Forest Park, GA 30050

Phone: 404-363-7510

FAX: 404-363-7684

Rodney Maag

Materials Field Engineer

Kansas Department of Transportation
Docking State Office Bldg., Room 1011N
Topeka, Kansas 66612-1568

Phone: 913-296-3711

FAX: 913-296-6665

Skip Paul

Materials Research Manager
LTRC

4101 Gourrier Avenue
Baton Rouge, LA 70808
Phone: 504-767-9124

FAX: 504-767-9108

Samue] R. Miller, Jr.

Deputy Chief Engineer

Office of Materials and Research
Maryland State Highway Administration
2323 W. Joppa Road

Brooklandville, MD 21022

Phone: 410-321-3538

FAX: 410-321-2208

Leo C. Stevens, Jr.

Research and Materials Engineer
400 D. Street

South Boston, MA 02210-1953
Phone: 617-526-8686

FAX: 617-526-8696



LIST OF SURVEY RESPONDENTS (continued)

Douglas Coleman

Bituminous Engineer

Michigan Dept. of Transportation
Materials and Technology Division
P.O. Box 30049

Lansing, MI 48909

Phone: 517-322-5672

FAX: 517-322-5664

Ledo Quilici

Principal Bituminous Engineer
Nevada Dept. of Transportation
1263 South Stewart

Carson City, NV 89712

Phone: 702-687-5520

FAX: 702-687-4846

Gary Frederick

CEI

New York State Dept. of Transportation
1220 Washington Avenue

Albany, NY 12232

Phone: 518-457-4582

FAX: 518-457-8171

Maghsoud Tahmoressi

Bituminous Engineer

Texas Dept. of Transportation/MAT
125 E. 11th Street

Austin, TX 78701

Phone: 512-465-7603

FAX: 512-302-2288

Charles E. Jerd

Bituminous Concrete Supervisor
Vermont Agency of Transportation
State Administration Building

c/o Materials and Research Division
Montpelier, VT 05633

Phone: 802-828-2561

FAX: 802-828-2792

Robyn Moore

Pavement Engineer
WSDOT

Materials Lab

P.O. Box 167

Olympia, WA 98507-0167
Phone: 360-753-7110
FAX: 360-586-4611

J. Bonnot

Technical Director

LCPC

58 Boulevard Lefebvre
75732 Paris cedex 15
FRANCE

Phone: 33 (1) 40 43 54 23
FAX: 33(1)4043 5493

P. C. Hopman

Associate Professor

Road and Railroad Lab

Delft University of Technology
P.O. Box 5048

2600 GA Delft

THE NETHERLANDS

Phone: (1) 31 15 78 4246
FAX: (1) 31 15 78 3443

Jaime Gordillo

Carrera de San Jeronimo, 14
28014 Madrid

SPAIN

Phone: 34-1-522 64 90
FAX: 34-1-522 27 87

Manfred N. Partl

EMPA Dubendorf

Head of Section Road Engineering/
Sealing Components

Swiss Federal Laboratories

CH-8600 Dubendorf

Phone: +41-1-823 55 11

FAX: +41-1-82162 44



LIST OF SURVEY RESPONDENTS (continued)

H. D’ Amico

Research and Materials Manager
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DEVELOPMENT OF MIXING AND COMPACTION TEMPERATURES
FOR F-MIXES

This appendix presents the temperature-viscosity curves for the asphalts used in the projects
described in Chapter 3. Also included is a summary of the ODOT recommended mixing and
compaction temperatures for the jobs. The temperatures are based on the following viscosity
ranges for mixing and compaction (ODOT, 1994):

Recommended Viscosity, cs

Application B-Mixes F-Mixes
Mixing 150-190 700-900
Compaction 250-310 1200-1600

The importance of controlling these temperatures has been discussed in the body of the report. It
directly affects the occurrence of draindown of the asphalt and fat spots in the mat.
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LABORATORY TEST DATA

This appendix contains the detailed results for the laboratory tests done at both the ODOT and
the OSU labs. All of the data from one project are presented before data from a different project

is presented.

The first page of each data set lists the volumetric measurements of the cores sent to OSU. A
summary table shows the minimum, maximum and average value, along with the standard
deviation and coefficient of variation.

Tabulated on the second page are the results of the gradation testing done by ODOT. Included
on the table is the minimum, maximum and average value, along with the standard deviation and
coefficient of variation. The graph below the table provides a plot each core’s gradation along
with the project’s specified gradation.

The final page of data for each project contains two tables. The first table shows the difference
between the target gradation and the upper design limit or core. This table allows one to see how
far from the target and the upper design limit each core is. The second table displays a summary
of the ODOT volumetric measurements for each core. Included on the table is the minimum,
maximum and average value, along with the standard deviation and coefficient of variation.

Laboratory Data for Following Projects — OSU Data

Project Pages
Wolf Creek-W. FOTKk Dairy CIEeK .......ccvieiiriieieicieeeesreesiesiesssecasecssesssssessssesssesssessnssssesssnssssses 2-4
Rufus-Arlington (E. Unit)scussssnminwmaisimsmibmiviims e iessasis s osbsr i 5-7
Baldock S1ough-S. BaKET ......cccoieiiiririeiriiiieeericeiee et ete e eseestestseaesraesresbeestessnessesaneneees 8-10
Forge RA.-LODETt Rd. .......oiciiiiiiieeeceeceee ettt n e st 11-13
AzZalea-JUMPOTE JOE .....ooiiriiiiiiiiiesceee ettt e be e me e 14-16

17-19

Halsey-Lane County LiNE ........cccccuvvieiiiiiieiieieieite e cceeeee e e seeve e eseesse s s esnesessssenesasensns
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QA TEST DATA PLOTTED ON CONTROL CHARTS



QA TEST DATA PLOTTED ON CONTROL CHARTS

Contractor process control data were not available for analysis, but ODOT quality assurance data
were available. For all of the projects where there was a sufficient amount of QA test results, the
researchers charted the data as though they were QC data to determine how often the data would
have indicated a need to consider corrective action. Table 5.2 indicates the projects and factors
for which charts were created. These charts are provided on the following pages. On the charts,
an “X” indicates that a corrective action might be necessary.

In reviewing these charts, the reader must realize that the charts use control limits and not
specification limits to determine when corrective action might be necessary. It is desirable for
the control limits to be within the specification limits. Table 5.3 indicates whether the control
limits were within the specification limits for each of the projects and factors charted.
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X-bar Chart for 1/4" Sieve
Corbett Int. - Multnomah Falls
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X-bar Chart for 1/4" Sieve
E. Pendleton - Emigrant Hill (Lot 2B)
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X-bar Chart for 1/4" Sieve
Baldock Slough - S. Baker (Lot 1)
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X-bar Chart for 1/4" Sieve
Jump Off Joe - North Grants Pass (Lot 1)
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X-bar Chart for #200
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X-bar Chart for 1/4" Sieve
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X-bar Chart for #200
Jump Off Joe - North Grants Pass (Lot 2)

 ven = 4.26

2.5
LCL = 2.44
2
0 4 8 12 16 20 24 28 32 36 40 44 48
n
X-bar Chart for Asphalt
Jump Off Joe - North Grants Pass (Lot 2)
5.4 3
UCL = 5.20
5.2
H
©
Q
| )
o A AT
V VT
Q.8
* LCL = 4.69
4.6
0 ] il 12 16 20 24 2@ 32 36 40 44
n
X-bar Chart for Moisture
Jump Off Joe - North Grants Pass (Lot 2)
UCL = 0.34
0.33
CL = 0,25
0.28
; \ A Af\ N
0
*0.23 \vﬁw/ \! \/ \\J v y \/ K
0.18
¥ LCL = 0.16
0.13
a 1 ] 12 16 20 zi 28 36 4D 44 4
0

D-23



X-bar Chart for 1/4" Sieve
Azalea -~ Jumpoff Joe (Lot 2)
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X-bar Chart for 1/4" Sieve
Halsey Int. - Lane Co. Line (Lot #3)
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X-bar Chart for #200
Halsey Int., - Lane Co. Line (Lot #3)
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ODOT’s

Pay Adjustment Schedule
and Estimated Equation for Sample Size n=5

Pay Schedule Estimated Equation
PF PF
1.05 1.05
1.04 1.04
1.03 1.03
1.02 1.02
1.01 1.01
1.00 1.01
0.99 0.99
0.98 0.98
0.97 0.97
0.96 0.96
0.95 0.96
0.94 0.95
0.93 0.94
0.92 0.93
0.91 0.92
0.90 0.91
0.89 0.90
0.88 0.89
0.87 0.88
0.86 0.87
0.85 0.86
0.84 0.85
0.83 0.85
0.82 0.84
0.81 0.82
0.80 0.81
0.79 0.81
0.78 0.80
0.77 0.79
0.76 0.78
0.75 0.77

E-3

ESTIMATED PAY EQUATION
PF =105 - 0.032 * PD"1.655

OCPLOT Results

AQL

Ave. PF

1.05
1.041
1.029
1.018
1.004
0.985
0.957
0.922
0.887
0.854
0.823
0.796

0.78
0.765



ODOT’s
Pay Adjustment Schedule
and Estimated Equation for Sample Size n=10 to 11

Pay Schedule  Estimated Equation

PWL PD PF PF
= = = == ESTIMATED PAY EQUATION
100 0 1.05 1.05 PF =105 - 0.0638 * PD*1.573
94 6 1.04 1.04
91 9 1.03 1.03
88 12 1.02 1.02
86 14 1.01 1.01 OCPLOT Results
84 16 1.00 1.00
82 18 0.99 0.99 PD Ave. PF
80 20 0.98 0.98
78 22 0.97 0.97 0 1.05
77 23 0.96 0.96 S 1.038
75 25 0.95 0.95 10 1.021
74 26 0.94 0.94 15 0.999
72 28 0.93 0.93 20 0.978
71 29 0.92 0.92 25 0.96
69 31 0.91 0.91 30 0.928
68 32 0.90 0.90 35 0.889
67 33 0.89 0.89 40 0.85
65 35 0.88 0.88 45 0.811
64 36 0.87 0.87 S0 0.776
63 37 0.86 0.86 35 0.764
61 39 0.85 0.85
60 40 0.84 0.84
59 41 0.83 0.83
58 42 0.82 0.82
57 43 0.81 0.81
55 45 0.80 0.80
54 46 0.79 0.79
53 47 0.78 0.78
52 48 0.77 0.77
51 49 0.76 0.76
50 50 0.75 0.75
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ODOT’s
Pay Adjustment Schedule
and Estimated Equation for Sample Size n=70 to 200

Pay Schedule  Estimated Equation

PWL PD PF PF
T T o ESTIMATED PAY EQUATION
100 0 1.05 1.05 PF =105 - 0.3287 * PD*1.2389
97 3 1.04 1.04
95 5 1.03 1.03
94 6 1.02 1.02
93 7 1.01 1.01
% 10 0.99 0.99 D Ave. PF
88 12 0.98 0.98 - -
87 13 0.97 0.97 0 1.05
86 14 0.96 0.96 5 AQL 1.027
85 15 0.95 0.96 10 0.995
83 17 0.94 0.94 15 0.959
82 18 0.93 0.93 20 0.919
81 19 0.92 0.92 25 0.877
80 20 0.91 0.92 30 0.841
79 21 0.90 0.91 35 0.805
77 23 0.89 0.89 40 0.762
76 24 0.88 0.88
75 25 0.87 0.87
74 26 0.86 0.86
73 27 0.85 0.85
72 28 0.84 0.85
71 29 0.83 0.84
70 30 0.82 0.83
69 31 0.82 0.82
67 33 0.80 0.80
66 34 0.79 0.79
65 35 0.78 0.78
64 36 0.77 0.77
63 37 0.76 0.76
62 38 0.75 0.75

E-5



APPENDIX F

Cp ANALYSIS



Cpx ANALYSIS

Cok 1s a performance index which reflects the current process mean’s proximity to either the
upper specification limit or lower specification limit. In order to determine the greatest
opportunities for contractor process capability improvement, C,y values were calculated for the
following sieves: .075 mm (#200), 2 mm (#10), 6.25 mm (1/4 inch), 12.5 mm (1/2 inch), 19 mm
(3/4 inch), and 25 mm (1 inch).

Cok is calculated by the following equation:

. | X-LSL USL-X
Cpx =min .
3s 3s

S

X = arithmetic mean
LSL lower specification limit
USL = upper specification limit

sample standard deviation

A value of Cpy less than 1.0 indicates that one should expect more than a small percentage of the
values for this factor would be outside the specification limits.

These Cpy values were graphed for both “successful” and “unsuccessful” projects. “Successful”
projects were defined as projects which did not require core analysis and “unsuccessful” projects
were defined as those requiring core analysis. The purpose in graphing the C, values was to
look for patterns and to see if there were significant differences in the patterns of successful
versus unsuccessful projects. As can be seen from the following charts, the patterns for
successful and unsuccessful projects were very similar. Please note that the values of Cy do
NOT represent a continuous distribution. Rather, values are connected by lines to indicate a
particular project.

As previously mentioned, values of Cpy less than 1.0 indicate an opportunity for improving
process capability. However, C values of 0 indicate that there is no problem with process
capability as is the case with the 25 mm (1 inch) sieve.

ALL of the Cy values for the 0.75 mm (#200) sieve were less than 1.0 and not equal to zero.
This indicates a significant opportunity for improvement. Similarly, the 19 mm (3/4 inch) and 2
mm (#10) sieves showed some difficulties with process capabilities (some Cy values less than
1.0) and, therefore, should not be removed from consideration.

F-1
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APPENDIX G

PAY FACTORS FOR PRIOR PROJECTS
USING RECOMMENDED PAY FACTOR WEIGHTS



PAY FACTORS FOR PRIOR PROJECTS USING RECOMMENDED PAY
FACTOR WEIGHTS

While the Technical Advisory Committee requested that this analysis be done, please note that
conclusions can NOT be drawn from this analysis. The purpose of pay factors is to influence
contractors to focus on improving performance on factors that impact pavement performance.
Therefore, one can not assess the impact of a pay factor change without the corresponding
influence on contractor behavior.

The following pages include detailed listing of the prior projects, the original composite pay
factor, and the alternative composite pay factors.

G-1



g o | abed

166'0 <¢86°0 186'0C 800k 00V SOL ¥0'L +O'L 00'L GOV LLO0 080 GO} SO} L L 019 VAZtS 1osloid Aepan0 G IsIQ 19701
6€0'L O¥0'L 6€0°} 120L 00'L 860 GO'L SO'L 00'L SO'L 20} SO'L GOl SOL Gl L Go9¢g 8l6. (1661) stoeloid Aepano +isid v10LL
w0l 8¢0°L 6€0'L <20l 001 SOl €0°F SO'L 00'L SO'L ¥O'L 1OV SOl SO'L 74 L 6819 Sv.0L /6 SN -d sdnysseq L2t
€e0’l €0l Zeo'l 220’ 00'L SOL vO'b SO'b 00L vO'L 20l 860 960 SOk 96 L 04251 ¥8z8c 1S UG 3N - 19 Aeg sodsg ¢eell
6560 0680 1160 200'L 00} SO} 1O SOL 00L SOV /80 000 SO'L GO'4 9F 14 v08 vilce 0Jogsumo.g - AMH oxeT 1aje1) 99501
000'L 8860 1660 SO0k 00'L SOl 00'L GO} 00} +0O'L 060 v80 €0} SO) /2 L 8ES) csiel 1S OpUOYH MN - 103 sllleAlo] £8801L
050'L  0S0°L 0S0'L 820k 00'b GOV GO'L GO'L 00L GOV SO} GO GO'L SO € L L0CL Wil (un g) ssed-Ag sijenrod 21601
160 8060 G160 060 00'L 000 00'L GO'L O00'L SO'L 20l /60 680 SOV G2 ¥ 198¢9- L1G.E Slled4 Yewouyniy - Yoju] 329100 6€601
S¥0°L  8€0’} LvOL 220'L  00'L ¥O) SO'L SO'L 00'L SOV GOL /60 #OL SO'L Gl ¢ LBl 862/ anolay 3|nbad €101 1
€20l Zeo'h 220l 6L0°L  00°L SOL SO'L SO'L 00l 2OL 060 ¥OL SO'L GO'L €2 ¢ 9269 8G/11 101 [I9mar - Jwwing sbuey 1se03 05201
w0l S€0°t 80l G20'L  00'L SO 0L SO'b 00L SOL vOL 960 GO'L SO'L 6 € 100¢ €8y Ja puzgg - Buuog/seweoeldy 9z/01
¥r0'L  €¥O'L $¥O'L G20l 00l GO'L ¥O'L POl 00l SO'L SO'L €0 SOL SO'L 9L ¢ 026y cl8L Ja puzge - bulog/seweoeld 9z/01
066'0 G860 8860 ¢66'0 001 SO} G660 20l O0'L ¥O'L ¥60 860 660 SOl G €4 €/88- GcLlE Py zus - nwayd ¢v.L0L
020’k 6101 1207 900k O0O0'L SOL 60 ¥O'L O0'L GO'L €01 +O'L ¥0'L SO'L 74 ¢d  cvel 8¢50}) Py zua - ynweyy €¥.01
966'0 8660 8660 4660 001 SO} 860 960 00'L ¥O'L 660 960 SO} SO'L /€ l4  €¥0L- oeell Py zua7 - ynwisyd €¥201
S¥0°L  ev0’L €¥0'L /20L  00'L GO'L SO'L GO'L 00b SO'L €0°L ZOh ¥O'L SO'L S [ 44 8616¢ (¥661) 01d UOEAIBSAId 310 WBD /ZYLL
PEO'L  l€0'L €€0'L 9L0°L  00°L ¥O'L LO'L GO'L 00'L SO'L ¥O'L LOL SO'L SO 8 [ 474" G68¢ 8ue” XNy Yo pAIg SIIiH 1Bpa) Z0¢LL
010t 1lOL B800'L LLO'L  00'L SO'L 00L SO'L Q0L SO'L 060 LOL #0'L SO'L 8 L 0621 620V PY 10 s19AIN - uenseqag aded 66501
L€0°L €20l 620'L ¥2O'L  00'b SO'L ¥OL SO'L 00 SO'L SOL 980 ¥OL SO Z€ L 8101 99291 SpIsABA IN SEWED - AS||EA SBWED 97801
v66'0 6160 1S6°0 ZLO'L 00L GO} SO'L GO'L Q0L GO'L €0°L €0°L 000 SO'L €l 4 clee olLes 1D SUn - apisABAA JIN SBWED £6901
LE0°L  8zZO')L 2EO'L ¥2O'L  00'L SO'L ¥O'L SOL 00 SOL €OL S60 10l SO L L g8¥¢ viog Y BOONISBN ST - py usjoolg 96211
0e0’t 6l0°L vcO'L 6LOTL  00'L ¥O'L €07 SOL OO'L SO'L ZOb 680 POl SOl Ol [ XA 4 808Y PY PuEliED - Y UBUMOOI]G L9601
0v0'L  2Zeo'L 9e0’L €20k 00'L €0'L ¥OL SOl 00'L GO'L GOl 960 €01 SOl Ol A 4% 8105 189 10 ysld - Je|d Jepinog gL LL
Ge0’l  9e0’L ve0’L 220k 00'L 0L SO'L SOl 00 ¥O'L 660 ¥OL PO'L SO L I 289¢ /8YS (6n3) any 1abieq - AMH suri yeg sclil
0s0°t 6v0°'L 6¥0'L 820'L 00'F SO'L SOL SO'L 00°F SO'L SOL ¥OL SO'L SO'L 6 b G¥S9 62¢8 1D J19ply - pH 1D lesg 6¥vlL
420°L  8z0'} 620°L OLO'L  0O'L Q0L 00'b SGO'L Q0L €0°L SO'L GO'L SO'L SO € € G8Y 99y| Yduj uosiagar N - yojul 19 sjeg 59ct )
8v0'L 8¥0'L 8¥0'L 820l 001 GO SOL SO 00L SOL ¥O'L SO ¥OL SOL 2L ¢ 2660} 19811 Yojuj uosiagsr N - Yo 1D eiieg S9€LL
620l OVO'L O¥O'L 120k 00L €0°L €0°L GO'L 00L SOL €0°L SO'L SO'L SOL  ef L 8lcel 8¢061 YOjuj uosiaysf N - Yojuf 1D sjued S9ELL
Sv0'L  0v0'L 2PO'L /2OL  00'L SO'L SO SO'L 00k SO'L 0L 660 PO'L GO'L S ¢ z2oct 6gle Y| Joxeq S - YBno|s ¥oopleg QL6
6101 9LO°L 910L ¥I0L 00F SO 20b SOL 00L SO'L €60 00'L 1OL SO 16 L 2586891 9655 o) Joxed S - ybnols xoopleg 0c601
€20’k €10k 9l0°L 6L0°L  00b SO'L ¥O'b SO'L 00T SO'L S60 060 ZOL SO'L 08 (AN 14514 €0.64 sor ygodwnr esfezy yiel|
6v8°0 €/8°0 8¥8°0 L¥60 001 SOl 260 GO'L 001 SOL 000 Z60 #O'L GOk L I viiel- 1219 8o yodwnr e3EZY PYEL|
€C60 6160 G26'0 Z£6'0 00L 000 V0L SO'L 0OL ZO'L €0°L SO'L 280 SOl € L 86lc L6¥1 Py sbuuds 1epag - uoibuly 9g1 L1
6E0°L S€0'L 9e0'L ¥20'L 00l SO'L ¥OL GO'L 00L POL €0°L 860 SOL SOL Sl L 99y §6¢. 1Q pues Hoys - jsuun] aded yary G0zl
€CL0 €190 Y90 9160 00L SOL ¥60 SO 00k ¥80 000 000 000 SOL A L 6¢S.- E€VGe 2’6 dN - 1g o atebajddy $9801
POl POl 2P0l SZO'L  00'L SO'L ¥OTL GO'L SOL SO'L ¥O'L LOL SO'L SOl €2 L 0149 SLLLL M AmH dyioed - py Hodity 8zzZ 1)
clol €101 210°) 900k 00k 860 1OV GO'L 00L €0 GBO 200k SO'L SOl G2 € 0041 £8vCl AmH 912UBMON - 1S PUZP G8ZLL

4dD [4dD [ 4dD | 4d0 JWOD SIOW HASY 00z O  OL %/l 2/ ¥/E Il S10T ON ®)1isnrav XIN 40 NOILD3S ON
€1V |2 17V} LTV [eaun) SHOLIVH Avd aNS# 101 3014d SNOL ANOD

SLOTFHNLXIN 4. HOH SIHOIFM HOLOVH AVd OL STONVHO 40 1OV

[QX|



9 Jo z abed

620k 9l0'}L 220t 8l0L 00} SOL 20l SOV 00L ¥O'L ¥O'L GB'0 960 GO'L /Ll I 8.lge 6./8 Py J8MO] - U7 SA0ID 114 15601
8¢0°L ¢c0'l €20l ¥20'L 00 SO ¥O'L GO'L SO'L Q0L LO'L /60 LOL tO'L &2 L ¢9/01 ce9el yow| Ao splo - puag |jamaled $Z60)
800} ¢66'0 000} 0OO'L 00} 1OV Z60 SO'L OOV SO} €0V 280 GO} GO'L 9l ¢ 6¢l 1€9/ AmH suipjeg - py pIug 09vLL
9v0'L  S¥0'L S¥O'L 920k 00°L SOV vO'L GO'b Q0L SO'L SO'L €0 SOl €0l 9 L €ley 9ee9 Amp sBuudg uselg - oxe ueibiw gyyLL
¢lo'L LL0'h 6001 LLOL  00b SO 2ZO0°L SO'L 00°L SO'L 880 Z60 SOl SO 8 L4 €96 0coy ¥ dIN - 10 weiblwg $0/01
l€0’L  0€0°L 1€0'L ¥L0L  00'L ¥O'L 00°b GO 00'L ¥0L +O'L ¥O'L SOL GOl Sl I 688L 15%2°1°12 JULIITH 991 - 4] P peayylg €pell
€v0'L  OPO°'L PO} Z2O'L 00'L SOl SO'L SO'L 00°L ¥O'L €0l 00F SOV GOV /I L 0895 €Lv8 uspamg s|jiI - sieo 103 €0ELL
6e0’l /€0l 80k 020l 00'b SO 20 SO'L Q0L SOL 0L ¥O'L ¥0'L SO'L 2 I 8V6E §8€9 (sired yreweyy|) ssedAg apisiseq LygLl
¢v0’l  SE€0°L 80l G20l Q0L SO vO'b SO'L 007 SO'L SOL 860 20'L SO'L /L L1682 1£68 | aseud (IH) ssedAg spig 3 0zzLl)
050°L 0S0°L 0S50} 0€0'L 00'L SO GO GO SO4 GOL GO'L SO'L GO'L GO'L € I c08lL 0201 L eseud (dy) ssedAg apis 3 0zzll
0v0'L 920°) 2e0’L 820’k 00'L SO'L SOL GOl SOl SO'L SO'L 880 ZO) SO'L € }  090¢ L6C) | 8seud (d¥) ssedAg apis 3 0zzi1
610°t  966°0 900°L GLO'L 00L GO} 2O'L SO'L O00'L GO'L LOL €60 +80 SO’ 84 8¢ /€16 €902 [iH Jueibiw3 - ju) uols|pusd 3 61LLLL
0/6'0 €680 926'0 L00'L 00L GO} Q0L SO'L 00'L GO'L 660 860 000 SOV 2l vZ 99l 599 litH Jueibiw3 - uj uols|pued 3 64111
1¥0'L  ¢v0'L ¥¥0'L 820'L  00L SO'L SO SO'L 00k SO'b SOL €O'L 00°b SO'L 14 € 0c¢lL 6.0¢ lIH JuelBiws - ) uojelpusd 3 61411
820°k 200l €l0°} 20l 00L SO GO'L SO'L O00'L SO'L €01 880 ¥80 SOl €2 L 6ell orLL [I'H Juetbits - ] uolelpuad 3 61111
8v0'L ZvO'L ¥O'L [20L 00L €0°L SO SO'L O00L GO'L SOV vOL SOL SO'L vl L ¢280l1 €06€L 1O UMY USID - dnoD Aepp BUQ PUT T SbbLL
vio'L  €lol olo'L ZLO'L  00'L ¥0'L GO'L SO'L 00'L SO'L S80 860 20°L SOl €81 L L6y 02816 awi - you| esMing 0LLLL
6€0°L  820°L €e0'L 920k 00L SO'L SOL SO'L 00°L SO'L €0°L ¥60 00°L GO 9 L 8eve 110€ 1or yoeeg uouue) - ug £sj00QqQ 0.801
vo0'L 1660 8660 S00'L 00'L SO'L 00l 860 00} SO'L 20} 860 980 GOl 2l € 94/ €195 sposloid Buined g 1s1a ££v0L
I¥0'L  ZE0')L 620°) €20k O00'b GO'L €0l SO'L 00L GOL SO'L 20°b ZOL SOl 9 ¢ 96l vele sjosloid Buined g 181 ££¥01
¥20’L  £00°l SLO'L €1L0°L  00L SO'b 00'L SO'L O00'L SO'L GO'L ¥60 €60 GOV €L | 7 X4 £€99 1osloid Aepono g isIa 881 LL
I¥8'0 098°0 S€8°0 €¥6'0 00'L 680 660 SO'L 001 0Ol 000 €60 960 SO'L 2l l4  ¥Gle- S6.S Buined £3s1Q 15201
¢lo’k 100’k BOO'L 10O’V 00'L 660 60 SO'L 00L SOL SO'L 060 ¥O'L SO'L S € €9 19¢¢ sioaloid AeaAQ L3810 86211
6€0'l 620l €20'L ¥20'L 00'L SO'L ¥OL SO'L 00F SO'L ¥0'L 260 ¥OL SOl L2 ¢ 98/8 gerel sjosloid Aean0 21810 L6LLL
cco’l  leo’h ceol 00k 00'L €80 ¥O'L SO'L 00'L SO'L YOl LOL SO'L SO'L 8 L 818 L6l sjosloid Aelian0 £ 1810 86211
8€0°L  Z€0'L /€0'L 20k 00'L €0'L SOL SO'L Q0L 2070 201 €0°L ¥O'L SO'L €2 L Z0V8 S¥oLL (1661) 13loid AejonQ £ 181 ¥E0LL
I¥0'L  2p0'L 2¥O'L 120k 00} 960 SO'L SO'L 00'L GOV SO'L SO'L SOL SO'L 6 ¢ 0019 L¥96 Josloid Aepano 9is1a 282Z11
0s0°L  6v0°L 6¥0'L 820k 00L SOV SOL GO'L 00'L GO'L SO'L ¥OL SO'L SO'L S L 290¢ yve Josloid AepanO 9is1a 28z11
6v0'L  6v0°L 6¥0'L 820k 00'L SO'L SOL GOl O0L GO'L ¥O'L SOl SO'L SO'L 8 l 8099 VAAX: ford AeienQ 9381 0S¥LL
Le0°L  L€0°L gO'L 6LO'L  00'L SO'L ZOL GO'L 00k €£0'L ¥OL SOL SO'L SO'L 6 ¢ 869¢ vely Aej1er0 911G 0Z901
810k ZLO'L SLO°L LLOTL 00'L SO'L MO SO'L 00k 260 0L ZOL SO'L SO'L 6 L GS¥L 89a¥y Aej1anQ 91810 02901
§L0'L €10 GLO'L ¥0O0L  00'b 20t /60 ¥O'L SOL 0L €0 LOL SOL SOl 2§ AN 1 12131 spslold Buined g 181 95201
€10°L  900°L G00°L ZlOL 00b SOL SO'L SO'L 00L 60 260 /80 SOL SOl 2z L Gesy Leclt (1661) spoaloid Aepanp G1s1Q €041
90’ 90’} L€0°L 8L0°L  00'L 960 ¥O'L SO'L 00L SOL ¥O'L ¥OL SOL GO'L  pb ¢ V€06 glvie (0661) 109lo1d Aelan0 G ¥sia z2801
020’} 20l 2e0’l €10’k 00'b S80 SOL SO'L 00L SO'L SO'L SOL SOL SO L Ol ¥ 16€l 8LLY 1vafoid Aejian0 61810 €901
€00°L €00°L 200k Z00L  00'L SO'L 860 GO'L 00 POL 060 00L SO'L SO'L /2 ¢ |I6S GELEL peoloid Aepsno G Isig 19701

4d0 | d4d0 [ 4dD | 4d0 JWOD SIOW HASY 002 Oy 0L ¥l 2/l ¥/S I S107 ON (®1snrav XIW 40 NOILO3S ON
€1V |2 17V]L L7V [usung SHO.LOVd Avd ans# 101 30Hd  SNOL ANOD

S107 FHNLXIN w4 HO4 SIHOIIM HOLIOVH AVd OL STONVYHD 40 1OVdNI

G-3



9 Jo ¢ ebed

6v0'L  6v0'L 6v0'L 8200 00 SOL SO'L SOL 00b SOb ¥OL GOL SOb SO'L 8 ¢ 6vze L50v SZ dIN - PY HO4 N @I 22201
8v0'L  9v0'L LbO'L 820k 001 SOL SO'L SOL 00b SOL YOk €0°L SOb SOL 09 6 /208L 8600€  NLILUNG WENUES - SMOPBS X BABT LZ60)
b0l 9¥0'L 9¥0'L L20'L  00L £0°L SO'L SOL 00b SO'b SOb ¥OL ¥OL SO'L 6L z  9SLlL Lip6l  sBundg usalg - ullep/siied Yiewery LGeL|
8360 9/6'0 860 100k 00°L SO'L 00'L SO'L 00k 1OL 980 6.0 SOb SOl b z <9 6012 10j2yoeg YA - sbuuds emiyt /011
220 SZO'L ¥20°L 020k 00k SO'L ¥O'L SOL 00b YOl S60 660 ¥O'b SO'L LG b 99ELL  ZL062Z lojayoeg N - sbuuds emiy 22041
IZ80 6¥8°0 8180 S¥60 001 SOk YO'L .80 00k 000 €60 080 00 SO'b €L L4 ¥8b0L-  8L¥O Py Jesncewekep - py dwems uiey 81801
€20 220l ZZO'L 6107 001 SO'L GO'L SO'L 00k ¥OL 880 ¥OL SO'L SO°L L) L ibse 6865 PY WEQ UoHad - 1o Bl-8aU-Ye)| 09€) |
Zv0’l  ZW0'L LYOL 920°h  00F SO'L SO'L SO'L 00L SO'b 00k €0°F SOTL SOTL 2 L 6201 €819l PY WeQ uolad - o1 B1-99U-Ye 0.2} |
0v0'L  8E0'L 8E0'L 9207k 00L SOL SO'L SOk 00k SOk OOL OO'F SO'L SO'L  OF L osyL 1226 ¥ payo0I) - ayng Jediune €21 |
L8O’} [e0'b [20'L L20'L 00k SO'L ¥O'L SO'L 00'L ¥OL 860 860 €0°F SOb LOL 2 L96LZ 909G ssed SjueIQ N - 10 90f yodwnp ool |
1860  ¥96'0 8960 000L 00+ SO'L 00 SO'b O0'b 1O} ¥80 S80 160 SO'b €€ L0 66£91 ssed Sjuei9 N - 10 sof godwnr G901}
0Z0'b L0k €10°L 020°h 00h SO'L ¥O'L SO'L 00L ¥O'L ¥60 Z0'b 060 SO'L 12 L 120§ 66v01 PY UOJBWED - IO UOSUYOr 0090}
¥E0'L  2€0'L €807V 220k 00'b 20h ¥O'L SOb SOL Ok ¥OL 00L SO'L SO'b  Zb L 880b 6€Z9 NwwNg Y Jaxred - %0 Auusr 6201
L80°L  6ZO'L 0€0'L G20k 00 SO'L YO'L SOL SOL SOL ¥OL 880 SOb SOL 4L L L0s€ 6295 ysloid Buined 0D uosyoer 01204
LL0'L G860 6660 L0k 00 SOL €0°L SOL 00L SO'L Z0b 280 ZLO SO'L G € pbel Iez (sue BuiquuD) uibig - 1a1qw 8601
€20°L  €L0'L 21Ok SLOL 00k 00k €0°L GO'L 00k ¥O'L LO'L €0°L 060 SOL b Z €6 681 (eue BuiquuD) LIBIT - J91qW 8YE0L
686'0 060 9/60 ¥00L 00h SOb LO'L GO'L 00 OO'b 680 060 S80 SO'L ¥ I 062 9,02 (eue Buiquud) IB|T - Jojqw 8¥60L
20V 6L0'L 1Z0'L 8LOL 00k SO'L €0°L SO'L 00k SO'L 960 ¥60 20L SOL  OL  Id 09v 81§ PY AEM>o0IQ - PY IIIH J9A00H 6£801
0960 /S6'0 GS6'0 6860 00L SOL 960 2Ok 00k S60 €80 880 €0L SOl 6 L €rol- e6vy AMH ouioed - Py S¥OUPUSH |090)
S¥6'0 0980 968'0 6860 00F SO'L Z60 GO'L 00'L SO'b €60 000 ¥80 SOb /2 L 969/ €19 19 apeg - alnsaked Ly60L
€98°0 898°0 8¥8'0 G960 001 160 SOb ¥O'L 00L SO'L 000 €80 /80 SOL 1Z L ol8s- 62901 ssed JIN uspAeH 09,01
Ze0'L  €L0'L 1Z0°L €20°k  00F SOL ¥O'L SOk 00k 0L SOL 820 SOL GO'L 9 | 9651 Zviz aue Buissed |IH j00oueH £2601
610°L  Zl0'L 8l0'L 600k 00} LO'L 00°b SO'L 00'L ¥0'L 00'b 660 SO'b SOL S. ¥ Oblg 08¢ #1307 'aur 0D aue - ‘W AssieH p6ziL
0L0'L  ¥00'L S00'L 2007k 00t ¥O'L O00L SO'L 0Ok %0k ¥60 €60 #0°b SOb 25 € GZev 82552 €107 'aur 0D aue - ‘) AesieH p6ZL1
8L0L 020l 6L0'F 2O 00b SOL ZOL LOL O0L SOk 960 LOL SO'L SO'L €27 L 0625 6811 1SUYDIID - 1Q HeOBH 99/01
0€0'L  ¥20'L L0k 020k 004 SOV ¥O'L 20L O0b YOk €0L 260 SOL SO'L  Zb b lg2e 0685 19 Ausyjes - 10 UapioD) /gL L)
v98'0 1680 2980 9860 00F SO'L ¥O'L SOL 00k 680 000 €0L €0L SOl 6 I 8z8l- T 10 a1 - 19 uSMIY USID 86501
€20} G001 €10V L0k 00k SOL ZOb SO'L O0'L ¥OL €0TL 280 LOL SO 8L L4 6Shb 6298 (Wun ) Heqo - py sbory 2801
6€8°0 198°0 1€8'0 6€60 001 GO'L 260 SOL 00h ¥OL 000 880 960 SO'L 62 G LLL6Z-  ZLLYL 0'¢8 dW - axe Boi4 08,01
188°0 6060 088'0 8960 00F SOL 2Ol SO'L 00L SO'b 000 SO'L OO'L GO'b € v izl 9zvl 0'€8 dW - a%e Boi4 08,01
6v0'L  8¥0'L 8¥0'L 8ZOL 00+ SOL SO'L SO'L 00k SOL SOL 0L ¥OL SOl 627 b €8LEL  G¥EWL JQ BNOEH - Jor JUOWaLY |LegLL
S¥0'L  GY0'L SPO'L 920k 00k ZOb SO'L GO'L 00k SOL 0L ¥O'b SOL GO'L 9l L 996 z18. 18 S0B|IBM - |IIH W04 8//01
€201 S00°b €10°L Z10°L 00F SOL ZOb SOL O0L ¥O'L €0°L 280 LOb SOb 4L }  6Svy 6298 (wun s) WagoT - py 86104 /801
910’k ZTILO'L 910k LOO'L  00'F ¥O'L S60 SO'L 00L SOL ¥OL 0L SOL GO'L  Zp b 88l L0927 (un N) W=qo - py 9610y Z/601
LE0°L  920°L LEO'L 8O 00L 860 €0'h GO'L 00b SOL SO'L ¥OL SOL SOL Ol z 1692 zi6b IiH o1y ~ Arepunog 1sa104 G001
6660 000'L 6660 6660  00L SOL /60 GO'L 00k 660 60 Z0'h vO'L SO'b  Gi L 8ve- €9/ 19 uidenbuiyg - 10 ysiy ¥G/01
4d0 [ d4dD | 4dO [ 4d0 JWOD SIOW HdSY 00z O 0L w/l _zll %€ L SIO1 ON (9 isnrav XIW 4O NOILO3S ON
€17V [z 17v|1 1v[weung S¥OLOV4 AVd 8NS# 101  30Md _ SNOL 1NOO

S1O7 FHNLXIN w4y HO4 SLHOIIM ¥OLIOV4 AVd OL SIONVHO 40 LOVdNI

G-4



9 Jo { abed

¢e0’l 620'L 6201 l20'L  00L SO'L POL SO'L 00'L LOL LOL OO'L €01 SO L [ (144 0/c¢ soue Buissed 02701
6¥0°'L  8¥0'L 80"}l 820k 007} GOl SO'L GO 00} SOV GO ¥O'L $O'L SOV 61 [ 414 9l/6 SMOPS|A UlM] - pY Eljswed GOyl L
¢e0’l  0€0') 2e0’L 9l0'L 00 SO Q0L SO'L SO'L ¥O'L SO'L 2OV SO'L SO') 8 L 1§81 686¢€ 9AY JSYOOH - py abed 16201
Pe0’lL €0l €e0’l 020k 00 O00L ¥O'L GOL 00L SO} LOL 20V $0L SOL Gl A 44> 192/ (8315 Aemates - m AmH ooed 26211
8c0'l 8E0') 6€0°L 8L0L 00L SOL 1OL SO'L 00} SO'L SO'L SO'L SOL GO'L Ol L 09¢e £2¢s auIq 09 seweyoe|D - 3 AMH 9ed 0001 L
L1660 ¥86°0 21860 ¢66'0 001 €80 001 SO'L 00} 20} 660 880 GOl GO} GE 9 €0G¢- eviLl (p1oybuuds) 15 pugy - AmMH oed €121
¥96'0 1680 2260 6660 001 SOl 00} €0°L 00} +0'L 860 000 00t GO} 9L Ll SGle- ¥8¢8 Ja|dnod puowpay - 1or IBN,O 05801
€e0'L  ¢eo’l ve0'l GLOTL 00'L SOL 00°L SO'L 00 ¥O'L SOl 0L SOL SO'L Ol A A4 €918 PAIG UQJUELS - PY S$800Y [DO 8¥0L1L
¢00’L ¢86'0 ¢66'0 <C00'L 00V 880 ZO'L SO'L 00L SO'L LOL 820 OOV SO} ¢€F L 8lcl velce G'08 dIN - Jwwng 0d0ysQ #9¢el}
Zvo’L /€0l 6€0°)L G20l 00'L GO'L ¥O'L GO'L O00'L SOL ¥OL 660 POL SOL  2E L 0eocl Lol (pueg) pY siamod - pY POOMION 0LZL1L
0s0’L  0S0°'L 0S0'L 820k 00'L GO} SO'L GO'L 001 SO'L SOL GO'L GO'L GO’} € L bE9L LIl pY dduey - py UOS|OYDIN 6EtLL
Ge0'L  leo’t 1e0'L b20'L  00'L SO'L SO'L SO'L 00'L 00 €0 960 SOV SO'L 2l Il 6892 80911 M3IAleg - Py Yoeag BUUOPaN GOELL
iv0'L  8¥0°'L L¥O'L 820l 00'L GOL SO'L GO'L 001 GO'L €0l SO'L SO'L SO'L % ¥ 28le Lesl AelianQ sjepinol) - 8Ay IS18L AN 28011
Lv0'L  €v0'L G¥0'L 820k Q0L SO'L SO'L SO'L 00°L SO'L SO'L ZO'L ZOh SO € € €4Sl ¢/8l AellanQ sjepinol] - ony IsL8L IN 28041
420l 610°L Zeo'L 020'k 00'L 00L SOb SO'L 00°L #0'L 660 060 SO'L SO'L vl L clee oveL SPISISAIY - S|IAUOSHOEM TON 29801
¢co’L  8L0°L 610 GLO'L 00 GO'L ZO'L SO'L Q0L 660 LO'L 960 SO'L GOL @z Lo vive 28901 AND I - ued 2jels wenues N v9601
620k €20l G20l 0L0'L  00L 00L 00 SO'L 00 ¥O'L YOL LOL SOl SOL 2k [ 074 4°] 10902 W] Aueqy N - Ju] uosieyer N 08601
688°0 8060 868'0 ¥26'0 00'L 000 ¥0'L GOl 001 160 #80 ¥0L ¥O'L GO'L L ld4  90Z8- 889¢ H SfUAN - Y 9[InboD o4 N 61201
9v0'L  G¥0'L G¥O'L g0l 00l SO GO'L SO'L 00 SO €0 €0°L SOL SOl L ¢ 8.2 96v¢e r slomod - 19S Id AN OLLLL
8L07L  ¥lO°L ZLO'L €00°L 00} GO'L 960 GO'L 001 €0'L SOL 00L SOL 00l 0Z L 0¢6 8¢y0l 10 ouue4 - palg Aeuniy LOOLL
€v0'L  /€0°} O¥O'L S20°L 00'b SOL ¥O'L GO'L 00k SO'L SO'L 660 €07} SO'L € 9 Zict oL apng eae - pY Aydiniy Zotol
¢E0’L  1E0°L €20'L ¥IOL  00'b ¥O'L 00l SOL Q0L SO'L $OL ¥Ob SO'L SO bl S llee 9655 ajng eaeT - py Aydiny 29101
800l L00'L OLO'L ¥66'0 00l Ol €60 SO O00L SOl €0°L ¥O'L GO'L SOk €l ¥ LI0O}- 6lcL ayng eae - py Aydiniy zavol
€€0°} 520’k 620°L 020'L OO0'L €0°F ¥O'L €0°L 00L #0'L SO'L €60 ¥OL SO'b €l € clee £0€9 aung eaeT - py Audiny Zgto |
l€0'L  €e0’d €0l 020'L 007k 660 SOL SO'L 00L SOL 260 €0°L SOl SOL /9 € veLlE FATAA) $¥J07 8peosey - s|jed yewouyniy gzyl |
vO'L IvO'L L¥O'L 920°L  00'L €0'L SO GOl 00L SO $OL SOL SO'L SOl 6 ¢ 0999 1E16 S)007 Spedse - sjjeq Yewowniy gzl
9e0’t 1€0°L ve0'L 020°k  00'L SO'L 2O SOl 00} SOV 0L ZOL LOL GOl 82 € G.06 Lyiyl AmH enuidep 1or - 6'99 dIN 69211
9€0’L  ¥E0’L GE0'L 6L0°L  00'L SO'L 2O SO'L 00 SO'L €0°L LOL SO'L GO'L  6f 1 e8v8 G696 1 0F'Sy AN - 29'vE dIN 68111
S00'L ¢66'0 ¥66'0 GLOL  00'L SO'L SO'L GO'L 00L +O'L S8°0 L8O 20'L SOL LI 1 GS8¢ g5¢e8 1D |jiuy J8yoing - 1D SUUIN Z61 L1
£¢0°l  ceo’l ceoh 120’k 00°L SOL SO'L SO'L 00L SOl €60 P60 SOb SO'L 6 ¥y cssy 0656 g ung - Ao N 06201
9v0'L  Sv0'L G¥0'L 920°L 00'L SO'L YOl SOl 001 SOL SO'L SOL €0°) SO'L 8 1 €8¢ 98¢y sajeo - KD N 660141
8L0°L 6L0°L 810t 600°L 00'L G680 GOk GO'L 00k SO'L 860 LOL SO'L SOl 6 £ ¢t evsy sheg Buissed AMH a1ZUa)oN €v¥Z11
8€0°L 620k €€0°) ¥20'L 00'L SOL ¥O'L GO'L 00L SOL €0°L 260 SOV SOL S € 0cvsi lvese PY S02Us| - pY 1BllBN ZYELL
o'l Cv0'l 2¥0’L ¥20'L 00'L SOL ¥O'L ¥O'L 001 €0°L SO'L ¥0'L SO} SOk Gl L 90ey €9¢/ 10 J[es Jeddn - 10 Jes JamoT G9v0L
800}  ¥lO'L 800°L 9L0'L 00'L SO'L €0°b SOL 00 ¥O'L 280 ¥0'L SO'L SO L b4 1§21 ¢.8¢ Aeg 19)s8U2UIM - g PoomBuoT €2901
Ll0")  Z66°0 000°L 9LO'L 007} SO'L SO'L GO'L 00°L SO'L €80 260 160 ¥60 £ v LS y8cl SC dIN - PY YJ04 N 9T 22201

4d3 [ d4dD | 4dO | 4dO dWOD SIOW HdSY 00Z Oy OL  ¥/L 2/l #/E Il SL1OT ON @) 1isnrav XIW 40 NOILO3S ON
€1V |Z 17V (1 11V |waun) SHOLOV4 Avd gNs# 101 30lHd  SNOL 1INOD

S1OTIHNLXIN w4 HO4 SIHOIIM HOLOVH AVd OL SIONVHO 40 1OVdNI

G-5



9 Jo G abe(d

€£0°)  810'}L ¥20'} 220t 00V SOL #0°L +¥O'L 00} SOL ¥0°L 880 001 GO'I 6 L 0¢8¢ £cey 1D slisp - 6ingspods £9801
050’k 050’} 0S0'F 620°L 00} SO'4 GSO'L GO 00L GO} GOV GO} GOV GO') S I §99¢ €l0g 6¢ diNl - PY I19IMES 26601
8¢0'} €c0'} 920t ¥l0k 00} GO} 00b SO'b 00b ¥O'L ¥O'L 00'L 20} GO} 6 l 6961 14°1514 19 (gs) o wenues geoll
8¢0’} /g0’ 9¢0’} G20l 00} SO'L SOL GO 00l SO 860 LOL GO'L GO') /A 1 18ly 6059 aA0Q Apeys - 1or AmH As|leA SWES $ZE L)
616'0 ¥c60 Lc6'0 82¢6'0 00k 000 O00L SO'L 00} SO'L 00} 00'L 20} SO'L € I 986¢- (474" AmH o @21y ®@ AMH Y uowies L6601
L€0'L G610} 220’l 220 00'L ¥O'L vO'L SO'L 00l SO'L €0l 660 /80 GOl GE } 6GlLOL G861 Jws sbuey 15200 - Jor N SIPPES €91 L1
€66'0 .60 086°0 0007k 00’} Z6O 00} SO'L 00} LO'L 860 680 G800 SO'L /8 I 0 [£5(51% 4 (wun 3) uolBuiy - synY 6¥601
€v0’L 6€0°L ObO'L 9207k 00+ €01 SO'L SO'L 00} SO'L #0'L 860 GO'L GOk OSl € G6.£S 8€2S. (un W) uolbuily - snyny 95zl L
620'L 10l 1€0L €L0°L  00'L /80 SOV SO'L 00'L €0°b SOb GOl SO'L SOL  1Z 9 2669 065€C 1L 8SBUd ‘You| /6 SN - BUBMOY €6ELL
vv0'L  S¥0°L ¥¥OTL G20'L  00°L SO ¥O'L GO'L 00'L SOL €0} SOl SO'L SOl G S 600¢ 14314 | @SBUd 'yYdju| /6 SN - BUSMOY €BEL}L
v0°L 0L L¥OTL 920°L  00'L €071 GO'L SO'L 00'b SOL vOL SOV SOL SO'L 12 ¥ 086¢C) 90/1¢ | 8SBUd ‘Yol /6 SN - BUSMOY £6EL1L
6v0'L 6¥0°L 6¥0°L 820°L 00l ¥O}L SOL SO'L 00'b SOL SOL SO'L SOL SO’ /A ¢ 1019 9118 L 8seud ‘You| 26 SN - BUSMOY €6ELL
§20'L 920 S20'L ¥LO'L  OO0'L 860 €07 SO'L 00k SOL 860 201 SOL SOl  +S (A4 §06.¢ | @SBUd ‘Udjul /6 SN - BUSMOY E£BELL
PPO'L  ¥¥O'L $PO'L €201 00'L SO'L €0'L SO'L 00L SO'L SO'L SOL SOL SO 9 ¢ 082y 0189  SHSWEIIAA - 1Q poOoMesoY LivLL
050t 0S0°L 0S0'L 620°k 00'L SO'L SOL SO'L 00L SO'L GO'L SO SO'L SO'b kL Il €8/9 08G1L1 8liauoxi@ - 703 Bingasoy L9viL
820°L 610} 2ZZo'L 020k 00'L SO'L V0L SO'L 00L GO'L /60 060 SO'L €0°L 2L Il 6¢le L¥9S aur 09 yjod - abpo esoy 88201
¢vo’L  €e0’l g0l Z2o'h  00'L SO SO SO'L 00 SOL V0L S60 201 SO 6 G Go6¢C 4444 {NEJUY - %8817 %20y 25801
010°b  ¥00'L SO00'L Z00'L 0O'L ¥Ob O00L SO'L 00} #0'L +¥60 260 SO'L SOV SZ ) 160¢C Oclcl 10 8eT - I episisny $S2LIL
0S0°L  0S0°} 0S0')L 620k 00'L GO'L SOL SO'L 00°F SO'L SO'L SOL SO'L SO') € ¢  vv8lL {144 1D J9jels - punosbdwe) sjowsy 16211
0S0°’L  0S0°L 0SO')L 6207k 00'L SO'L GO SO'L Q0F GO'L GO'b SOL SO'L SO'L Ll L ¥208 0520l 1D ietels - punoibdwed soway 16211
000l 8860 966'0 €660 00} SO'L 260 GO'L Q0L SO'L €0L 680 SOL SOl +2 ¥ 000Z- ¥olcl (un s) puag - puowpay z.901
¢v0o’l  ev0’L ¢P0'L 9207k 00k SO'L SOL GOl OO0k SO'L 00L ¥OL SO SOl 9 2NN 4%°T4 LivE (1un N) pusg - puowpay 0OLLL
0S0°t 0SO0'L 0S0'L 620°L 00'L SO'L SOL SO'L 00L SO'L SO'L SOL SO'L SOl € € G/81 6Sv1 {(Jun N) puag - puowpay 0L}
I¥0'L  6E0°L OY0'L €20k 00} GO'L €0b SO'L 00°F GO'L $OL €01 ¥O'L SO'L G ¢ S¥s8l 90v.2 (un N) puag - puowpsy +0LL}
vv0'L  €v0L ¥PO'L €20°L  00'L SO'L €0°L SO'L 00L SO'L GOL ¥OL SO'L GOl 8l I 1619 168 (1un N) pusg - puowpay +0LLL
G86'0 <860 0860 8660 00’} GO'L 660 GO'L 00} SO'L 8.0 260 POL GO} 62 g¢ 0lg- 1:124% 1D 9pll - Jsutey 9g601
980t  Ze€0'L 9g0'L 220°k 00'L SO'b v¥O'L SO'L 00k #0')L 660 vO'L SOV SO 6 ve 8clc 00sy 1D opll - Jauley 9Z601
0z0'k €20l Z20'L 600°L 00'L 280 GO} SO'L S0°L 00 SO'L GO} SO'b SO 0T L 2208 vre61 Wodlly sjiinsund - aung ||omod €451
¥66'0 200l ¥66'0 600°L 00'L SO'L LOL SO'L 00} #O'L 22O ¥OL SOV SO'L  IE L 1§/ €951 SAED) 30| Plowly - Jor i [19Mod GZy0l
6101 120l 6L0°L ZLO'k  00'L SOTL LOL SO'L 00 SO'L €60 ¥O'L $OL SOL Ol Ll €0El 1514 1D suewood /£S/01
8601 820°} ¢€0'l 20 00L SO ¥O'L SO'L Q0L SO'L vO'L /60 860 SO 8 b 6.2 8G6€ JaquuiL usalg - fejlep Juesesid £5Z11
€00l /660 200} ¥66'0 00'L 6.0 00} GO'L 00L GO'L SO'L 960 201 SOL 9Z L 998}- VX414 PY MaIA AsiieA - xiusoud €101 )
0€0’l 620°L 0g0'L €10l 00°L 980 GOL SO'L 00L SOL SOl 20b SOL SO'L G [AN %% 14 ¥0i8 PY AsmolD - py sfepAlied 00€t )
900°} 0660 8660 €00'L 00L 280 ¥0'L GO'L 00l SOL 20 L8O 20L SOl 12 ) 72 66101 PY Asimoi - py erepAuad 00€Ll
9660 G¥6'0 6¥6'0 9.6'0 00'L SO'b 160 GO'L 00L SO'L 820 180 SOL SO 14 ¢ cevl- ye6l ssed Jebnog - py uuad /8,01
4607} 2e0'l 820') S20'L  00'L GO'L GO'L SO'L 00 SOl €0L 960 €60 SOl  GE ¢ Ssicl 8Sv.l 1q sioysAeq - py ssowssed 20z} )

4dd | 4dD | 4dD | 4d0 dNOD SION HASVY 002 Or Ol ¥/l 2/l /e I S101T ON (®)1snrav XIN 40 NOILO3S ON
€1V |Z 17V]L L1V [jusund SHO.1IVd Avd ans# 101 3014d SNO1 1NOD

SL1OT FANLXIN udw HOd SIHOIFM HOLOVH AVd OL STAONVYHD 40 LOVdNI

G-6



g Jo g abed

0s0°L 0S80} 0S0°'L 0co0'l WNNIXYIN :145%14

€¢L0 €190 1y9'0 9160 WNWININ 19829-

910’k 600} LIO'L ZlO'L JOVHIAAY GG/E

w0k 1¥0°L POl $20°L  00'L SOV ¥O'L ¥O'L Q0L €0} SO'L $OL vO'L SO €L [T *1°¥A 4 6,69 AmH o}sy/iepn - 1g Aeg sBunoi zgLil
¢00'L 6660 €00'L 6860 00 €60 ¥60 SO'F 001 SO'L #O'L LO'L GO} GO'L QS 9 ¥789- 18€8¢ 1D Mteq suod m - 1D JIOM 62211
yr0'L  9e0°'L 6€0°} Ze0'k 00°F GO SO'L SO'L 00L SO'L SOl €60 SO'L SO'L ¥ } 8691 c08l sduwiey gN yoiu| 18)SaYdUIAA 63601
W60 1560 1S60 €60 00L 000 SO'L SO'b 00°L SO'L €01 +OL +OL SO'L ¥l A5 4 b Ly8EL peoy S||EnY - SlepMOIlIM 2LSL 1
veO'L 120k /20°L €20'L Q0L SO'L SO'L 2Ok 00L SO'L SOL S80 ¥O'L SOb ML L 659 |74} 1d O0PON -  uosweniipm S10LL
6€0'L  8€0') 6€0'L 0CO'L 00F 860 #0L GO'L 00b SO'L GO')L +O'L +O'L SO'L /€ 9 0Ocel 90281 1Q SpIsIaAY - Y Sp_WEellIM 2SLLL
¢v0’l  SE0°L 8E0')L GZ0'L  00'L SOl ¥O'L SO'L 00'L SO'L SO'L S60 SOL SOl L L I¥6e £18¢ 10 qqern - 19 Auayleapy Zevol
020t Zl0°'k 8L0°L ¥LO'L  00L SO'L 20°L €0k 00'L 660 €0L /60 €0L SOk G9 L 80cvl Sioce yoaw prebiy N - yoju) wenbiey p 26604
1660 ¢z6'0 ¥S6'0 9L0°L 00'L SOL SO SOL 00k SO'L GO'L 000 €01 SOL €L L 159¢ €149 uop|3 - apisAepn enbdwin GEoLL
€v0’L  O¥0'L L¥O'L SZO'L Q0L SO ¥OL SO'L 00k SOL 0L LOL ¥O'L SOL 6L [ V2-72 Lol KeNoW - elrewn Gyzi)
v0'L Iv0'L LyO'L 920°L 00l SO'L ¥OL SO'L 007k GO'L SO'L SOl SO'L SO'L 4 Il 9l6¢ leey eddeuy - py dduy oLyLL
¢vo'l 0¥0'L L¥0'L €20l 00'L GO'L €0°L SO'L 00'L SO'L vO0'L €0l SOL SO L ¥ 6lee L¥9e (1un 3) Asseo - llesl 64901
0v0'k  ¥¥0°L €¥O'L $2O'L 001 SO'L SO'L 00'L 00'L SO'L SOb SO'L SO'L SO') € ¢ lve oGy 1 [IeN,O - 3uuogaual 600L1
€96'0 vS6'0 1960 160 00} GO} 880 860 00L ¥OL 860 680 001 SOV €T L 1E96- 80411 r lI8N,O - duuogalial 60011
ovo’L  v¥0'L G¥O'L 220°L 00l YO'L GO'L GO'L 00'L GO'L 0L 20°L SO'L SOl 8p L 08621 08¢cve 13 sXeQ puesnoy| - 18ANg 6201
L0k 8L0°L ZLO'L ZIO'L  00'L GO'L O0O0'L SO'L Q0L SO'L +¥60 20l SOL SOl 6L 0l 8gle ¥8v6 80us.o|4 - 84ET UOHNS 9t10L
£20°L v00'L ¥lO°L 020'L  00'L GO'L €0'L GO'L 00'L SO +0L +80 ¥60 SOV 2L L leee EV8S PY 10 WBUAA - 1D uesng 66801
G€0't  ¥ILO'L €20'L 920 00°F SO'L SO'L SO'L O0L SO'L SO'L 080 00l SO 9 L €89¢ 8¢€Ce Aiepunog S4sn - 10 uesng gyzL|
¢e0’t  GlO'L 2z20°L 220l 00°L L0k SOk SOk 00°L vO'L SO'L 280 €0F SOL 62 € Vvivse €iole Ami oyioed - AemybiH jesuns 8oyl |
LE0°L  €S0°L ¥EO'L ¥2Z0'L  00°L SO'L SO SOk 00 €0°L 0L Z60 SO 1O 9 ¢ clse vivy Amp ouioed - AeemybiH jesung 8oyl |
lco’L  120°L 8L0°L 810k 00°L €0°L SO'L GO'L 00L 660 G60 €0°L 00L 0L € Il 9961 Love AmH ouoed - AemybiH Jasung ggpl |
vv0'L  2v0L €¥0'L ¥20°L 00l €0F ¥0'L SOl 00k SO'L GO'L vOL €01 SOl 8l V11328 clle sumojwales - 10 AsyieA Buudg Lzol L
§8/°0 1€L°0 2eL0 /¥60 00'L €0b ¥OL SOl 00°b 000 180 ZZO 000 SO'1 12 G £60¢l- 890} oulini - [I'H Ja1Bueds 60601
0¥0'L  OvO'L OVO'L 020°L 00L GO} 20°b GO'L 00L SO'L ¥O'L SO'L SOL SOL €l L €09¢ 8999 10 inyding - 19 %00y OIS £¥801
€0k 820°L 0€0'L ¥ILO'L  00'L ¥O'L 00°L SOL 00°L ¥0'L SOb 2OV ¥O'L GOl 6l L g6gL L1481 sur 09 se|bnoQ - Y meISNIS 62511
iv0°L  9¥0'L 9o¥O'L 220k 00'L €0°b SOL SO'L 00F SO SO'L ¥OL ¥O'L SO'L 82 ¢ €850} 14844" olewn] - sidsig 22zZLL
0co't 9lo’l 020 ¥00'L 00L ¥O'L 960 GO'L 00'L SO'L SO'L 201 #0'L SO'L  SI A 22 LeeL olewn] - s19)sis gecll
860} 6E0°) 8€0°L 120'L  00'L SO €0L SO'L Q0L SO'L LO'L SO'L SOL SO'L A 1414 G69¢ pY As|leA Jueses|d - 1) suowwis 18901

3d3 [ 4dD | 4dD | 44D JWOO SIOW HJSY 002 OF  OL  #/L  2/L  b/E Il S107 ON (s)isnrav XIA 40 NOILD23s ON

"n.l...._n._< c1v|l 17v|uauny SHOLOVd Avd ans# 101 30l8d ~ SNOL 1NOD

SLO1FHNLXIN udw HOH SIHOIIM HOLIVH AVd OL SIONVHD 40 LOVdNI

G-7



	establishment_QC-QA_Procedures_part1.pdf
	establishment_QC-QA_Procedures_part2.pdf
	establishment_QC-QA_Procedures_part3.pdf
	establishment_QC-QA_Procedures_part4.pdf

