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IMPACT OF VARIATINN TN MATERIALS PRAPERTIES ON
ASPHALT PAVEMENT LIFE - EVALUATION OF A QUESTIONNAIRE

SUMMARY

In the fall of 1979, the Oregon State Highway Division and Oregon
State University initiated a research project to study the impact of
variations in material properties on asphalt pavement 1ife due to an
increase in the amount of pavement constructed in recent years with
material outside of specification limits. The effect of this noncom-
pliance on pavement serviceability has been questioned and has resulted
in frequent controversy with contractors on the assessment of pay ad-
justments. This current study is aimed at developing a rational ap-
proach to assess the effects of variations from specification Timits
so a firm basis can be established for the development of pay factors.

In an effort to collect current information on the status of
quality control procedures and the use of pay adjustment factors
Oregon State University and the Oregon State Highway Division devel-
oped a questionnaire which was distributed to all state agencies, the
District of Columbia, and the FHWA. Each state was asked to respond
to seven questions with reference to their current method for accept-
ance or rejection of asphalt concrete paving materiais. The items

of emphasis on the questionnaire included:

vi



1) acceptance of noncompliance construction and materials

2) properties tested and method of testing

3) pay adjustment factors used

4) basis for establishing pay factors

5) relatijonship of pay factors to pavement serviceability

6) effectiveness of pay factors

7) summary opinions regarding pay factors

This report summarizes the results of the questionnaire. Analysis
of results indicates:

1) Almost all state agencies will accept one or more properties
in the construction and materials of asphalt concrete that
are outside specification tolerances.

2) Almost all agencies which accept construction and materials
outside of specification tolerances apply a pay adjustment in
compensating the contractor.

3) Only 26 percent of the agencies consider their
pay factors to be proportional to reduced pavement service-
ability.

4) Approximately one-half of the agencies consider the use of
pay factor plans as effective in encouraging compliance with
specifications.

This evaluation clearly illustrates the controversial nature of
the concepts of accepting noncompliance construction and materials
and the application of pay adjustment factors. It also points to
a need for development of a rationale for these concepts which are

based on sound engineering principles and equitable to all parties.



IMPACT OF VARIATION IN MATERIALS PROPERTIES ON ASPHALT PAVEMENT
LIFE - EVALUATION OF A QUESTIONNAIRE

INTRODUCTION

In the fall of 1979, the Oregon State Highway Division and
Oregon State University initiated a research project to study the
impact of variations in material properties on asphalt pavement life.

This study is the result of the increased occurrence of pave-
ment problems during recent years and in the proportion of
pavements constructed with a significant amount of material outside
of specification 1imits (1). The effect of this noncompliance on
pavement serviceability has been questioned and has resulted in fre-
quent controversy with contractors on the assessment of pay adjust-
ments which generally result in reduced pay to the contractor for
material which is determined to be outside the specification toler-
ances. The current study is aimed at developing a rational approach
to assess the effects of variations from specification 1imits so a
firm basis can be established for the development of pay factors.

The AASHO Road Test (1958-60) emphasized to the highway industry
the significance of the relationship of the variability of material

test properties to highway specifications (2). As a result agencies have



been developing and experimenting with various combinations of
statistically based specifications to provide a more accurate evalu-
ation of the end products and to allow acceptance of noncompliance
work in conjunction with a reduced payment for that work. In 1976,
thirty-three states were using or had tried some form of statisti-
cally oriented end-result specifications (3).
In an effort to collect current information on the status of
gquality control procedures and the use of pay adjustment factors, Oregon
State University, and the Oregon State Highway Division developed a ques-
tionnaire which was distributed to all state agencies, the District of
Columbia, and the Federal Highway Administration in November, 1979.
Questionnaires were returned by all except four states, resulting in a Y2
percent response rate. LEach state was asked to respond to seven ques-
tions with reference to their current method for acceptance or rejection
of asphalt concrete paving materials. A copy of the questionnaire is in-
cluded in Appendix A. The items of emphasis or the questionnaire included:
1) acceptance of noncompliance construction and materials with
or without pay adjustments
2) identification of properties tested for acceptance and the
method of test used.
3) pay adjustment factors used in relation to each tested
property
4) rationale used in establishing pay adjustment factors
5) relationship of pay adjustment factors to pavement service-
ability or other criteria

6) effectiveness of pay adjustment factors in encouraging com-
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pliance with specifications

7) summary opinions regarding the use of pay adjustments.

While the required information could be placed on the question-
naire itself, the states were encouraged to include copies of sup-
plemental information which would assist in the overall evaluation.
Most states did provide supplemental materials.

The returned questionnaires were carefully evaluated and the
information tabulated as shown in Appendix B. In the cases where no
specific answerswere given for the questions, the author inter-
preted the supplementary information provided to arrive at specific
answers. This procedure was most prevalent in identifying the test
method used for evaluating each property, since many states allow the

use of more than one test method in their specifications.

EVALUATION OF QUESTIONNAIRE RESULTS
Question 1

"Do you accept asphalt concrete pavement construction and
materials that do not satisfy specification requirements?"

The responses to this question are summarized in Figure 1. Of
the 47 agencies which responded, only four agencies indicated that
they will not accept construction work or materials which are below
specification. ATl the remaining agencies (91 percent) will accept
some aspects of the work or materials when they are below specifi-
cation.

The key concept illustrated is that 82 percent of the agencies
use some form of pay adjustment factors when accepting one or more of

the evaluated criteria. However, only four states indicated a pos-
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sible acceptance of below specification work or materials on every
evaluated property considered in the questionnaire. A1l other agen-
cies identified certain criteria which would not be accepted if below
specification Timits. A detailed discussion of these critegia will
be included in the analysis of Questions 2 and 3 of the ques-
tionnaire. The 18 percent labeled "combination acceptance" indicate
agencies which will accept some deficient materials with pay adjust-

ment and other deficient materials without pay adjustment.

Question 2

"What properties do you evaluate to establish the accep-
ability of an asphaltic pavement?"

The questionnaire listed eight properties commonly evaluated
during or at the completion of construction. These properties were
thickness, smoothness, compaction, asphaltic content, asphalt properties,
aggregate quality, mix moisture content, and mix gradation. Each
agency was asked to identify which properties are evaluated and con-
trolled by their specifications and to indicate the method of testing
used. Figure 2 summarizes the data received concerning which proper-
ties are evaluated. The data for the method of testing will be dis-
cussed in conjunction with Question 3 dealing with the use of pay
factors. A1l property criteria except the mix moisture content are
evaluated by at least two-thirds of the agencies.

Question 3

"What are your pay adjustment factors for each of the proper-

ties identified in Question 27"

The data summaries relating to pay adjustment factors and
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methods of testing are shown in Figures 3 through 10. Each
figure depicts a different property and will be discussed individually.
The information on the method of test was collected as part of
Question 2. Most agencies indicated the use of a specific test
method for each property being evaluated. In the cases where a test
method was not identified, the author interpreted the data provided,
usually acopy of that agency's specifications, to arrive at specific
answers for use in the data evaluation. Where agencies indicated the
acceptance of several methods of testing, the method most commonly
used by other agencies was selected for presentation. Reference to
AASHTO test methods in the following discussion also includes the
various modifications of AASHTO procedures.
The basis of applying pay factors was broken into five cate-
gories. These are identified as follows:
1) Statistical. The concepts of random sampling
areused in collecting test data. The statistical methods em-
ployed to evaluate the measurements include the use of simple
averaging, the range of measurements, the normal distri-

bution, and the Students t distribution‘é),

2) Guide in Specification. The agency makes use of a pay adjust-
ment factors guide, usually in tabular form, which is part of
the specification in which statistical methods are not used.

3) Schedule - Not in Specification. The agency has established
guidelines for use in applying pay factors, but they are not

a part of the specifications. For example, South Dakota
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has a "Price Adjustment Committee" which determines pay ad-
Justments for each case individually. The state has a guide
of pay factors which may be used at the committee's discre-
tion.

4. None. Materials below specification are not accepted, thus
no pay factors are involved.

5. Negotiated. The agency accepts below specification work and
materials based on negotiations with the contractor. These

negotiations include pay adjustment.

It is important to note that many of the agencies which make use
of pay adjustment factors still retain a process of decision making
by the agencies project engineer. The pay factors are applied only if
the below specification work or material is accepted.

Thickness: Figure 3 summarizes the questionnaire information for
thickness evaluation. Thirty-one agencies evaluate the thickness of
the finished pavement with 74 percent of this total using cores for
measurement of the final thickness. The remaining agencies use other
methods such as measuring the uncompacted thickness at the paver and
applying a predetermined coefficient based on density to determine
final thickness. It is likely that all state agencies monitor this
property even though they do not use it in their pay criteria.

Almost half of the agencies will not accept a pavement thickness
which is below specification tolerances. Most of these agencies spec-
ify that an overlay is required to bring the thickness up to speci-
fication with all costs borne by the contractor. The remaining

agencies accept final thicknesses which are below specification
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in conjunction with some form of pay adjustment.

Smoothness: Figure 4 shows the data summary from the questionnaire

regarding smoothness. Seventy-nine percent of the agencies evaluated

the smoothness of the finished pavement surface. Of these agencies,
70 percent use the straight edge as the basis of their measurements.
WhiTe 11 percent did not identify a method of testing, the remaining

19 percent use various roadmeters, such as the profilograph and the
PCA Roadmeter.

Similar to the thickness evaluations, approximately one-half of
the agencies accept pavements which do not meet the smoothness speci-
fication tolerances. Most of these apply a pay adjustment factor to
account for the increased maintenance requirements. The other half
of the agencies will not accept pavement surfaces which are outside
the tolerance Timits; but most of them allow a contractor to bring
the surface up to specification with placement of an overlay at the
contractor's expense.

Compaction: The results of the questionnaire data relating to
compaction are shown in Figure 5. Of the 43 agencies which evaluate
compaction, 60 percent use nuclear gage test methods, such as AASHTO
T-238. The seven percent using cores, indicated use of AASHTO T-230
as a standard. The other AASHTO methods specified by 19 percent of
the agencies were T-209, used to determine maximum specific gravity,
and T-166, used to determine bulk specific gravity. The nine per-
cent using their own procedural specification gave detailed proced-
ures of the test requirements without reference to any of the stan-

dard test methods.
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Almost two-thirds of the agencies accept pavement sections which
have not been compacted to specification requirements. The other 37
percent of the agencies indicated they would not accept pavement which
was improperly compacted; however, the available information was insuf-

ficient to identify procedures used to remedy the deficiency.

Asphalt content: Figure 6 shows the summary of the testing methods
used and the basis for pay adjustment factors applied when accepting
below specification material. Ninety-one percent of the agencies eval-
uate the asphalt content with three-fourths using an extraction method
such as AASHTO T-164. The remaining agencies use other methods such
as tank sticking.

Approximately one-third of the agencies will not accept material
which is outside the tolerance limits of the specifications. Most of
those agencies check the asphalt content on a regular basis during
construction so that adjustments can be readily made without great
losses of time or materials. Therefore, pay adjustments are not
needed. The majority of the agencies will accept materials with asphalt
content below specification tolerances. The most commonly used basis
for pay adjustment factors by these agencies is statistical in nature.

Asphalt Properties: Forty-four agencies or 94 percent of those
responding to the questionnaire provide for the evaluation of the asphalt
properties in their specifications. A summary of test methods and pay
adjustment factors used by these agencies is shown in Figure 7. The

majority (70 percent) of the agencies use a combination of various
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AASHTO test methods to evaluate the individual characteristics of the
asphalt. AASHTO tests and specifications used by one or more agencies
include the following:

T-40 Sampling of Bituminous Materials

T-44 Solubility of Bituminous Materials in Organic Solvents

T-48 Flash and Fire Points by Cleveland Open Cup

T-49 Penetration of Bituminous Materials

T-51 Ductility of Bituminous Materials

T-73 Flash Point by Pensky-Martens Closed Tester

T-179 Effect of Heat and Air on Asphalt Materials - Thin Film

Oven Test

T-201 Kinematic Viscosity of Asphalts

T-202 Absolute Viscosity of Asphalts

M-20 Penetration Graded Asphalt Cement

M-226 Viscosity Graded Asphalt Cement

The remaining agencies base their acceptance of asphalt on
quality assurance reports prepared by the producer. While specific
test methods are not indicated, use of AASHTO test methods by the pro-
ducers would also be anticipated.

Slightly over one-third of the agencies will not accept asphalt
with properties which do not meet the specification tolerances. These
agencies evaluate the asphalt properties before use in material mixes;
thus, unacceptable asphalt can be rejected with 1ittle loss of time or
money. The remaining two-thirds of the agencies will accept asphalt

with properties which do not meet specification tolerances. The ma-
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jority of these have a pay factor guide included in their specifi-
cations, but only 18 percent base their pay factors on statistical
concepts. Available data was insufficient to determine if any agen-
cies test after incorporation in the mix to check for asphalt contam-
ination.

Aggregate Quality: Eighty-three percent of the agencies respond-
ing provide for evaluation of the aggregate quality in their specifica-
tions. Several agencies indicated that they do not evaluate the aggre-
gate quality as part of the contractor's specifications because the ag-
gregate source has been approved by the state. Figure 8 shows the
data summary for test methods and basis of pay factors currently used
for aggregate quality. Of those agencies evaluating the aggregate
quality, 72 percent make use of the AASHTO test procedures. The pre-
dominate test specified is AASHTO T-96 which measures resistance to
abrasion by use of the Los Angeles machine. Other AASHTO test methods

specified by one or more agencies include:

T-27 Sieve Analysis of Fine and Course Aggregates

T-84  Specific Gravity and Absorption of Fine Aggregate

T-89  Determining Liquid Limit of Soils

T-90 Determining Plastic Limit and Plastic Index of Soils

T-103 Soundness of Aggrcgates by Freezing and Thawing

T-104 Soundness of Aggregate by Use of Sodium Sulfate or
Magnesium Sulfate

T-176 Plastic Fines in Graded Aggregate by Use ofSand Equiv-
alent Test

T-182 Coating and Stripping of Bitumen-Aggregate Mixtures

T-210 Production of Plastic Fines in Aggregates
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Most of the agencies which do not specify AASHTO test methods in-
dicated their acceptance was based on information from previously ap-
proved aggregate sources. It would be reasonable to assume that some
form of AASHTO test method was used by most agencies when originally

approving the aggregate sources.

Over two-thirds of the agencies do not accept aggregate which is
below specification quality. Since most testing is achieved prior to
delivery of material to the construction site, there is seldom a need
to accept inferior aggregate. For the few situations where below
specification aggregate is accepted, there is no dominant method of
developing pay adjustment factors.

Mix Moisture Content: Less than half (45 percent) of the agencies
evaluate the mix moisture content as part of their specifications.

The test methods and the basis for pay factors used by these agencies
are summarized in Figure 9. Very little information relating to the
test methods was given on the questionnaire responses for this pro-
perty. Most of the agencies simply indicated the use of standard
moisture tests. Those which specified a particular test referred to
AASHTO T-110.

Of the agencies using mix moisture content as a specification
criterion, 71 percent will not accept material outside the tolerance
limits of the specification. This is a property which can be control-
led during the construction process often with 1ittle loss in time or

materials, thus no pay adjustments are necessary. For the few
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situations where below specification materials are accepted, there is
no dominant method of developing pay adjustment factors.

Mix Gradation: A1l but two of the 47 agencies which responded
evaluate mix gradation (aggregate gradation within mix) as part of
their acceptance criteria. Figure 10 shows a summary of the question-
naire results concerning the test methods and basis for pay factors
used in evaluating the mix gradation. AASHTO test methods specified
include:

T-11 Amount of Material Finer than 0.075 mm Sieve in Aggregate

T-27 Sieve Analysis of Fine and Coarse Aggregates

T-30 Mechanical Analysis of Extracted Aggregate

T-37 Sieve Analysis of Mineral Filler

T-164 Quantitative Extraction of Bitumen from Bituminous

Paving Mixtures
Specific sieve requirements vary from state to state but the most com-
monly evaluated sizes are the 3/8, No. 4, No. 8, and No. 200.

Slightly over two-thirds of the agencies accept mixes with a
gradation that does not satisfy specification tolerances. Of these,
the majority base their pay adjustment factors on statistical concepts.
The 31 percent which will not accept below specification mixes indi-
cated control of the gradation during material preparation. This
allows rejection and modification of mixes on a continuing basis re-
sulting in small losses of time or material. Therefore, no pay factors
are necessary.

Question 4
"How were your pay adjustment factors established?" This

question was used in an effort to identify the background
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Figure 10 : Requirements for Gradation of Mix
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for justification and development of pay adjustment factors. The four
categories listed were laboratory results, field studies, experience,
and other. Each agency indicated which categories they relied on in
accepting below specification work or materials and determining the
pay adjustments. The data shown in Figure 11 summarizes the back-
ground characteristics used by the various agencies in their specifi-
cation development.

Experience is the predominant background relied upon in the de-
velopment of pay factors as indicated by 60 percent of the agencies.
The remaining background categories are used almost equally by the
agencies. Since several agencies have relied on more than one back-
ground category, the total percentage is greater than 100 percent.

Also note that a fifth category is added to the results in Figure
11 to account for those agencies which do not use pay factors. The
21 percent shown includes the four agencies which will not accept anything
below specification and the six agencies which occassionally accept
one or more properties, which are below specification on a negotiated
basis.

Question 5

"Is your pay adjustment proportional to the value of reduced pave-

ment serviceability resulting from specification noncompliance?"

This question, as well as Questions 6 and 7, requires the person
responding to the questionnaire to express an opinion on behalf of
that agency. It is important to note that the response from an agency
may be a function of who answered the questionnarie, i.e., opinijons
will vary within an agency. Therefore,the corresponding data and

figures should not be considered as absolute agency policy; but should
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be considered as valuable indicators of current trends in the develop-
ment and use of pay factors.

Figure 12 presents a summary to the first part regarding the re-
lationship to pay factors and pavement serviceability. Only 26 per-
cent of the agencies indicated that they believed their pay adjustments
are proportional to reduced pavement serviceability. In addition, sev-
eral of those agencies indicated that they used engineering judgement
and experience to develop that rationale and they could not verify it
in terms of engineering principles. Forty-eight percent of the agen-
cies identify no relationship between their pay factors and pavement
serviceability and the remaining 26 percent did not respond to this
question.

Figure 13 gives a summary of the responses to the second part of
this question identifying rationale other than serviceability for es-
tablishing pay adjustment factors. The 23 agencies who responded with
a "no" on the first question gave six different rationales for deter-
mining their specific pay factors. Thirty percent use pay factors in
their specifications to discourage noncompliance. Another 22 percent
are following recommendations made by FHWA in its model specification
presented approximately ten years ago in conjunction with a study on
statistically based specifications. This model does not appear to have
been formally published, but FHWA specification FP-79 is essentially

(4)

an updated version of that model specification '—'.
Question 6

"Do you feel your pay adjustment factors are effective in encour-
aging compliance with specifications?"

The response to this question is summarized in Figure 14. Slightly

more than half of the agencies indicated they felt their pay adjustment
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factors are effective and an additional 30 percent which are un-
certain about their effectiveness.
Question 7:

"Summarize your opinion regarding the need for pay adjustments or
the success of your method for acceptance of paving materials.”

The responses to this portion of the questionnaire were edited for
conciseness and are presented in Table B-2 in Appendix B. The opinions
given cover the full spectrum from "don't believe in pay factors" to
"end-result specifications are the way to go." The wide range of pos-
itive and negative comments, with few agencies concurring, illustrates
the controversial nature of this topic. There is a need to develop
a rationale which is consistent with sound engineering principles,
acceptable to a majority of the agencies, and equitable to all parties.
Some of the advantages and disadvantages regarding the need for pay
adjustments are Tisted below.

Advantages

- contractors improve quality control

- creates a uniform procedure for accepting non-compliance work

- reduces problems of contract administration

- reduces litigation

- pay adjustment method requires fewer state personnel

Disadvantages

- needs to be based on sound engineering approaches
- contractors resist

- contractors may increase bids

- results in poor quality work

- can't measure reduced serviceability

~ administration problems
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SPECIFIED PAY ADJUSTMENT FACTORS

In response to Question 3 on the questionnaire, each agency was
asked to identify pay adjustment factors for the eight properties
listed. A majority of the states included either a tabulation of their
current pay factors or partial sections from their specifications. The
state agencies which provided specific pay adjustment factor informa-
tion are listed in Table 1. This table also indicates the specific
properties to which the pay factors are applied. Note that although
some agencies indicated use of pay factors for aggregate quality and
mix moisture content, no information on those pay factors was submit-
ted. Details of the pay adjustment factors are given in Appendix C
and are summarized in the folloiwng discussion. While these data are
useful in identifying current trends in the use of pay adjustment fac-
tors, it is not complete since some state agencies did not submit de-

tailed information.

General Considerations

There are several general considerations which affect the appli-
cation of pay adjustment factors regardless of the property being eval-
uated. These are the Tot size, the identification of contract pay
items affected by pay adjustments and the effects of multiplicative
relationships of pay adjustments.

Throughout the sampling and testing process, the assumption is
made that the selected samples taken are representative of a larger
amount of material. This is based on the use of random sampling tech-
niques. It is important that the size of this lot be specified as
part of the overall acceptance plan.

An evaluation of the specifications made available through this
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Pay Adjustment Factor Information Provided by State Agencies
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questionnaire shows that there are four types of Tot criteria typi-
cally used. Very few agencies use the same lot size even when they
specify the same type of lot.

These lot types and typical size specifications are:

1) Tons of asphalt - normal lot size varies from 150 tons to
3,000 tons. |

2) Full days production - Normal 1ot shall consist of the number
of tons produced and placed each production day or within one
shift.

3) Square yards of Pavement Surface - Normal Tot size varies from
1800 sq. yd. to 6700 sq. yd.

4) Lineal feet of paving lane - Novrmal lot size varies but is
identified as the amount of pavement placed at the time of
testing, up to 5000 lineal feet.

Some agencies include options for two or more of these Tot types within
their specification. For example, Alaska's Supplemental Specification

4071 - 402 states:

"A normal lot will be 2,500 tons, except when the total for
the project is less than the normal lot. Then the project
total will consititute a lot. In addition there will be an
allowance of 100 tons at the initial start of a project on
which no price adjustment will be computed or applied and the
material will be accepted on the basis of substantial con-
formity. This will allow for the natural variations in the
beginning of production."

I119nois has a Special Provision revised as of March 15, 1979, which

supercedes Section 406 of the Standard Specifications. In part this

document states:

"A 7ot shall consist of one day's production. In the event,
however, that the contractor requests, a lot may be defined
in terms of tonages; 1000 tons minimum to 3000 tons maxi-
mum, the exact amount to be agreed upon between the contrac-
tor and the Engineer prior to the start of work."

The most common pay item is “"asphaltic concrete" with a unit price
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per ton. The specifications also typically indicate that this bid item
shall be full compensation for furnishing and placing all materials in-
cluding asphalt cement and for all approved additives, for all prepar-
ation of surfaces, for all hauling, mixing, spreading, rolling, and all
other operations necessary to complete the contract item. On projects
bid in this manner, pay factors resulting from noncompliance of one or
more material characteristics are applied to this one item. A detailed
explanation of the application of pay factors to the bid items is given
in the following paragraphs.

Several states indicate that on some projects the bid items are
modified to include a specific item for the asphalt properties. This
item is generally identified as "Bituminous material for mix" or
"asphalt cement" and has a unit price per ton. Pay adjustments for
asphalt properties are applied to this jtem.

The application of the specific pay adjustment factors to the con-
tract unit price is an important element of the specification. A single
deficiency is defined as a deficiency involving onlyone characteristic
of a material within any one lot. When a single characteristic defic-
jency occurs, the pay factor is applied directly to the unit price of the
affected item to determine an adjusted price.

The effects of multiplicative relationships of pay adjustment
factors is approached in several different ways. A multiple deficiency
is defined as deficiencies involving more than one characteristic of a
material within a lot. The three different approaches currently used
by the agencies which submitted specification information are the appli-

cation of the Towest pay factor, application of the average of all
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the pay factors, and application of the multiplied value of all pay fac-
tors. Examples of each of these are given by the following specification

excerpts.
a) Lowest pay factor - Georgia Specification 400.06 A.

"When two or more pay factors for a specific acceptance
Tot are Tess than 1.0, the adjusted payment will be
determined by multiplying the contract unit price by
the Towest pay factor."

b) Average of pay factors - Mississippi Specification 401.22 B

"The final percentage for each lot, any of which char-
acteristics for asphalt content, gradation, density, and
stability are not within reasonably close conformity,
shall be determined as in the following example.

"Assume price adjustment for asphalt content is 90 percent,
for the No. 200 sieve is 70 percent, for density is 100
percent and for stability is 100 percent.

"Thus the final pay factor for that lot would be:

90% + 70% +4100% + 1005 _ goq

c) Product of all pay factors - Nebraska Specification Sub-
section 507.13,

"...that lots of asphaltic concrete, accepted by the
Engineer, shall be paid for at the contract unit price
per ton for the item,..., mulitplied by product of the
lot pay factors for asphalt content, retention on the
applicable control sieves, and density of the com-
pacted asphaltic concrete.

"If the mean result of the lot acceptance tests for
asphalt content, or for any of the control sieves or
density, deviates from the target value or required
minimum by more than the extreme value shown under
0.70 pay factor as specified herein, or if the product
of the lot pay factors is less than 0.70, the Engineer
may order the removal of any or all such material in the
lot. The pay factor for any such material which is
allowed to remain in place will be 0.40."

Compaction

Twenty-three state agencies submitted information on their use of
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pay adjustment factors for noncompliance with compaction requirements.
There is a wide disparity between the agencies with ten different
approaches used for determination of the pay adjustment factor. In
addition, the agencies using the same approach have widely varying
values for the pay factor applied to a common Tevel of compaction.

The ten approaches used are 1listed below. The number in brackets
is the number of agencies using that approach. Details of the approach
and specific pay factor values are given in Appendix C.

A) Percent of reduction in contract price computed by a formula

based on statistics [3]

B) Pay factors for percent of target density [7]

Pay factors for percent of control strip density [4]

)
) Pay factors for percent of voidless . density [1]

O o

Pay factors for daily mean air void content[1]

m

Pay factors based on deviation of air void content [1]

-n

Price adjustment for percent of deficiency [1]

I o

Pay factors based on a computed quality index [1]

)
)
)
) Pay factors based on a computed quality level [2]
I)
)

J) Pay factors for percent within Timits [2]

There is 1ittle value in comparing the various approaches and
their effects on the contract unit price unless actual data could be
obtained on a common sample. This is beyond the scope of this writing.
However, the tendency for widely divergent approaches to cause con-
fusion and dissatisfaction among the contractors is of concern.

The use of pay adjustment factors determined by comparing the in-

place density to the target or lab density appears to be the most com-
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mon approach. The in-place density is typically determined with a
nuclear gage and the target or lab density is determined for samples
prepared by the Marshall Mixture or Hveem design procedures. The
percent of target density achieved is then compared to predetermined
values in the agency's specifications.

For most of the seven agencies, Table C-2 shows that achievement
of at Teast 95 percent of target density qualifies for full payment
for the material within that lot. The lower value in the tables
specifies achievement of 91-92 percent of target density before the
agencies seriously question achievement of reasonably close conformance.
Values below this require the engineer to make further evaluations and
give a decision on acceptance of that lot at a further reduced pay fac-
tor or total rejection. Most agencies also give the contractor an
option of accepting the pay adjustment or removing and replacing the
material at their own expense in an effort to achieve work which is
in compliance.

The tabular values for the percent of target density are relatively
uniform for most of the agencies using this approach. However,
disparity is evident when evaluating the pay adjustment factors
applied to each level of achievement. For example, the pay adjustment
factor for achieving 93 percent of target density varies from 50 per-
cent in one state to 96 percent in another state and at Teast two
agencies may apply an even lower pay factor based on the decision of
the engineer 1in charge.

Comparisons between agencies using one of the other approaches
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is difficult since only one or two agencies reported use of each
method. However, in the cases where several agencies use the same
approach, the above mentioned disparity in pay adjustment factor values
is also evident. A factor making analysis difficult in the approaches
using statistical concepts is the possible variance in upper and lower
tolerance limits. A pay adjustment schedule which appears to be more
stringent may actually be more lenient if applied with a wider range of

tolerances.

Asphalt Content

Information on pay adjustment factors for asphalt content was
submitted by 25 agencies. This material characteristic also has a
wide disparity of pay factors among the state agencies with eight dif-
ferent approaches being used. These are listed below with the details
of each approach given in Appendix C.

A) Percent of reduction in contract price computed by a formula

based on statistics [3]

B) Pay reduction for percent out of tolerance [3]

C) Pay factors for the average deviation from the job mix [13]

D) Pay factors for the percent within limits [2]

E) Pay reduction for the deviation of the sample average as percent [1]
F) Pay factors based on the deviation of the mean above or below

the mix tolerances [1]
G) Price adjustment computed by a specified procedure based on
percent of asphalt above or below the mix design tolerance (1]
H) Pay factors for the degree of nonconformance of the moving

average [1]



38

Comparison of the various approaches with each other is difficult
because most of them involve the application of specified tolerance
levels, many of which were not submitted. In addition, data are not
readily available on a common sample which could be analyzed using
the individual approaches. However, similar to the compaction criter-
ia, there is concern with the tendency for widely divergent approaches
causing confusion and dissatisfaction among the contractors.

As noted above, 13 agencies use the same basic procedure. The
pay adjustment factors as shown in Table C-13, are developed relative
to the average deviation of the lot samples from the job mix criteria.
The job mix is sometimes developed by the Contractor and submitted to
the agency for approval. The target value established for asphalt
content is then used for comparison with the actual asphalt content
of the Tot samples as determined by extraction methods.

The pay factors are applied to levels of the average deviation of
the sample values to the job mix target value. Note that in all cases
the pay adjustment is applied when the deviation is either above or
below the job mix. There is a wide disparity in both the levels of
deviation and related pay factors. For example, the average deviation
may vary from 0.21 in one state to 0.55 in another state and qualify
for full payment for that lot. On the other end of the spectrum, the
maximum deviation where the agency considers total rejection varies
from 0.27 to 1.10. The net result is that if a contractor provided
the same material in terms of asphalt content in two different states,
the material could be rejected in one state and accepted at full

payment in the other.
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The pay adjustment factors for the state of I11inois as shown in
Table C-13, are of special interest. Based on the survey information,
they are the only agency to offer a bonus for the achievement of quality
work. Illinois provides a pay adjustment factor of 105 percent when the
work is extremely uniform and has only minor deviations from the job mix

target value.

Mix Gradation

Twenty-four agencies responded with detailed information on their
pay adjustment factors for noncompliance with mix gradation requirements.
The disparity in the pay factors is evident in the seven different ap-
proaches used. Details of these approaches as listed below are given
in Appendix C.

A) Percent of reduction in contract price computed by a formula

based on statistics [4]

B) Pay factors for deviation of the mean from the mix formula [14]

C) Pay reduction for percent within limits [1]

D) Pay reduction for deviation of the sample average as a percent

of the mix tolerance [1]

E) Pay reduction for the percent out of tolerance [3]

F) Pay factors for the degree of noncomformance [1]

G) Pay adjustment computed by a detailed procedure in the specifi-

cation [1]

The majority of the responding agencies use a common method for
identifying pay adjustment factors. These 14 agencies base their pay
factors on the deviation of the mean of the lot samples from the target

values of the job mix formula for each sieve size evaluated. The job
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mix formula is sometimes developed by the contractor and submitted to
the agency for approval. The target value established for each sieve
size is then used for comparison with the actual sample values.

The pay factors are applied to levels of the deviation as shown
in Table C-19. Note that in all cases the deviation is applicable both
above and below the mix formula target. This table also identifies the
four sieve sizes (3/8, No. 4, No. 8 and No. 200) most commonly used in
evaluating the characteristics of mix gradation. Several agencies
include additional sieve sizes in their evaluations, but they were
deleted from this summary for clarity.

The disparity in the pay adjustment factors between the various
state agencies is evident in all four categories of sieve sizes. The
No. 200 sieve appears to be the critical size with more constrictive
tolerance levels applied. This is somewhat verified by several of the
other approaches which apply a higher pay reduction to deviations on
the No. 200 than on other sieve sizes. Therefore, the following discus-
sion will be T1imited to the No. 200 sieve, realizing that the pay
factors for the other sieve sizes follow a similar pattern. In cases
where more than one sieve size proved deficient, the lowest pay factor
is generally applied.

The allowable deviation of the mean of the lot size from the mix
formula target value for which full payment will be made varies from
0.1 in one state up to 2.3 in another state. The higher values in the
tables specify an allowable deviation of 1.35 to 5.4 before the respec-
tive agencies consider total rejection. Values greater than these
require the engineer to make further evaluations and give a decision
on acceptance of that lot at a greater reduced pay factor or total

rejection.



a1

For example, assume that the job mix target value is ten percent
passing the No. 200 sieve. Further assume that a contractor produces a
mix with eight percent passing the No. 200 sieve, a deviation of 2.0,
This could result in pay adjustments, depending on the agency accepting
the work varying from total rejection up to and including full pay for
that lot of material.

Special attention should be given to the pay adjustment factors
for the state of I1linois as shown in Table C-19, Again they appear to be
the only state currently applying a bonus for the achievement of high
quality work. 1I1linois provides a pay adjustment factor of 105 percent
when the work is extremely uniform and has only minor deviations from

the mix formula target value.

Thickness
Only three agencies provided schedules of pay adjustment factors

for application to the thickness of the completed asphalt concrete
pavement. As indicated in the earlier discussion on thickness in re-
sponse to Question 3 of the questionnaire, almost half of the agencies
do not accept a pavement thickness which is below the specification
tolerances. Most of these agencies specify that an overlay is required
to bring the thickness up to specification at the contractor's expense.
Several agencies also have a form of pay adjustment for deviations above
the specified thickness. For thicknesses which exceed that shown on the
plans by more than one-half inch, an amount equal to the computed weight
of that material in excess of the tolerance 1imit will be deducted from
the weight determined from the weigh slips.

0f the three agencies which submitted information on pay adjustment

factors each used a different approach. These approaches, as listed
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below, are illustrated in Appendix C.

A) Pay factors for the percent of lot area outside acceptance

Timits

B) Pay factors based on a computed quality index

C) Pay factors for variance from the plan thickness

The effects of these three different approaches on a project can
be easily evaluated by looking at an example. Assume a specified thick-
ness of six inches is required and the Tot samples provide thickness

values as follows:

Sublot #1 Sublot #2 Sublot #3
5.50 inches 5.60 inches 6.10 inches
5.40 5.70 5.80
5.35 6.30 5.20
5.25 6.25 5.35
6.00 6.50 5.40

Using New Jersey's criteria:

QL = Ave lot thickness - Thickness acceptance Timit
Average Range

average of all 15 samples from the
three sublots.

where: Average Lot Thickness

5.71 inches

Thickness Acceptance Limit = 5.3 inches for a 6" total thickness
based upon specification criteria.

Range Sublot #1 = 6.00- 5.25 = 0.75
Range Sublot #2 = 6.50 - 5.60 = 0.90
Range Sublot #3 = 6.10 - 5.20 = 0.90

1}
]

0.75 + 0.90 + 0.90 0.85

3

Average Range

100%(from Table C-24)

QL = 5.71 - 5.30 0. 48 —— Pay Factor
0.85

Using Iowa's criteria:

QI = Ave thickness
- Max thickness -

(Design thickness - 0.5)
Migimum thickness '
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Average Thickness = average of 15 samples

5.71 inches

Maximum Thickness - Minimum Thickness = 6.50 - 5.20 = 1.30 inches

QI = 5.71 - 5.50 0.16 —— Pay Factor = 85% (from Table C-25)

1.30

Using I11inois' criteria:

Variance = Design Thickness - Lot Average

Variance = 6.00 - 5.71 = 0.29 —— Pay Factor = 90% (from Table C-26)

The results of this example show that even for a characteristic
such as thickness, which can be related to pavement Tife through design
equations, the pay factors are evaluated differently by the various

agencies.

Smoothness

Six agencies provided information Onpay adjustment factors for
smoothness criterion. These agencies use four different approaches for
identifying pay adjustment factors for various Tevels of product quality.
The four approaches, as listed below, are presented in Appendix C.

A) Pay factors for the number of defects per Tot [T1]

=)

Pay factors for percent of length exceeding tolerances [2]

O

)

)

) Pay factors based on profile index [1]
)

D) Pay factors based on BPR Roughometér [2]

Due to the variety of measurement methods, it is impossible to
compare the results these various systems would provide on a particular
project. The questionnaire responses indicate that these approaches all
attempt to base their pay adjustment factors on the increased mainten-

ance requirements for pavements which are below specification.
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Asphalt Properties

Information on pay adjustment factors for asphalt properties was
provided by nine state agencies. The characteristics included in evalu-
ation of the asphalt Properties vary widely from state to state, but
almost all agencies include a check of the viscosity. The tabular in-
formation presented in Appendix C for asphalt properties covers only
portions of the viscosity tolerances and the associated pay adjustment
factors. Other characteristics which are evaluated by some agencies
include penetration range, percent residue, and flash point.

Three approaches are used by the nine agencies in identifying

pay factors for various levels of material quality. These approaches
are as follows:

A) Percent of reduction in contract price computed by a formula

based on statistics [2]

B) Pay factors for levels of viscosity (140°F) [6]

C) Pay factors for percent deviation from the specification [1]

Comparisons between the three approaches for a specific situation
is difficult. However, the disparity of the pay adjustment factors be-
tween states is clearly jllustrated by evaluation of Table C-32, which
provides information on pay factors for five agencies.

Using AC 20 as an example, all the agencies allow for full payment
when the viscosity (140°F) is in the range of 1600-2400 poises. The disparity
occurs in the pay adjustment factors for viscosity levels above or below
the basic range. For instance, a viscosity of 1350 poiseswould have pay fac-
tors ranging from 75 percent to 100 percent depending on which agency

was evaluating the asphalt cement.
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CONCLUSIONS AND RECOMMENDATIONS

The pay factor questionnaire, prepared and distributed by the Ore-
gon State Highway Division and Oregon State University, has proved to
be an extremely useful tool in evaluating the current status of quality
control procedures and the use of pay adjustment factors in the con-
struction of asphalt concrete pavement projects. The 92 percent
response rate by the state agencies is a key factor in the value of
this report and is also an indication of the intense interest in this
aspect of the construction process.

Conclusions

The data from the questionnaires were summarized and the analysis

of the results for the 47 agencies which responded indicate that:

1) Almost all state agencies, 91 percent, will accept one or more
properties in the construction and materials of asphalt concrete pave-
ment that are outside specification tolerances.

2) The specific properties accepted outside of specification tol-
erances by a Targe majority of the agencies are compaction, asphalt
content, asphalt properties, and mix gradation. The pavement thickness
and smoothness are additional properties accepted outside of specifi-
cation tolerances by approximately half of the agencies.

3) Most of the agencies which accept construction and materials
outside of specification tolerances apply a pay adjustment in reducing
the compensation to the contractor. It is important to note that the
current philosophy is to penalize the contractor for properties which
are below specification. A few agencies are considering the provision

of a bonus for properties which are found to be above specification and
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provide increased pavement serviceability or life. I1linois appears to
be the only state agency which currently provides a bonus for high
quality and uniform work.

4) The background relied on for establishing pay factors is pre-
dominately experience.

5) Only 26 percent of the agencies consider their pay factors to
be proportional to reduced pavement serviceability. Other widely used
rationale for pay factors are to discourage noncompliance by appli-
cation of the penalty and to comply with recommendations of the FHWA.

6) Approximately one-half of the agencies consider the use of pay
factor plans as effective in encouraging compliance with specifications.
The remaining agencies either will not use specified pay factors or
they don't believe the plans currently available are sufficient.

7) There is a wide disparity in the pay adjustment factors cur-
rently used by the different state agencies. There are several ap-
proaches used for determination of pay factors for each material pro-
perty evaluated. In addition, agencies using the same approach have
widely varying values for the pay factor applied to a common Tevel of

material quality.

Recommendations

The analysis of the questionnaire illustrates the controversial
nature of the concepts of accepting noncompliance construction and
materials and the application of pay adjustment factors. The following
recommendations are made for the purpose of clarifying some of

the critical issues and to develop a defendable rationale for these
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concepts.

1) Continue research and testing on current paving projects to
assess the effects of variations from specification limits of construc-
tion and material properties. The current joint project being con-
ducted by the Oregon State Highway Division and Oregon State University
is an example.

2) Use current research results and data available from past pro-
jects to identify the design characteristics or properties which are
critical to pavement serviceability and life.

3) Develop a uniformly accepted, equitable pay adjustment format
which is based on sound engineering principles that are defendable.

The use of layered elastic analysis and appropriate failure criteria
should be considered in preference to the current practice of using
standard design procedures such as the AASHTO flexible pavement design
method.

4) Evaluate the applicability of including bonus payments for
construction or materials which are above specification tolerances and

provide increased pavement serviceability or life.
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OREGON STATE HIGHWAY DIVISION
Questionnaire On Pay Adjustment Factors
for
Asphalt Concrete Mixtures

NOVEMBER 1979

Agency Reported by
Address Title
Date Completed Telephone No.

Please answer the following questions with reference to your current
methods for acceptance or rejection of asphalt concrete paving materials.
Should there be additional information (in the form of research reports,
internal memos, current standard procedures, proposed methods, etc.)
which would supplement your answers to the questions, we would appre-
ciate copies of these.

1. Do you accept asphalt concrete pavement construction and materials
that do not satisfy specification requirements:

Without payment adjustment?

With payment adjustment?

2. What properties do you evaluate to establish the acceptability of
an asphaltic concrete pavement? (Please include a copy of test pro-
cedure if not AASHTO.)

Property Yes No Method of Test
Thickness
Smoothness
Compaction

Asphalt Content

Asphalt Properties

Aggregate Quality

Mix Moisture Content

Mix Gradation
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3. What are your pay adjustment factors for each of the properties identi-
fied in No. 2 above? Please provide any available written procedures
for the determination of payment.

Range or .
Property Tolerance Pay Adjustment
Thickness
Smoothness
Compaction

Asphalt Content

Asphalt Properties

-

Aggregate Quality

Mix Moisture Content
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3. (continued)

R A
Property TZ?giagZe Pay Adjustment

Mix gradation

1 inch

3/4 inch

#4

200

4. How were your pay adjustment factors established?
laboratory results _ field studies __ experience __ other

Please provide any available written procedures used to establish the
pay factors.

5. Is your pay adjustment proportional to the value of reduced pavement
serviceability resulting from specification noncompliance? yes __ no.
If not, what is your rational for establishing pay adjustments? (Such
as cost of production, cost of quality control, other.)

6. Do you feel your pay adjustment factors are effective in encouraging
compliance with specifications?

yes no don't know

7. Please summarize your opinion regarding the need for pay adjustments
or the success of your method for acceptance of paving materials.
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Would you like to receive a summary of information from this survey?
yes no.

Please return by January 1, 1980 to: James E. Wilson, Jr.
Assistant Engineer of Materials
Oregon State Highway Division
Salem, Oregon 97310
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Yy on tests made after the fact
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APPENDIX C

Current Pay Adjustment Factors

of State Agencies
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PAY ADJUSTMENT FACTORS FOR COMPACTION

Percent of reduction in contract price is computed by a formula
based on statistics. In addition to compaction, this method will
also be referred to for determining the pay reduction on asphalt
content, asphalt properties, and mix gradation. The states of Alaska,
Colorado, and Washington use this method for compaction criteria.

The formula, P = (7h + aR - TU) x F, will be used if a maximum
1imit only is specified or; when the average of the test values
representing the lot is above the mid point of the specification
band or above the job-mix formula value.

The formula, P = (TL + aR - Xn) x F, will be used if a minimum
1imit only is specified or; when the average of test values repre-
senting the Tot is below the mid point of the specification band or
below the job-mix formula value.

Where:

P is the percent of reduction in contract price,

><|

average of lot test values, with "n" the number of values,

a variable to be used as "n" changes according to the following:

n =1 a=1.00
n=2 a= .7
n=3 a= .5
n=4 a= .4
n=2>5 a = 3

R difference between highest and lowest values in the group test
results from the lot,

T is the upper or maximum tolerance limit permitted by the spec-
ifications,

is the lower or minimum tolerance 1imit permitted by the spec-
ifications, and

F is the price reduction factor to be applied for each element
as shown in Table C-1.
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Table C-1: Price Reduction Factors for Various Asphalt

Paving Characteristics.

Characteristic Factor "F"

Compaction 7
1/2 inch sieve and larger 1
3/8 - #10 2
#16 - #100 3
No. 200 sieve 6
Asphalt content 25
Asphalt penetration 1
AR-4000W, viscosity, 140°F, poises 0.05
MC 70, viscosity, 140°F, centistokes 0.7
MC 800, viscosity, 140°F, centistokes 0.08
MC 3000, viscosity, 140°F, centistokes 0.02
Asphalt residue 3
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In cases where one or more elements show a positive P value,
such positive values will be added and the resulting sum will be
used to determine whether the material is in reasonably close con-
formity. If the total P is less than 3, or a negative gquantity, the
material will be accepted as being in reasonably close conformity.
If the total P value is between 3 and 25, the Engineer may require
correction or he may accept the material at a reduced price. If the
total P is greater than 25, the Engineer may: (1) require complete
removal and replacement with specification material at no additional
cost to the State; (2) require corrective action to bring the mater-
jal into reasonably close conformity at no additional cost to the
State; or (3) where the finished product is found to be reasonably
acceptable for the intended purpose permit the Contractor to leave
the material in place with an appropriate price adjustment which may
range from no payment to that which would have occurred had an ad-
justment been made where P = 25.

Percent of pay is tabulated relative to the in-place density as
a percent of the target density or lab density. The in-place density
is typically measured by nuclear gage and the target or lab densi-
ties are typically determined by the Marshall method. The pay fac-
tors for states using this method are given in Table C-2.

Percent of pay is tabulated relative to the percent of control
strip density achieved, with the control strip at a minimum of 94
percent of the calculated voidless mixture based on the apparent
specific gravity of aggregates. The pay factors for state agencies

using this method are given in Table C-3.
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Table C-2: Compaction Pay Factors for Percent of
Target Density.

Based on 5 Samples per lot

Connecticut** Hawa1i Louisiana Mississippi
% Target | % Pay | % Target| % Pay [ % Target| % Pay | % Target |% Pay
95-100 100 95-100 100 94-100 100 94.9-100 | 100
90-94.9 90 94-95 99 93-93.9 95 94.2-94.8 | 90
87-89.9 85 93-94 96 91-92.9 80 93.5-94.1| 70
<87 70* | 92-93 93 <91 50 92.8-93.4 | 50
91-92 85 <92.8 0
90-91 69
<90 10*

North Dakota South Dakotat Utah

% Target | % Pay| % Target| % Pay | % Target | % Pay

97-100 100 95-100 95-100 { 96-100 100

96-97 97 94 90-95 | 92-95.9 90

95-96 a3 93 80-90 <92 50*

94-95 85 92 70-80

<94 75% <91 40*

* Engineer makes decision on acceptance at reduced pay or total rejec-

tion.

*x Prgposed for implementation in specifications in 1981.
t+ Guidelines used by agency in negotiating.
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Table C-3: Compaction Pay Factors for Percent of Control
Strip Density. .

Florida Georgia
% Control Strip % Pay % Control Strip % Pay
98-100 100 97.5-100 100
97-98 95 97-97.4 97
96-97 90 96.5-96.9 95
<96 75* 95.5-96.4 90
93.5-95.4 80
91.5-93.4 70
90-91.4 50*
Indiana Vermont
% Target Pay Reduction | % Target [ % Pay
98-100 0 98-100 100
96-97.9 0.5% each 0.1% below 98 <98 g2*
95-95.9 10% plus 1% for each 0.1% below 96
<95 50%*

*Engineer makes decision on acceptance at reduced pay or total rejection.
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Percent of pay is tabulated relative to the percent of voidless
density. Determination of the bulk specific gravity for each speci-
men is made using a modified AASHTO T-166 method. Table C-4 gives
the pay factors for Nebraska which uses this method.

Percent of pay is tabulated relative to the daily mean air void
cuntent 1n the samples as determined by the Rice method. This meth-
od is being used by New York as an experimental specification and
the pay factors are given in Table C-5.

Percent of pay is tabulated relative to the deviation of a five
sample average either above or below the specified limits for air
voids. The pay factors shown in Table C-6 are those used by New
Jersey.

Price adjustment per unit is tabulated for the percent of com-
paction deficiency from the specified compaction. The pay unit is

3% mile of single lane pavement per 1ift and the specified target

density is determined from a control strip based on the relative
maximum density. Table C-7 shows the price adjustments used by
the State of Oregon.

Percent of pay is tabulated relative to a quality level (QL)
which is computed by one of the two following formulas. The pay
factors for the agencies using these formulas are presented in
Table C-8. The lab density, the mean core density and mean relative

density are all based on Marshall tests.

QL = Mean Lot Density X Control Strip Mean Core Density
Control Strip Target Density 0.95 x Maximum Lab Density

oL

Mean Relative Density - (0.60 x Range)
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Table C-4: Compaction Pay Factors for Percent

of Voidless Density.

Nebraska
% Voidless Density % Pay
90-100 100
89.5-89.9 95
89.0-89.4 70
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Table C-5: Compaction Pay Factors for Daily Mean
Aid Void Content.

New York

% Mean Air Void % Pay
7.0 or less 100
7.1-8.0 95
8.1-9.0 90
9.1-10.0 80
10.1-11.0 70
11.1-12.0 50
>12.0 Reject
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Table C-6: Compaction Pay Factors Based on Deviation
of Air Void Content.

New Jersey
Deviation above Deviation below
max. air voids min, air voids % Pay
0.1-1.0 - 95
1.1-2.0 0.1-0.5 90
>2.0 >0.5 80
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Table C-7: Compaction Price Adjustment for
Percent of Deficiency.

Oregon
Price Adjustment

Percent of Deficiency Per Unit

0.5 or less None

0.6 thru 1.0 $ 25.00

1.1 thru 2.0 50.00

2.1 thru 3.0 85.00

3.1 thru 4.0 135.00

4.1 thru 5.0 200.00

5.1 and more - Subject to correction, rejection or
higher deduction as Engineer
determines
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Table C-8: Compaction Pay Factors Based on Quality Level.

IT1inois (a) Minnesota (b)

QL % Pay QL % Pay
99-101 105 >95.5 100
98-98.9 100 94.5-95.4 95
97.7-97.9 97 93.5-94.4 90
97.4-97.6 95 92.5-93.4 80
96.8-97.3 90 91.5-92.4 60
96.3-96.7 80 <91.5 Reject

<96.3 50*

*Engineer makes decision on acceptance at reduced pay or total rejection.
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Percent of pay is tabulated for values of quality index (QI)

determined by a formula which relates the lot densities to a speci-

fied density. The specified density is 94 percent of the lab den-

sity based on Marshall tests. Table C-9 shows the pay factors for

this method as used by Iowa.

QI = Average Density % - Specified Density %
Highest Density % - Lowest Density %

Percent of pay is tabulated relative to the percent within

limits (PWL) estimated by the range method. The method for comput-

ing the PWL is given by the following procedure including reference

to Table C-11. Pay factors for the two agencies using this method

are given in Table C-10.

Procedure of Computing PWL

Find R by subtracting the smallest value from the largest value
in a group of measurements.

Find the Quality Index Qy by subtracting the average (X) of the
measurements from the upper specification limit (u) and divid-
ing the result by R.
_ (U -X)
Qu R
Find the Quality Index Q by subtracting the lower specifica-
tion limit (L) from the average (X) and dividing the result by

R.
_ (X -1)
QL" R
Estimate the percentage of material that will fall within the
upper tolerance 1imit by entering Table C-11 with Qy, using
the column appropriate to the total number (n) of measurements.

Estimate the percentage of material that will fall within the
lower tolerance (L) by entering Table C-11 with Qp, using the
column appropriate to the total number (n) of measurements.
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Table C-9: Compaction Pay Factors Based on
Quality Index.

Towa
01 % Pay
0.35+ 100
0.17-0.35 95
0.00-0.16 85
Negative 75%

*Engineer makes decision on acceptance at reduced
pay or total rejection.
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Table C-10: Compaction Pay Factors for Percent
Within Limits.

Pennsylvania West Virginia

PWL % Pay PWL % Pay
90-99 95 85-100 100
85-89 90 80-85 98
80-84 80 75-80 97
75-79 70 70-75 93
70-74 60 <70 *
65-69 50

<65 Reject

*Engineer makes decision on acceptance at reduced pay or total rejection.
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In cases where both upper (U) and lower (L) tolerance limits
are concerned, find the percent of material that will fall
within tolerances by adding the percent (P;;) within the upper
(U) tolerance to the percent (P_) within the Tower (L) toler-
ance and subtract 100 from the sum.

Total percent with limits = (PU + PL) - 100
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PAY ADJUSTMENT FACTORS FOR ASPHALT CONTENT

Percent of reduction in contract price is computed by a for-
mula based on statistics. Refer to item A under Compaction on page
64 for details of the computation procedure. This method is spec-
ified by the states of Alaska, Colorado and New Mexico.

Pay reduction is based on the percent out of tolerance for the
samples obtained. These factors are given in Table C-12 for the
respective agencies.

Percent of pay is tabulated relative to the average deviation

of the 1ot samples from the job mix. Asphalt content is typically
measured by extraction methods. Table C-13 gives the pay factors
for the agencies using this method. Note that the pay adjust-
ment factors are applied when the deviation is either above or
below the job mix target value.

Pay adjustment is tabulated relative to the percent within
Timits (PWL) estimated by the range method. Refer to item J under
Compaction on page 75 for details of the computation procedure.
Table C-14 gives the pay factors for the agencies using this
approach.

Pay reduction is tabulated relative to the deviation of the
sample average as a percent of the job mix tolerance. The pay
reductions for this approach are shown in Table C-15.

Percent of pay is tabulated relative to the deviation of the
mean below the job mix tolerance as shown in Tabel C-16 or is com-

puted by a formula when the deviation of the mean is above the job
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Table C-12: Asphalt Content Pay Reduction for
Percent Out of Tolerance.

! State Pay Reduction

E Indiana 3% for each 0.1% out of tolerance
4

{

2% for first 0.1% out of tolerance
Minnesota

5% for each 0.1% above 0.1%

Virginia

1% for each 0.1% out of tolerance
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Table C-14: Asphalt Content Pay Factors
for Percent Within Limits

Arizona* Pennsylvania
PWL Pay Reduction PWL % Pay
per Contract
Unit Price !
80-100 0 90-100 100
70-79 $ 0.50 88-89 99
60-69 | 1.00 85-87 98
50-59 . 1.50 80-84 95
0-49 2.00 or 77-79 90
reject 74-76 85
72-73 80
70-71 5 75
< 70 reject

*

Proposed plan not in specification
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Table C-15: Asphalt Content Pay Reduction
for Deviation of Sample Average
as Percent of Mix Tolerance

New Jersey

% of Tolerance

Pay Reduction

1-50
51-100
> 100

2%
5%
10% or reject
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mix tolerance. The formula uses an adjustment factor which is re-
lated to the deviation as shown in Table C-17. This method is used
by South Dakota as a guideline in negotiations for acceptance of
noncompliance material.

Pay Factor for Deviation above Mix Tolerance

p.F. = 100 - [2(A) 4 p]

where: D = Deviation
A = Unit Price Bid on Asphalt
M = Unit Price Bid on Mix
R = Adjustment Factor (Table C-17)

Price adjustment is computed by a specified procedure based on
the percent of asphalt above or below the mix design tolerance. The
following procedure is used by Oregon.

For each failing test the percentage of asphalt above or below
the mix design tolerance is tabulated together with the quantity of
mix represented by that test. These two values are then multiplied
to determine the equivalent gquantity for which no payment will be
made. The summation of these quantities for all failing tests is
then multiplied by the asphalt bid price to determine the price
adjustment. (Note: The dollar amount for this price adjustment may
be increased after a further study of the detrimental affect of high
or low asphalt content.)

Percent of pay is tabulated relative to the degree of noncon-
formance based on the moving average of test samples using the

following formulas. These pay factors are shown in Table C-18.



Table C-16:

Asphalt Content Pay
Factors for Deviation
Below Mix Tolerances

South Dakota

Deviation

— OO0 O0OO0O0OOOOO
OQWONOUTHWRN —

OCOCMTOLIOCOoOCToTw
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Table C-17: Asphalt Content Ad-

justment Factor for
Deviation Above Mix
Tolerances

South Dakota

Deviation | R
|

0.1 0
0.2 0
0.3 0.75
0.4 1.5
0.5 2.5
0.6 4.0
0.7 5.5
0.8 7.5
0.9 8.75
1.0 10.75
1.1 12.5
1.2 15.0
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Table C-18: Asphalt Content Pay Factors for Degree
of Nonconformance of Moving Average

West Virginia

Qu or Q % Pay
0 | 100
0.1 | 95
0.2 | 90
0.3 | 86
0.4 ] 81
0.5 1 75




where:

UL
LL

><|

88

X - UL or Q

Upper Limit
Lower Limit

Moving Average of Four Tests
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PAY ADJUSTMENT FACTORS FOR MIX GRADATION

Percent of reduction in contract price is computed by a formula

based on statistics. Refer to item A under Compaction on page 64

for details of the computation procedure. This method is specified
by the states of Alaska, Colorado, New Mexico, and Washington.

Percent of pay is tabulated relative to the deviation of the
mean of the lot samples from the job mix formula. The pay factors
are shown in Table C-19 for the agencies using this method. Note
that this table identifies the four sieve sizes typically specified.
Some states include additional sieve sizes in their evaluations.
The values of deviation in all cases are applicable both above and
below thefmix formula target levels.

Pay reduction is tabulated relative to the percent within
Timits (PWL) estimated by the range method. Refer to item J under
Compaction on page 75 for details of the computation procedure.
Table C-20 gives the pay factors currently proposed by Arizona for
future inclusion in their specifications.

Pay reduction is tabulated relative to the deviation of the
sample average as a percent of the job mix tolerance. Table C-21
shows the pay reductions used in this method.

Pay reduction is based on the deviation of the sample means
beyond the mix tolerance. These factors are given in Table C-22
for the respective agencies using this method.

Percent of pay is tabulated relative to the degree of noncon-
formance (DN) based on the moving average of the lot samples. Table

C-23 shows the pay factors for the DN as calculated by the formula:
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Factors for Deviation of the Mean from Mix Formula

Y

Mix Gradation Pa
Based on 5

Table C-19:

les per lot +

samp

» Pay

to. 200

I

| No. 8 or No. 10
.23-0.2(Range] |

6.2
\ 5.9
6.9

T

i State

100
97
95

2.19
2.54

.83-0.2(Range) ; 2.31-0.2(Range)
|

5.8
5.6
6.4

.62-0.2(Range*)

6.6
6.3
7.3
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Table C-20: Mix Gradation Pay Reduction
for Percent Within Limits
Arizona
PWL Pay Reduction per
Contract Unit
Price
80-100 0
70-79 $ 0.50
60-69 1.00
50-59 1.50
0-49 2.00 or

reject
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Table C-21: Mix Gradation Pay Reduction for
Deviation of Sample Average as
Percent of Mix Tolerance

New Jersey
% of Tolerance % Pay
1-50 2%
51-100 5%
> 100 10% or
reject




93

Table C-22: Mix Gradation Pay Reduction
for Percent Out of Tolerance

State Pay Reduction
Indiana 3/8 - 1% for each 1% beyond tolerance
No. 4 - 1% for each 1% beyond tolerance
No. 8 - 1% for each 1% beyond tolerance
No. 200 - 3% for each 1% beyond tolerance
South Dakota 3/8 - 1% for each 1% beyond tolerance
No. 4 - 1% for each 1% beyond tolerance
No. 8 ~ 1% for each 1% beyond tolerance
No. 200 - 2% for each 1% beyond tolerance
Virginia 3/8 - 1% for each 1% beyond tolerance
No. 4 - 1% for each 1% beyond tolerance
No. 8 - 1% for each 1% beyond tolerance
No. 200 - 3% for each 1% beyond tolerance




where:
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DN = tM(L - X) + zM(X - U)

M =1 for 3/8, No. 4, and No. 8 sieves
M = 2.5 for No. 200 sieve

X = Average Samples

L = Lower Limit

U = Upper Limit

Pay adjustment is computed by a detailed procedure for a mix

that does not meet substantial compliance. This procedure, used by

Oregon, is given below.

a)

b)

c)

d)

e)

List the percent outside specifications for each sieve size.

Sum the percent passing the #10 and passing the #40 sieve (from
step a) and multiply by 1.5.

Multiply the percent passing the #200 sieve (from step a) by
2.0.

Add the results of steps b) and c) to the percent of all Targer
sieve sizes listed in step a).

Determine the aggregate weight (in tons) of the material repre-
sented by the test.

Multiply the results of step d) by the results of step e) to
determine the equivalent quantity for which no payment will be
made.

Sum the results of step f) for all failing tests.
The results obtained in step g) is multiplied by the bid price

to determine the gradation portion of the price adjustment for
mixtures that are not in substantial compliance.
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Table C-23: Mix Gradation Pay Factors for
Degree of Nonconformance
West Virginia

DN % Pay
0- 2.0 100
2.1- 4.0 98
4.1- 6.0 97
6.1- 8.0 93
8.1-10.1 85

> 10.1 Engr.
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PAY ADJUSTMENT FACTORS FOR THICKNESS

Percent of pay is tabulated relative to the percent of the lot
area which is outside the thickness acceptance 1imit as determined
by a computed quality level (QL). These pay factors are shown in
Table C-24.

QL = Average Lot Thickness - Thickness Acceptance Limit
Average Range

where:

Average Lot Thickness = Average of total thickness measure-

ments from 15 cores

Average Range Average of three R values if R is the

range in total thickness in each group

of five consecutive cores.
Percent of pay is tabulated relative to the quality index (QI)
which is computed according to the following formula. The pay fac-

tors listed in Table C-25 are those used by Iowa.

ql = Average Thickness - (Designated Thickness - 0.5)
Maximum Thickness - Minimum Thickness

Percent of contract price is tabulated for the variance of the
Tot average either above or below the specification thickness. The

pay factors used by I11inois for this method are given in Table C-26.
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Table C-24: Thickess Pay Factors for Percent Lot
Area Outside Acceptance Limits
New Jersey
QL % Lot Area

Equal to or Less Outside % Pay

Greater Than Than Limit
0.36 -- 0-20 100
0.29 0.36 21-25 95
0.23 0.29 26-30 90
0.17 0.23 31-35 80
0.1 0.17 36-40 50

-- 0.11 > 40 Remove
or
Overlay
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Table C-25: Thickness Pay Factors Based
on Quality Index

Iowa
QI % Pay
0.40+ 100 ‘
0.17-0.40 95
0.00-0.16 85
negative 75%

* Engineer makes decision on acceptance
at reduced pay or total rejection.
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Table C-26: Thickness Pay Factors for
Variance from Plan Thickness

IT11inois
Variance % Pay
Inches Over Plan Thickness Under Plan Thickness

0-0.15 110 110
0.16-0.25 100 100
0.26-0.35 90 90
0.36-0.45 70 70
0.46-0.55 40 Overlay

> 0.56 40 Overlay
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PAY ADJUSTMENT FACTORS FOR SMOOTHNESS

Percent of pay is tabulated relative to the number of defects
per Tot (1/4 inch to 3/8 inch). The test is made with a rolling ten
foot straightedge operated parallel to the centerline in each wheel-
path of each lane. The pay factors as listed by Florida are shown
in Table C-27.

Percent of pay is tabulated with respect to the percent of
roadway length parallel to the centerline which is exceeding the
surface tolerance. The test is made with a ten foot rolling
straightedge. Table C-28 shows the pay factors for the agencies
using this approach.

Percent of pay is tabulated relative to the profile index in
inches per 0.1 mile. These measurements are made with a California
Type Profilograph. Indiana uses the pay factors shown in Table
C-29.

Percent of pay 15 tabulated relative to the values for rough-
ness obtained by measurements with a BPR Roughometer. These measure-
ments in inches per mile are identified with their respective pay

factor in Table C-30.
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Table C-27: Smoothness Pay Factors for
Number of Defects per Lot

Florida
Number Defects
Per Lot % Pay
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Table C-28: Smoothness Pay Factors for Percent
of Length Exceeding Tolerances

Louisiana . New Jersey
1/8" 3/16" % Pay 1/8" % Pay
0-0.1 0-0.5 100 0-1.3 100
1-1.5 0.51-0.75 95 1.4-2.3 98
6-2.5 0.76-1.50 80 2.4-3.4 95
> 2.5 > 1.5 50*

Engineer makes decision on acceptance at reduced pay or
total rejection requiring an overlay.




103

Table C-29: Smoothness Pay Factors Based
on Profile Index

Indiana
Profile Index 9 Pay
Inches/0.1 Mile )
0-1.2 100
1.21-1.3 98
1.31-1.4 96
1.41-1.5 92
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Table C-30: Smoothness Pay Factors Based
on FHWA Roughmeter

Vermont West Virginia
Roughometer % Pay ‘Roughometer % Pay
Inches/Mile Inches/Mile

0-100 100 0-81 100
101-110 98 82-95 90
> 110 95 > 95 Engr.
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PAY ADJUSTMENT FACTORS FOR ASPHALT PROPERTIES

Percent of reduction in contract price is computed by a formula
based on statistics. Refer to item A under Compaction on page 64 for
details of the computation procedure. This method is specified by
the states of New Mexico and wéshington.

Percent of pay is tabulated with respect to the deviation from
specification tolerances of various asphalt properties. While
several agencies have pay factors for a variety of properties, vis-
cosity is typically specified as shown in Tables C-31 and and C-32.

Percent of pay is tabulated for the percent deviation from
specification 1imits for each characteristic of the asphalt evalu-

ated. The pay factors for this method are given in Table C-33.
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Table C-31: Asphalt Property Pay Factors for
Viscosity (140°F) of Cut-Back Asphalts
Connecticut Iowa

MC 70 MC 800 % Pay MC 70 MC 800 % Pay

30-44.9 500-599.9 75 58.2-64 668-733 80

45-59.9 600-699.9 90 64.1-69.9 734-799 90

60-69.9 700-799.9 95 70-140 800-1600 100

70-140 800-1600 100 141-164 1601-1740 90
140.1-155 | 1600.1-1750 95 165-188 1750-1880 80
155.1-170 | 1750.1-1900 90 189-212 1890-1960 70
170.1-240 | 1900.1-2200 75
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Table C-32: Asphalt Property Pay Factors for Viscosity (140°F) of
Asphalt Cement.
Florida Towa
AC b AC 20 % Pay AC 10 AC 20 % Pay
340-374 1375-1499 80 595- 678 1160-1330 60
375-399 1500-1599 90 679- 746 1340-1470 80
400-600 1600-2400 100 747- 781 1480-1550 95
601-625 2401-2500 90 782- 799 1560-1590 98
626-660 2501-2625 80 800-1200 1600-2400 100
1210-1240 2410-2480 98
1250-1350 2490-2690 95
Kentucky Louisiana
AC 10 AC 20 % Pay AC 30 % Pay
450- 559 900-1049 40 < 2399 95
560- 659 | 1050-1199 70 2400-3600 100
660- 759 | 1200-1349 85 > 3600 95
760-1349 | 1350-2520 100
1350-1500 | 2521-2670 85
1501-1650 | 2671-2820 70
1651-1800 | 2821-2970 40
Wyoming
AC T0 AC 20 7 Pay
< 720 < 1440 75
720- 739 | 1440-1479 85
740-759 1480-1519 90
760-779 1520-1559 95
780-1220 | 1560-2440 100
1221-1240 | 2441-2480 95
1241-1260 | 2481-2520 90
1261-1280 | 2521-2560 85
> 1280 > 2560 75
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Table C-33: Asphalt Property Pay Factors for Percent
Deviation from Specification.

Arizona
% Dev. % Pay
0-10 90
10-25 75
> 25 40 or
reject






