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NOTICE 

The opinions and conclusions expressed or implied in this report are those of the authors who are 
responsible for the facts and accuracy of the data presented herein. The contents do not necessarily 
reflect the official views or policy of the Oklahoma Department of Transportation or the Federal Highway 
Administration. This report does not constitute a standard, specification or regulation. Trade or 
manufacturer's names appear herein solely because they are considered essential to the object of this 
report. 
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EXECUTIVE SUMMARY 

Faced with significant expansion in the highway construction program and increasing concerns 
about the quality of highway and bridge construction, the Oklahoma Department of Transportation 
(Ooon turned to quality assurance specifications in 1989 after several years of careful study and 
consideration. The primary reason for the change was to improve construction quality by assigning the 

responsibility for quality control to the party that has actual control over the construction process -- the 
contractor or material supplier. 

This report summarizes the findings of phase-I of ODOT research project 2179 -- Evaluation of 

Components of Variability in Bituminous Concrete Pavement Construction. The overall objective ofthis 

project was to develop a better understanding of the sources and relative magnitudes of variation in the 

measured properties of what is considered acceptable bituminous concrete pavement materials and 
construction in Oklahoma. The specific objective of phase-I was to evaluate the ODOT 's Quality 
Assurance Specifications (QAS} for bituminous concrete pavements in comparison with those developed 
by other states in tenns of the quality attributes used for acceptance, allowable deviations for 100% pay, 
reported values of the standard deviation of acceptable construction, and fonns of the overall pay factor. 

To meet the objectives of this phase, a survey of practice was conducted in Fall 1990. A letter 
was mailed to state DOTs asking whether the agency is using statistically-based QAS for bituminous 
concrete pavement construction, and if so, the letter requested copies of the specifications. In addition, 
the letter inquired about any relevant studies that were perfonned to determine the components of 
variability due to materials, sampling, and testing. Thirty state DOTs responded to the letter. Wherever 
necessary, follow-up communications were made to clarify responses. 

Of the 30 state DOTs which responded to the survey, 70% had statistically-based QAS, 17% 
reported the use of combination of method specifications and QAS, and 13% were in the process of 
developing QAS or planning to develop one. High levels of satisfaction with, and confidence in, QAS 
were expressed by many of the agencies which used them. From the results of the survey, the following 
conclusions were made: 

• There was a wide variation among specifying agencies in the quality attributes used for acceptance 

purposes, definition of lot and sublot of bituminous pavement, decision rule for acceptance, 
allowable tolerances for acceptable construction, and the basis for payment 

• For acceptance purposes, the three most often used quality attributes were aggregate gradation, asphalt 

conte� and in-place density. 

• The two most common decision rules for acceptance were the percent within limits method and the 
average deviation method. 

• The methods used to determine the payment for a lot of construction material varied significantly 

among the different agencies. 
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CHAPTER 1 

INTRODUCTION 

Materials and construction (M&C) variables which affect pavement performance and can be 
controlled by the contractor are central to any construction specification: The oldest type of specifications 
that has been traditionally used by state departments of transportation (DOTs) is the method 
specifications. With this type of specification, the contractor is required to follow step-by-step 
procedures using materials and equipment specified by the user agency which places itself in a 
compromising position by assuming responsibility for both quality control and acceptance. One 
shortcoming of method specifications is that th�y eliminate the incentive to improve quality; contractors 
are responsible for what they are instructed to do, not for doing it better. Another deficiency is that 
penalties for contractor's nonconfonnance are based solely on the judgement of the inspector. 

Intuitively-based end result specifications that require a prescribed level of some attribute of a 
product have been used in lieu of or in combination with method specifications for years. Typically, 
the limits for these specifications are derived intuitively based on what the specification writer feels is 
achievable. Responsibility for process control is assigned to the contractor. One of the most publicized 
uses of this type of specification is the AASHO Road Test which was conducted in the early 1960's to 
evaluate highway design, specifications, and construction practices. Results of the road test indicated 
that many of the specification limits used were very restrictive and unrealistic. 

To help overcome the problem of end-result specifications being too tight and often lacking 
definition, the FHWA prompted studies in the 1960's to determine what process average and variability 
should reasonably be expected based on the historical performance of the construction industry. These 
studies led to the development of what is now known as statistically-based quality assurance specifications 
(QAS). Over the past two decades, an increasing number of state DOTs have moved from method 
specifications to QAS. Unlike method specifications, the contractor is responsible for quality control 
and has sufficient latitude to choose construction materials and methods that will enhance quality. 
Acceptance sampling and testing may be performed by the user agency or the contractor, as desired by 
the user agency. Pay adjustments are based on quality attributes that reflect the level of contractor's 
control of construction materials and methods. Statistically-based QAS have several distinct advantages 
that have been recognized by both the construction industry and state DOTs [2]. 

Another type of construction specifications that has recently emerged is the peiformance-related 
specifications (PRS). In basic intent, PRS are similar to QAS with the primary difference being that 
payment under PRS is dependent on the predicted loss in product life or perfonnance. A recently 
completed NCHRP research project outlines the conceptual framework for the development of PRS [1]. 
Nevertheless, the state-of-the-art is not sufficient to develop fully functional PRS at the present time. 

PROBLEM STATEtvfENT 

Faced with significant expansion in the highway construction program and increasing concerns 
about the quality of highway and bridge construction, the Oklahoma Department of Transportation 
(ODOT) turned to quality assurance specifications in 1989 after several years of careful study and 
consideration. The primary reason for the change was to improve construction quality by assigning the 
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• Evaluate accuracy of the nuclear density 

density measurements and core density me:as11re1rne1nts. 

• Correlate results nuclear test method 

using solvent extraction method. 

2 

obtained 



RESEARCH APPROACH 

To meet the objectives of this project, a research plan consisting of two phases was adopted. In 
phase-I, the following tasks were addressed: 

Task 1. Literature Review - Review and document national and local experiences with detennining the 
statistical parameters of acceptable construction materials and products. 

Task 2. Evaluation of Existing Data on Variability .. Using available data from the ODOT's Materials 
Division , detennirie the overall variability in the quality attributes of selected bituminous concrete 
pavement projects which were constructed in the past. 

Task 3. Survey of Quality Assurance Specifications of Other States - Evaluate the ODOT's quality 
assurance specifications in comparison with the specification5 developed by other states DOTs. 

Phase-II tasks include the following: 

Task 4. Planning and Executing Field Sampling Program - The objective of this task was to conduct 
a field sampling program to obtain measurements of the quality attributes of acceptable bituminous 
concrete pavement construction. Sampling was based on the principles of random sampling and 
statistical experimental design. 

Sampling was conducted both at the production plant and the roadway independent of acceptance 
sampling and job control sampling. Fifty sample units were obtained from a lot of 4,000 tons of 
bituminous concrete production. The lot was divided into 25 equal sublots, and two sample-units were 
obtained from each sublot at random. Sample-units of the aggregate were obtained from the cold feed 
conveyor bell In addition, sample-units of the fresh bituminous mix were taken from delivery trucks 
at the plant. Nuclear density gauge measurements were made at randomly selected points on the finished 
pavement; two density measurements per sublol At the conclusion of the nuclear gauge test, two cores 
were drilled at each sampling location. 

Task 5. Field and laboratory Testing .. The sample-units obtained in Task 4 were forwarded to the 
materials laboratories in the different ODOT Divisions for testing. All sample-units were tested in 
duplicate by dividing each sample-unit into two test specimens using approved splitting and quartering 
methods. Preparation of test specimens and testing methods were in accordance with the ODOT standard 
test methods. 

Task 6. Analysis of Test results - Analysis of variance (ANOV A) procedures were applied to the test 
results obtained in Task 5 to detennine the components of the overall variation in the measured quality 
attributes. The percent of measurements within the JMF tolerances, QA/QC Specification tolerances, 
and the 2-sigma and 3-sigma limits were computed. Results of the nuclear gauge test methods for 
asphalt content and in-place density were analyzed. 

The results of Phase-I (Tasks 1, 2, and 3) were assembled in this interim report. Beyond 
describing the state of practice, the focus of this report has been on the identification of the quality 
attributes used for acceptance, the fonns of the decision rules used in determining the level of contractor 
confonnance and the associated pay deductions and/or incentives, and the allowable variations in 
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Figure 1; States Responded to Statistically-Based 

M&C VARIABLES IN ACCEPTANCE 

Ideally, the quality attributes used in acceptance must be related to pavement perfonnance, can 
be controlled by the contractor, and are independent variables that do not lead to a double jeopardy 
condition. Based on the survey of practice, variables used state DOTs include one or 
more of the following: 

- Asphalt cement content 
- Aggregate gradation 
- Air voids 
... Stability 
.. In-place density 
- Fineness modulus 

Figure 2 illustrates the percent of agencies the above variables. Aggregate 
gradation, asphalt cement content, and in-place rlonc:oii•u are the three most commonly used variables. 
Of the states with statistically-based acceptance nrocedlure:s. voids is used three agencies 

(Arizona, New Jersey, and Oklahoma), stability is two agencies (Arizona and Oklahoma), and 
fineness modulus is used by one agency 
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Figure 2. Quality Attributes Used in Acceptance 

The distribution of the number of variables used in acceptance is shown in Figure 3. Thirty 
percent of the agencies use one variable, 50% use two or less variables, 85% use three or less variables, 
and 90% use four or less variables. 
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Figure 3. Number of Attributes Used in Acceptance 
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NUMBER OF ACCEPTANCE TESTS 

Typically, the number of acceptance tests is specified per sublet. This approach is used by 76% 
of the states. One test per sublot is the most frequently used number. Some agencies specify that the 
average of two or more tests of a particular quality attribute be treated as one test in detennining the pay 
factor. Examples of states using this method include Indiana, Oklahoma and Oregon. Further details 
on the number of acceptance tests are included in Table A-1 (Appendix A). 

DECISION RULES FOR ACCEPTANCE 

Materials and construction variables are stochastic in nature and should be treated as such in any 
rationale acceptance plan. Both the mean and a measure of dispersion are necessary in order to 
characterize the statistical distributions of these variables. Dispersion is most often measured by the 
standard deviation which can be either known or unknown. In the fonner case, the standard deviation 
is estimated from historical data on process variability, whereas in the latter case, it is detennined from 
acceptance test results. Some agencies employ the range of test results as a measure of dispersion. 

Appendix A includes a summary of the decision rules for acceptance as obtained from the survey 
of practice. The two most common decision rules are the percent within limits (PWL) method and the 
average deviation method. As depicted in Figure 5, the PWL method is used by 38% of the agencies 
which responded to the survey including Arizona, Colorado, New Jersey, New York, Oregon, 
Pennsylvania, Washington, and West Virginia. The average deviation method is used by another 38% 
of the agencies including Florida, Georgia, Kentucky, Nebraska, Oklahoma, South Carolina, 
Tennessee, and Virginia. 

Decision Rule 

PWL 

Average Deviation 

Other 

0 10 20 30 40 60 60 70 80 90 100 
Percent of States 

Figure 5. Decision Rules for Acceptance 
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TABLE 2. PERCENT WlTillN Lif\.1ITS ANALYSIS, VALUES OF Pu & PL a 

Upper Quality Index Qu or Lower Quality Index � 

Sample Size (n) 

Pu or PL 
3 4 s 6 7 8 9 10-11 12-14 15-18 19-25 

100 1.16 1.50 1.79 2.03 2.23 2.39 2.53 2.65 2.83 3.03 3.20 

99 1.47 1.67 1.80 1.89 1.95 2.00 2.04 2.09 2.14 2.18 

98 1.15 1.44 1.60 1.70 1 .76 1.81 1.84 1.86 1.91 1.93 1.96 
97 1.41 1.54 1.62 1.67 1.70 1.72 1.74 1.77 1.79 1.81 

96 1.14 1.38 1.49 1.55 1.59 1.61 1.63 1 .65 1.67 1.68 1.70 
95 1.35 1.44 1 .49 1.52 1.54 1.55 1.56 1.58 1.59 1.61 

94 1.13 1 .32 1.39 1.43 1.46 1.47 1.48 1.49 1.50 1.51 1.52 
93 1.29 1.35 1.38 1.40 1.41 1.42 1.43 1.44 1.44 1.45 

92 1.12 1.26 1.31 1.33 1.35 1.36 1.36 1.37 1.37 1.38 1.39 

91 1.11 1.23 1.27 1.29 1.30 1.30 1.31 1.31 1.32 1 .32 1.33 

90 1.10 1.20 1.23 1.24 1.25 1.25 1.26 1.26 1.26 1.27 1.27 
89 1.09 1.17 1.19 1.20 1.20 1.21 1.21 1.21 1.21 1.22 1.22 

88 1.07 1.14 1.15 1.16 1.16 1.16 1.17 1.17 1.17 1.17 1.17 

87 1.06 1.11 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 

86 1.04 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1 .08 1.08 1.08 

85 1.03 1.05 1.05 1.()4 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

84 1.01 1.02 1.01 1.01 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

83 1.00 0.99 0.98 0.97 0.97 0.96 0.96 0.96 0.96 0.96 0.96 

82 0.97 0.96 0.95 0.94 0.93 0.93 0.93 0.92 0.92 0.92 0.92 

81 0.96 0.93 0.91 0.90 0.90 0.89 0.89 0.89 0.89 0.88 0.88 

80 0.93 0.90 0.88 0.87 0.86 0.86 0.86 0.85 0.85 0.85 0.85 

79 0.91 0.87 0.85 0.84 0.83 0.82 0.82 0.82 0.82 0.81 0.81 

78 0.89 0.84 0.82 0.80 0.80 0.79 0.79 0.79 0.78 0.78 0.78 
77 0.87 0.81 0.78 0.77 0.76 0.76 0.76 0.75 0.75 0.75 0.75 

76 0.84 0.78 0.75 0.74 0.73 0.73 0.72 0.72 0.72 0.71 0.71 
75 0.82 0.75 0.72 0.71 0.70 0.70 0.69 0.69 0.69 0.68 0.68 

74 0.79 0.72 0.69 0.68 0.67 0.66 0.66 0.66 0.66 0.65 0.65 

73 0.76 0.69 0.66 0.65 0.64 0.63 0.63 0.63 0.62 0.62 0.62 
72 0.74 0.66 0.63 0.62 0.61 0.60 0.60 0.60 0.59 0.59 0.59 

71 0.71 0.63 0.60 0.59 0.58 0.57 0.57 0.57 0.57 0.56 0.56 

70 0.68 0.60 0.57 0.56 0.55 0.55 0.54 0.54 0.54 0.53 0.53 

69 0.65 0.57 0.54 0.53 0.52 0.52 0.51 0.51 0.51 0.50 0.50 

68 0.62 0.54 0.51 0.50 0.49 0.49 0.48 0.48 0.48 0.48 0.47 
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TABLE 2 (continued). PERCENT WITHIN LIMITS VALUES OF Pu & 
Upper Quality Index Qu or Lower Quality Index Q_ 

Size (n) 
Pu or 

3 4 5 6 7 8 9 19-25 

67 0.59 0.51 0.47 0.47 0.46 0.46 0.46 0.45 

66 0.56 0.48 0.45 0.44 0.44 0.43 0.43 0.42 0.42 0.42 
0.45 0.43 0.41 0.41 0.40 0.40 0.40 0.40 0.39 0.39 

0.49 0.42 0.40 0.37 0.37 0.36 

0.46 0.39 0.37 0.35 0.34 0.34 

0.36 

0.33 

59 0.27 
58 0.29 0.24 0.23 0.22 0.21 0.21 0.21 0.21 0.20 

57 0.25 0.21 0.20 0.19 0.19 0.18 0.18 0.18 0.18 

56 0.22 0.18 0.17 0.16 0.16 0.16 0.16 0.16 0.16 

55 

54 
53 

0.00 

a to 100 minus the tabulated value of 
in the table, use the next 



TABLE 3. PERCENT WITHIN LIMITS ANALYSIS. PAY .FACTORS • 

Percent Within Limits 

Pay 
Sample Size (n) Factor 

3 4 5 6 7 8 9 10-11 12-14 15-18 19-25 
1.05 100 100 100 100 100 100 100 100 100 100 100 
1.04 90 91 92 93 93 93 94 94  95 95 96 

1.03 8 0  85 87 88 89 90 91 91 92 93 93 

1.02 75 80 83 85 86 87 88  88 89 90 91 
1.01 7 1  77 8 0  82 84 85 85 86 87 88 89  

1.00 68 74 78 80 81 82 8 3  84 85 86 87 

0.99 66 72 75 77 79 80 81 82 83  85  86 

0.98 64 70 73 75 77 78 79 8 0  81 8 3  84 
0.97 62 68 71 74 75 77 78 78 80 81 83 

0.96 60 66 69 72 73 75 76 77 78 80 81 

0.95 59 64 68 70 72 73 74 75 77 78 80 
0.94 57 63 66 68 70 72 73 74 75 77 78 

0.93 56 61 65 67 69 70 71  73 74 75 77  
0.92 55 60 63 65 67 69 70 71 72 74 75 

0.91 53 58 62 64 66 67 68 69 71 73 74 

0.90 52 57 60 63 64 66 67 68 70 71 73 
0.89 51 55 59 61 63 64 66 67 68 70 72 
0.88 50 54 57 60 62 63 64 65 67 69 7 0 

0.87 48 53 56 58 60 62 63 64 66 67 69 
0.86 47 51 55 57 59 60 62 63 64 66 68 
0.85 46 50 53 56 58 59 60 61 63 65 67 

0.84 45 40 52 55 56 58 59 60 62 64 65 
0.83 44 48 51 53 55 57 58 59 61 63 64 
0.82 42 46 50 52 54 55 57 58 60 61 63 

0.81 41 45 48 51 53 54 56 57 58 60 62 
0.80 40 44 47 50 52 53 54 55 57 59 61 
0.79 38 43 46 48 50 52 53 54 56 58 60 
0.78 37 41 45 47 49 51 52 53 55 57 59 
0.77 36 40 43 46 48 50 51 52 54 56 57 

0.76 34 39 42 45 47 48 50 51 53 55 56 

0.75 33 38 41 44 46 47 49 50 51 53 55 

Reject Quality Levels Less Than Those Specified for a 0.75 Pay Factor 
a To obtain a given pay factor, the computed PWL shall equal to or exceed the value in the table. Delete 

the rows associated with pay factor greater than 1.00 where quality incentives are not allowed. 

13 



PAY1\1ENT 

A wide variation exists among state in the payment for a 
concrete pavement. The following methods are rank ordered based on the frequency of 

1. Payment material in a is made at a 
by a factor (CPF) which is a 
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-A..11.QJU.•V•A•·"· Oregon, Pennsylvania, 
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2. in a lot is made at a price detem1im�d 
by the factors est:ar:u1tsm�a 

agencies using this method mcJuae 

3. a is made at a 
individual pay ... "''·"IA.l'llt.'J estao11tsm�a 

method include South ( '".lt'nlU'"i0"'.11 

t'avme1nt for material in a lot is made at a 

5. Payment 

applicable 
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by the average 
of agencies 

a lot is made at a price aetemune:a 
individual pay factors estmn.sne� 

this method Colorado 

6. for material a is made at a price det1em1im�d 

by the sum individual pay factors est:mu.sne�o 
of agencies this method include Arizona 

ALLOW ABLE TOLERANCES 

5 presents a summary of the �•u'w�1n1e roie�rantces 
pavement based on one test result 
from the of some selected agencies. 
the acceptance limits (allowable deviations) are aetJemune:a 

root of the number tests. 

comparison of 
oec�amre some agencies base 
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TABLE 4. WEIGHTS USED IN COMPUTING COMPOSTIE PAY FACTOR 

Weighing Factors 

Quality Attribute 
Oklahoma 11 Oregon Pennsylvania Washington WASHTO 

Gradation 

3/8 inch and Larger 1 1 2 6 

1/4 inch 1 5 6 

No. 4 1 

No. 8 10 

No. 10 1 5 10 

No. 40 3 6 6 

No. 200 1 10 1 20 20 

Moisture Content 8 
Asphalt Cement Content 3 26 1 52 50 

Air Voids 3 50 

In-Place Density 3 40 2 50 

Hveem Stability 1 

Surface Smoothness " 1 

a Only the smallest of the gradation pay factors shall be used in determining the composite pay factor for 

a lot. 
b Applies to surface courses only. 
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3/4" U2" 
Arizona ± 6.0 

Florida 

Surface Course 
Subsurface Course ± 12.9 

Indiana 
Surface Course ± 8.0 

Subsurface Course ± 10.0 
--

Kansas 
Surface Course 
Subsurface Course 

Oklahoma ± 8.0 

South Carolina 
Surf ace Cours.e 
Subsurface Course 

Tennessee 

± 8.0 ± 8.0 

WASHTO 

a Based on one test, Pav factor= 100%. 

U4" No.4 

± 7.0 

± 9.0 ± 9.0 
± 10.0 ± 10.0 

± 8.0 
± 10.0 

± 5.0 ± 5.0 

± 6.0 ± 6.0 

± 9.0 ± 8.0 

± 8.0 ± 8.0 

± 7.0 ± 7.0 
± 10.5 ± 8.2 

± 9.0 ± 7.0 

± 8.0 ± 8.0 

± 6.0 

± 6.0 

Fineness 
Modulus 

No.8 No. to No.30 No.40 No. 50 No. 100 No. 200 

± 5.5 ± 4.0 ± 2.0 

± 5.5 ± 4.5 ± 2.0 

± 7.0 
± 8.0 

± 4.0 ± LO 

± 6.0 ± 2.0 

± 5.0 ± 4.0 ± 3.0 ± 3.0 ± 2.2 

± 6.0 ± 5.0 ± 4.0 ± 4.0 ± 2.2 

± 8.0 ± 6.0 ± 3.0 ± 2.0 ± 0.3 

± 6.5 ± 6.5 ± 6.5 ± 6.5 ± 6.5 ± 3.0 

± 7.0 ± 6.3 ± 4.2 ± 2.3 
± 8.2 ± 6.3 ± 4.2 ± 2J 

± 6.0 ± 6.0 ± 6.0 ± 2.5 ± 2.5 

± 8.0 ± 6.0 ± 5.0 ± 2.0 

± 5.0 ± 4.0 ± 2.0 

± 6.0 ± 4.0 ± 2.0 



TABLES (continued). ALLOWABLE TOLERANCES FOR ACCEPTABLE BITIJMINOUS CONCRETE PAVEMENT CONSTRUCTION 11 

Asphalt Cement Content (percent) 
Agency Air Voids In-Place Density Stability Thickness 

Extraction Digital Printout (percent) (percent) (inch) 

Arizona ± 0.50 +l and-2 

Florida ± o.ss ± O.lS ---
Georgia 

Surface Course ± 0.70 ± 0.30 

Subsurface Course ± 0.80 ± 0.30 --
Indiana 

Surf ace Course ± 0.70 

Subsurface Course ± 0.70 --
Kansas 

..... Surface Course 
....J Subsurface Course 

± 0.50 

Oklahoma ± 0.70 ± 0.30 ± 2 . .5 +4 and-2 - 2  

South Carolina 
Surface Course ± 0.47 
Binder Course ± 0 . .58 

Base Course ± 0.63 

Tennessee ± 0 . .55 

± 0.60 

± 0.50 

WASHTO ± 0.50 ± t.S ± 3 0.25 
I Based on one tes� Pay factor = 100%. 
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TABLE A-l. SUMMARY OF STATISTICALLY-BASED ACCEPTANCE CRITERIA 

Agency Quality Attributes Standard Lot Size Sublot Size Number of Tests 

Arizona AC Content One production shift. NIA Four per lot. 
Gradation 
Air Voids 
Stability 
Inplace Density 

Colorado AC Content Material produced by same process through N/A Five per lot. but a lot may 
Gradation continuous production. include as few as 3 or as 
Relative Compaction many as 7 tests). 

Connecticut Inplace Density One day's production (300 tons minimum). Ten sublots per lot. One per sublot. 

Florida AC Content At production plant: Lot = 4,000 tons. At production plant: 1,()(XJ tons. One per sublot. 
Gradation 
lnplace Density At roadway: Density lot = 5,()(XJ ft of pass At roadway: 1.()(XJ ft 

made by paving train regardless of pass width. 

Georgia AC Content One day's production. First sublot: 250 tons; One per sublot. 
Gradation Following sublots: .500 tons each. 

� lnplace Density 

Indiana AC Content 4.()(XJ tons for base and binder course; and Five sublots per lot. One per sublot. 
Gradation 2,SOO tons for surf ace mixtures. 
Crushed Particle Content Density sublot = 2,()(XJ sq. yds. Average of five tests per 
lnplace Density sublot is considered as one 

test for 

Iowa Density One day's  production Seven sublots per lot One per sublot. 

Kansas Gradation 2,()(XJ tons (may be increased to 3,()(XJ tons if Four sublots per lot One per sublot. 
certain conditions are met). 

---

Kentucky AC Content One day's production Three sublots per lot One per sublot. 
Gradation 
Fineness Modulus 

Mississippi Density One day• s production Five sublots per lot. One per sublot. 



TABLE A-1 (continued). SUMMARY OF CRITERIA 

Nebraska 

New 

New Yorlc. 

Oklahoma 

Attributes 

AC Content 
Gradation 

Air Voids 

Density 

AC Content 
Gradation 
Air Voids 
Stability 
In place 

AC Content 
Gradation 

AC Content 
Gradation 

Standard Lot Size 

tons; 
ronowinf.! lot = tons 

5 ,000 Sq. Y ds. {umltorm 
10,000 Y ds. ' "G1r•a."'''"" tt1.ick111es$:). 

One day's production ( minimum 4,000 lane
feet or 400 tons. whichever is 

tons 

vumuuy of material produced per JMF 

330 tons (4,000 sq. but less than 440 
tons (5,400 sq. 
440 tons (5,400 sq. but less than 550 

but less than 660 

but less than 440 

sq. yas.J but less than 550 

but less than 660 
tons 

Sublot Size 

Five sublots per lot 

Five sublots per lot 

Four sublots per lot. 

Four sublots per lot 

500 tons. 

3 sublots per lot 

4 sublots per lot 

5 sublots per lot 

3 sublots per lot 

4 sublots per lot 

S sublots per lot 

Number of Tests 

One per sublot 

One per sublot. 

One per sublot. 

One per sublot. 

For stability, voids, and density, 
average of three randomly . 
selected sample units per sublot is 
considered as one test. 

One per sublot 
For average of five 
ra11dc1mll:y selected units 

sublot considered as one test 

One per sublot. 



� 

TABLE A-1 (continued). SUMMARY OF STATISTICALLY-BASED ACCEPTANCE CRITERIA 

Agency Quality Attributes 

South Carolina AC Content 
Gradation 

Tennessee AC Content 
Gradation 

Virginia AC Content 
Gradation 

Washington AC Content 
Gradation 
lnplace Density 

West Virginia AC Content 
Gradation 
Inplace Density 

Standard Lot Size 

One day •s production 

One day's production 

At production plant: 2,000 tons (4,000 tons 
may be used when daily production exceeds 
2,000 tons). 

At production plant: qqantity of material 
produced per JMF 

At roadway: density lot = one day's production 
or 400 tons whichever is less 

At production plant: quantity represented by 
the average of four consecutive test results. 

At roadway: density lot = 1 ,000 ft of paving 
lane of each layer or one day's production 
whichever is less. 

Sublot S ize 

N/A 

Lot Size # Sublots 

3001 -4000 tons 4 
2001 -3000 tons 3 
1001-2000 tons 2 
Less than l 001 tons l 

At production plant: four sublots 
per lot 

At production plant: sublot size 
varies depending on JMf tonnage. 

At roadway: sublot is not defined. 

At production plant: quantity of 
material represented by one test 
result 

At roadway: five sublots per lot 

Number of Tests 

Four per lot. 

One per sublot. 

At production plant: one test 
per sublot. 

At production plant: one test 
per sublot. 

At roadway: five density tests 
per lot. 

At plant: four, three, and two 
tests during l st, 2nd, and 3rd 
day of production, 
respectively. One test during 
4th and subsequent days. 

At roadway : one density test 
per sublot. 
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TABLE B-1. SUMMARY OF STATISTICALLY-BASED PAYMENT CRITERIA 

Agency 

Arizona 

Colorado 

Connecticut 

Florida 

Georgia 

Indiana 

Decision Rule For Acceptance 

Percent within limits. PWL, based 
on average and standard deviation 
of acceptance test results. 

Percent within limits. PWL, based 
on average and standard deviation 
of acceptance test results. 

Average lot density. 

Average of absolute deviations of 
acceptance test results from JMF. 

Average of absolute deviations of 
acceptance test results from JMF. 

1. Devi ation of average of 
acceptance test results from 
prescribed tolerances; and 

2. Deviation of range of acceptance 
test results from prescribed 
tolerances. 

Payment Factors (PFs) 

1. For each quality attribute, a PF is determined based on 
PWL (see Tables B-1  &. B-2. Appendix B). 

2. If any PF is negative, the Pay Adjustment is the sum 
of all negative PFs (maximum of -$5/ton). 

3. If all PFs are positive, the Pay Adjustment is the sum 
of the PFs subject to certain stipulations. 

1. For each quality attribute, a PWL is determined. 

2. The average of PWLs for the different attributes is then 
used to detennine the Lot Pay Factor (see Table B -3. 
Appendix B). 

Table B-4 (Appendix B) relating average lot density to 
PF. 

1. PFs are determined from Tables B-7 &. B-8. 
Appendix B. 

2. For each quality attribute. a pay deduction is computed 
as: contract price x (1 - PF). 

PFs are determined from Tables B-9, B - 10 and B-H 
(Appendix B). 

t. Adjustment points are determined from Tables B - 13, 
B-14, B-15, and B-16 (Appendix B). 

2. A Quantity Adjustment Factor is computed as 1 00% 
minus the total number of adjustment points 
accumulated for the lot. 

Adjustment of Contract Price Bonus Pay 

ACP = CP + Pay Adjustment Yes 

LP =  ACP x LQ 

ACP = CP x PF Yes 

LP = ACP x LQ 

ACP = CP x PF No 

LP = ACP x LQ 

ACP = CP - L Pay Deductions No 

LP =  ACP x LQ 

ACP = CP x Lowest PF No 

LP : ACP x LQ 

LP = CP x LQ x QAF No 



B-1 (continued). SUMMARY OF 

Iowa 

Kansu 

Nebraska 

New 

New York 

Decision Rule For Ac:ce1Jtru1ce l'svment Factors 

Deviation of the average of PF is determined from Table C-1 7  lAPpeD<UX 
acc:ept.am::e test results from 
value divided standard deviation 
of test results. 

Ac:cumulated absolute deviations of PF is determined from Table C- 1 9  
acceptance test results from JMF. 

(Appendix. 

Average of absolute deviations of t. PFs are determined from Table C-20 
acceptance test results from JMF. 

-.vPr<HH" Jot 

Absolute deviation of the mean of 
acceptance test results from JMF. 

Percent defective based on average 
and standard deviation 
test results. 

Percent within limits . 
on average and standard deviation 
of acceDtance test results. 

2. The lowest PF is used in adjusting the lot 

PF is determined from Table C-21 (Appendix C). 

1. PFs are determined from Tables C-22 & C-23 

2. Combined Pay Factor 
individual PFs. 

is average of 

l.  Percent of m aterial falling outside limits 
is determined from Table C-23 

2. Percent Pay Adiustme1nt 
PPA = l.O - 0.1 x PD. 

is as: 

is determined from 

Adjustment of Contract Price Bonus 

ACP = CP x PF No 

LP = ACP x 

ACP = CP x PF No 

LP = ACP x 

ACP = CP x Lowest PF No 

LP = ACP x 

ACP = CP x PF No 

LP = ACP x 

ACP = CP x CPF No 

LP. = ACP x 

ACP = CP x PPA Yes 

LP = ACP x 

LP = CP x x No 



N 00 

TABLE B-1  (continued). SUMMARY OF STATISTICALLY-BASED PAYMENT CRITERIA 

Agency 

Oklahoma 

Oregon 

Pennsylvania 

South Carolina 

Tennessee 

Decision Rule For Acceptance 

Average deviation of acceptance test 
results from prescribed standard. 
For AC Content, Gradation and Air 
Voids. the absolute v alues of 
deviations are used: whereas for 
Stability, Density and Smoothness, 
the signs are considered. 

Percent within limits (PWL) based 
on average and standard deviation 
of acceptance test results. 

Payment Factors (PFs) 

1. PFs are determined from Table C-26 (Appendix C). 

2. Combined Pay Factor (CPF) is weighted average of 
individual PFs. 

1. PFs are determined from Table C-27 (Appendix C). 

2. Combined Pay Factor (CPF) is weighted average of 
individual PFs. 

t. Percent within limits based on 1. PFs are determined from Table C-29 (Appendix C). 
average and standard deviation of 
acceptance test results; and 

2. A system of bonus and penalty 
points depending on deviation of 
individual test results as well as 
lot average from prescribed 
tolerances. 

2. Combined Pay Factor (CPF) is weighted average of 
individual PFs. 

Absolute deviation of the mean of 1 .  PFs are determined from Table C-30 (Appendix C). 
acceptance test results from JMF. 

2. Combined Pay Factor (CPF) is the product of 
individual PFs. 

Average deviation of acceptance test t. PFs are determined from Table C-3 1 (Appendix C). 
results from JMF. 

2. For each quality attribute, a Pay Deduction is 
computed as: PD = Contract Price x (1 - PF). 

Adjustment of Contract Price 

ACP == CP x CPF 

LP = ACP x LQ 

When CPF > 1 .0 (Bonus): 

LP = (l + (CPF - 1 ) ] x CP x LQ 2 
When CPF < 1 .0 (Penalty): 

LP = .CPF x CP x LQ 

ACP == CP x CPF 

LP = ACP x LQ 

ACP == CP x CPF 

LP = ACP x LQ 

ACP == CP - }: Pay Deductions 

LP = ACP x LQ 

Bonus Pay 

Yes 

Yes 

Yes 

No 

No 



TABLE B-1 (continued). SUMMARY OF PAYMENT 
Adjustment of Contract Price 

A 
on: 

detennined from Tables C-33 The contract is reduced by l % 

West 'U•·-·-· .. 

l .  Deviation of the mean of 
acceptance test results from 
prescribed process tolerance 

and 

2. Standard deviation of acceptanc:e 
test results. 

Percent within limits (PWL) based 
on average and standard deviation of 
acceptance test results. 

1 .  PFs are determined from Table B-37 

2. Combined 
individual 

Factor is  average of 

Percent within limits . based 1 .  PFs are detennined from Tables C-38, C-40 and C-4 1 
on average and range of acceptance 
test results. 

2. Combined 
individual PFs. 

Factor is the of 

ACP = Contract Price CP = Contract Price 
LP ::: Lot PnvmPnt 

Factor 
PF = Pav Factor 

and 0.5% for each ad1ust1me1rtt 
attributed to the average and the 
standard deviation of test 

LP =  ACP x 

ACP = CP x CPF 

LP = ACP x 

ACP = CP x CPF 

LP = ACP x 

Bonus 

No 

Yes 

No 
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TABLE C-1 .  ARIZONA DOT, UPPER & LOWER LTh1ITS OF ACCEPTABLE AC 
PA VEMENf CONSTRUCTION 

Measured Characteristic Lower Limit Upper Limit 

Gradation 
3/8-inch sieve TV - 6.0 TV +  6.0 
No. 8 sieve TV - 5.5 TV +  5.5 
No. 40 sieve TV - 4.0 TV +  4.0 
No. 200 sieve TV - 2.0 TV +  2.0 

Asphalt Cement Content TV - 0.5 TV +  0.5 

Effective Voids TV - 2.0 TV +  1.0 

TABLE C-2. ARIZONA DOT. PAY FACTORS 
Percent Within Limits Pay Factor (Dollars/Ton) 

> 99 +1.50 
95 - 99 +1.00 

90 - 94 +o.ro 
85 .. 89 0.00 

80 - 84 -0.25 
75 .. 79 -0.55 

70 - 74 -0.90 
65 - 69 -1.30 

60 .. 64 -1 .75 

55 - 59 -2.25 
50 - 54 -2.80 

3 1  



TABLE COLORADO 

Percent Within Limits 

Pay 
Size (n) Factor 

3 4 5 6 7 8 9 10-11 12-14 15-18 

1.05 100 100 100 100 100 100 100 

1.04 90 91 92 93 94 94 95 96 

1 .03 80 85 87 89 91 91 92 93 

1.02 75 83 85 86 87 88 88 89 90 91 

1.01 7 1  77 80 82 84 85 85 86 87 88 

1.00 74 78 80 81 82 83 84 85 86 87 

0.99 72 75 77 79 81 82 83 86 

0.98 64 70 73 75 77 78 79 80 81 84 
0.97 68 71 74 75 77 78 78 80 81 83 

0.96 60 69 72 76 78 80 8 1  
0.95 70 74 77 78 80 
0.94 66 68 75 77 78 

0.93 65 67 74 75 77 

0.92 63 65 67 69 71 72 74 75 
0.91 62 64 66 69 71 73 74 
0.90 60 64 66 70 71 73 

0.89 68 70 72 
0.88 57 65 67 69 70 

0.87 56 64 66 69 
0.86 47 51 55 57 59 62 64 66 68 
0.85 46 50 53 56 58 60 6 1  63 65 67 

0.84 

0.83 64 
0.82 63 

0.81  62 

0.80 61  

0.79 60 

0.78 45 47 49 55 57 59 

43 48 54 56 51 

0.76 42 47 53 55 56 

4 1  44 46 47 53 

Quality Levels Less Than Those 



TABLE C-4. CONNECTICUT DOT, PAY FACTORS FOR IN-PLACE DENSITY 

Average Percent Density of Ten Sublots 

Class 1 & 2 

Class 4 

Class 1 14 

100 - 98 
97 - 92 
91 - 90 
89 - 88 
87 .. 86 

Greater than 99 
98 .. 90 
89 - 88 
87 - 86 
85 or Less 

100 - 95 
95 - 88 
87 .. 86 
85 - 84 
83 or Less 

Percent Payment 

85 
100 
85 
75 
50 or Rejection 

85 
. 100 

85 
75 
50 or Rejection 

85 
100 
85 
75 
50 or Rejection 

TABLE C-5. CONNECTICUT DOT, MAXIMUM AU.OW ABLE DEVIATION 
FROM J:MF (SINGLE lEST) 

Attribute M. A. D. % Payment 

Bitumen Content 0.4 90 
No. 200 Sieve 2.0 90 
No. SO Sieve 4.0 90 
No. 30 Sieve 5.0 90 
No. 8 Sieve 6.0 90 
No. 4 Sieve 7.0 90 
3/8". 111." & 3/4" Sieves 8.0 90 
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TABLE C-6. FLORIDA 

Characteristic 

rL"HJU41.L ..... vu" ..... ...  (extraction) 
Asu1m.1...u ..... v . .  , ..... , .  .. (printout) 

4 
1 0  

Passing No. 40 Sieve 
..,.�(l•�1ruT No. 200 Sieve 

a Tolerances for size of n = 1. 

C· 7. FLORIDA PAYMENT 

Percent of Control Strip Density 

and above 

to less than 

96.0 to less than 97.0 

than 96.0 

FOR ACCEPTANCE TESTS 

Tolerance• 

± 0.55% 

± 
± 7.00% 
± 5.50% 
± 4.50% 

± 2.00% 

Percent of Payment 

100 
95 

75 



TABLE C-8. FLORIDA DOT. PAYMENT SCHEDULE FOR AC CONTENT AND GRADATION 
Average Absolute Deviation of Acceptance Tests from lMF 

Quality Attributes Pay 
Factor 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 

1.00 0.00-0.55 0.00-0.43 0.00-0.38 0.00-0.35 0.00-0.33 0.00-0.3 1 
AC Content 0.95 0.56-0.65 0.44-0.50 0.39-0.44 0.36-0.40 0.34-0.37 0.32-0.35 
(Extraction) 0.90 0.66-0.75 0.5 1-0.57 0.45-0.50 0.41-0.45 0.38-0.42 0.36-0.39 

o.soa over 0.75 over 0.50 over 0.50 over 0.45 over 0.42 over 0.39 

1.00 0.00-0. 15 . 0.00-0.15 0.00-0.1 5  0.00-0.1 5  0.00-0. 15  0.00-0.15  
AC Content 0.95 0.16-0.25 0.16-0.25 0�16-0.25 0.16-0.25 0.16-0.25 0.16-0.25 
(Printout) 0.90 0.26-0.35 0.26-0.35 0.26-0.35 0.26-0.35 0.26-0.35 0.26-0.35 

o.scr over 0.35 over 0.35 over 0.35 over 0.35 over 0.35 over 0.35 

1.00 0.00-7.00 0.00-5.24 0.00-4.46 0.00-4.00 0.00-3.68 0.00-3.45 
0.98 7.01-8.00 5 .25-5.95 4.47-5.04 4.01-4.50 3.69-4.1 3  3 .46-3.86 

No. 4 Sieveb 0.95 8 .01-9.00 5.96-6.66 5.05-5.62 4.51 -5.00 4.14-4.58 3.87-4.27 
0.90 9.01 -10.0 6.67-7.36 5.63-6.20 5.01-5 .50 4.59-5.02 4.28-4.67 
o.scr over 10.0 over 7.36 over 6.20 over 5 .50 over 5.02 over 4.67 

1 .00 0.00-5.50 0.00-4.33 0.00-3.81 0.00-3.50 0.00-3.29 0.00-3.13 
0.98 5.5 1-6.50 4.34-5.04 3.82-4.39 3.51-4.00 3 .30-3.74 3.14-3.54 

No. 10 Sievel> 0.95 6.51 -7.50 5.05-5.74 4.40-4.96 4.01-4.50 3.75-4.18 3 .55-3.95 

0.90 7.51-8.50 5.75-6.45 4.97·5.54 4.5 1-5.00 4.19-4.63 3.96-4.36 
o.8cr over 8.50 over 6.45 over 5.54 over 5.00 over 4.63 over 4.36 

1 .00 0.00-4.50. 0.00-3.91 0.00-3.65 0.00-3.50 1.00-3.39 0.00-3.32 
0.98 4.5 1 -5.50 3 .92-4.62 3.66-4.23 3.51-4.00 3.40-3.84 3.33-3.72 

No. 40 Sievel> 0.95 5.51-6.50 4.63-5.33 4.24-4.81 4.01-4.50 3 .85-4.29 3 .73-4.13 
0.90 6.51-7.50 5.34-6.04 4.82-5.39 4.51-5.00 430-4.74 4.14-4.54 
o.scr over 7.50 over 6.04 over 5.39 over 5.00 over 4.74 over 4.54 

1.00 0.00-2.00 0.00-1.7 1  0.00-1.58 0.00-1.50 0.00-1.45 0.00-1 .4 1 

No. 200 Sieveb 0.95 2.01-2.40 1 .72-1 .99 1 .59-1 .8 1  1.51-1.70 1 .46-1 .63 1.42-1.57 
0.90 2.41-2.80 2.00-2.27 1 .82-2.04 1.7 1-1.90 1.64-1.80 1.58-1 .73 
o.scr over 2.80 over 2.27 over 2.04 over 1.90 over 1.80 over 1 .73 

a If approved by the District Construction Engineer, based on an engineering detennination that the material is 
acceptable to remain in place, the Contractor may accept the indicated partial pay. Otherwise, the 
Department will require removal and replacement at no cost The Contractor has the option to remove and 
replace at no cost to the Department at any time. 

b When there are two or more reduced payments for these items in one LOT of material. only the greatest 
reduction in payment will be applied. The No. 40 sieve applies only to Type S-I, S-IL S-m. FC-1 and 
FC-4. 

35 



C-9. DOT, PAYMENT SCHEDULE FOR AC AND 
Mean Absolute Deviation from Jl\fF 

Mixture Characteristic Factor 
I Test 2 Tests 3 Tests 4 Tests 5 Tests 6 Tests 7 Tests 8 Tests 

1 .00 0.00-0.70 0.00-0.54 0.00-0.46 0.00-0.4 1 0.00-0.38 0.00-0.35 0.00-0.32 0.00-0.30 

0.95 0.7 1 -0.80 0.55-0.6 1 0.47-0.52 0.45-0.46 0.39-0.43 0.36-0.39 0.33-0.36 0.3 1 -0.34 
Cement Content 0.90 0.8 1-0.90 0.62-0.68 0.53-0.58 0.47-0.5 1 0.44-0.47 0.40...0.43 0.37-0.40 0.35-0.37 

0.80 0.91 - 1.00 0.69-0.75 0.59-0.64 0.52-0.56 0.48-0.52 0.44-0.47 0.4 1 -0.44 0.38-0.4 1 
0.70 l .O l - l . 1 9  0.76-0.82 0.65-0.69 0.57-0.61 0.53-0.56 0.48-0.5 1 0.45-0.47 0.42-0.44 
0.50 1 .20... 1 .40 0.83-0.85 0.70...0.72 0.62-0.64 0.57-0.59 0.52-0.55 0.48-0.5 1 0.45-0.48 

1 .00 0.00-0.30 0.00-0.26 0.00-0.22 0.00-0. 1 8  0.00-0. 1 6  0.00-0. 14 0.00-0. 1 3  0.00-0. 13 

0.95 0.3 1 -0.34 0.27-0.29 0.23-0.25 0. 1 9-0.20 0. 1 7-0. 1 8  0.15-0.16 0. 1 4-0.1 5 0. 14-0.1 5 
0.90 0.35-0.38 0.30...0.33 0.26-0.28 0.2 1 -0.23 0. 1 9-0.21 0.1 7-0. 1 9  0.16-0.1 8  0. 1 6-0. 1 7  

0.80 0.39-0.42 0.34-0.36 0.29-0.3 1 0.24-0.25 0.22-0.23 0.20...0.2 1 0. 19-0.20 0. 1 8-0. 1 9  
0.70 0.43-0.46 0.37-0.40 0.32-0.34 0.26-0.28 0.24-0.26 0.22-0.24 0.2 1 -0.22 0.20-0.2 1 
0.50 0.47-0.50 0.4 1 -0.46 0.35-0.40 0.29-0.34 0.27-0.3 1 0.25-0.28 0.23-0.25 0.22-0.23 

1.00 0.0- 9.0 0.0- 6.6 0.0-5.6 0.0-5.0 0.0-4.6 0.0-4.2 0.0-3.9 0.0-3 .6 
0.98 9.1 - 10.0 6 .1- 1.5 S.1-6.3 5. 1 -S.6 4.7-5 .2 4.3-4.7 4.0-4.4 3.7-4. l 

3/8-inch Sieve 0.95 10.1 -H.9 7.6- 8.4 6.4-7.0 5.7-6.3 5.3-5 .8 4.8-5 .3 4.5 -5 .0 4.2-4.6 
& E  0.90 1 2.0... 1 3.0 8 .5- 9.3 7. 1 -7.7 6.4-6.9 5.9-6.3 5.4-5.8 5. 1 -5 .4 4.7-5 .0 

0.85 13. l - 1 4.0 9.4- 10.2 7.8-8.6 7.0-7.6 6.4-6.9 5.9-6.3 5.5-5 .9 5. l -5.5 
0.80 14. 1 -14.5 1 0.3- 10 . .5 8.7-8 .9 7.7-8 .0 7.0-7.5 6.4-6.8 6.0-6.4 5.6-6.0 

LOO 0.0- 9.0 0.0- 6.7 0.0-5.7 0.0-5.2 0.0-4.8 0.04.4 0.0-4. 1 0.0-3 .8 
0.98 9. l - 10.0 6.8- 7.6 S.8-6.3 5.3-5.8 4.9 -5 .4 4.5-4.9 4.2-4.6 3 .9-4.3 

No. 4 Sieve 0.95 lOJ - 1 1 .9 7 .7- 8 .5 6.4-:6.9 5.9-6.4 5 .3-5 .9 5 .0-5.4 4.7-5.0 4.4-4.7 

, F. & H  0.90 1 2.0... 1 3 .0 8 .6- 9.4 1.0-1.S 6.5-7.0 6.0-6.5 5 .5-5 .9 5 . l -5 .5 4 .8-5 . l  
0.85 1 ' . U - 14.0 9.5- 10.2 7.6-8.0 7. 1 -7.6 6.6-7.0 6.0-6.4 5.6-5 .9 5.2-5.5 

0.80 14. 1 - 1 4.5 10.3- 1 0.5 8.1 -8.3 7.7-8.0 7. l -7.5 6.5-6.9 6.0-6.4 5.6-5.9 

LOO 0.0- 7.0 0.0-5.6 0.0-4.8 0.0-4.3 0.0-4.0 0.0-3 .6 0.0-3.4 0.0-3.2 

0.98 7. l - 8.0 5 .7-6.3 4.9-5.4 4.4-4.8 4. 1 -4.5 3.7-4. l 3.5-3 .8 3.3-3.6 

No. 8 Sieve 0.95 8 . 1 - 9.0 6.4-7.0 5.5-6.0 4.9-5.3 4.6-4.9 4.2-4.5 3.9-4.2 3.7-3.9 

Mixes except 0.90 9. 1 - 10.9 7. 1 -7.7 6. 1 -6.6 5.4-5.8 5.0-5.4 4.6-4.9 4.3-4.6 4 .0-4 .3 
0.85 l l .0... 1 2.0 7.8-8.5 6.7-7.2 S.9-6.4 5.5-5.8 5.0-5.3 4.7-5.0 4.4-4.6 
0.75 12. 1 - 1 2  . .5 8 .6-8.8 7.3-7.5 6.5-6.8 5.9-6.3 5 .4-5.7 5.1 -5.3 4.7-4.9 

a No. 8 Sieve for D-Mix: When the mean of the deviation from Jl\fF for a lot exceeds the tolerance for a 1 .00 pay factor in the appropriate column, the lot 
will be paid for at 0.50 of the contract 



TABLE C-10. GEORGIA DOT, PAYMENT SCHEDULE FOR AC CONTENT AND GRADATION (SUBSURFACE MIXES) 

Mean Absolute Deviation from JMF 
Mixture Characteristic Pay Factor 

1 Test 2 Tests 3 Tests 4 Tests 5 Tests 6 Tests 7 Tests 8 Tests 

1 .00 0.00-0. 80 0.00-0.6 1 0.00-0.52 0.00-0.46 0.00-0.43 0.00-0.39 0.00-0.36 0.00-0.34 

o.95 0.8 1-0.90 0.62-0.68 0.53-0.58 0.47-0.5 1 0.44-0.47 0.40-0.43 0.37-0.40 0.35-0.37 

Asphalt Cement Content o.90 0.91- 1.00 0.69-0.75 0.59-0.64 0.52-0.56 0.45-0.52 0.44-0.47 0.4 1-0.44 0.38-0.41  

(Extraction) 0.80 1.0 1- 1. 1 9  0.76-0.82 0.65-0.67 0.57-0.6 1 0.53-0.56 0.48-0.5 1 0.45-0.47 0.42-0.44 

0.70 t.20- 1.40 0.83-0.85 0.70-0.72 0.62-0.64 0.57-0.59 0.52-0.55 0.48-0. 5 1  0.45-0.48 

0.50 1 .41- 1 .60 0.86-0.88 0.73-0.75 0.65-0.67 0.60-0.63 0.56-0.60 0.52-0.56 0.49-0.52 

1 .00 0.00-0.30 0.00-0.26 0.00-0.22 0.00-0. 18 0.00-0. 1 7  0.00-0. 1 6  0.00-0. 1 5  0.00-0. 1 5  

Asphalt Cement Content o.95 0.3 1 -0.34 0.27-0.29 0.23-0.25 0. 1 9-0.20 0. 1 8-0. 1 9  0. 1 7-0. 1 9  0. 16-0. 18 0. 16-0. 17 

(Digital Printout) 0.90 0.35-0.38 0.30-0.33 0.26-0.28 0.21 -0.23 0.20-0.2 1 0.20-0.21  0. 19-0.20 0. 1 8-0. 1 9  

0.80 0.39-0.42 0.34-0.36 0.29-0.3 1 0.24-0.25 0.23-0.24 0.22-0.24 0.2 1-0.22 0.20-0.21 

0.70 0.43-0.46 0.37-0.40 0.32-0.34 0.26-0.28 0.25-0.27 0.25-0.27 0.23-0.25 0.22-0.23 

0.50 0.47-0.50 0.41-0.44 0.35-0.37 0.29-0.3 1 0.28-0.3 1 0.28-0.30 0.26-0.28 0.24-0.26 

1.00 0.0- 12.9 0.0- 8. 1 0.0-6.9 0.0-6. 1  0.0-5.5 0.0-5.0 0.0-4.7 0.0-4.4 

0.98 13.0-14.0 8.2- 9. 1 7.0-7.7 6.2-6.8 5.6-6. t 5. 1 -5.6 4.8-5.2 4.5-4.9 

1/2" Sieve 0.95 14. 1 - 15.0 9.2- 10. 1 7.8-8.5 6.9-7.5 6.2-6.7 5.7-6. l 5.3-5.7 5.0-5.4 

(Bue) · 0.90 15. 1 - 16.0 10.2- 1 1 . l  8.6-9.3 7.6-8.2 6.8-7.4 6.2-6.7 5.8-6.3 5.5-5 .9 
w 0.85 16. 1 - 17.0 1 1 . 2- 1 1 .5 9.4-9.6 8.3-8.6 7.5-7.8 6.8-7.0 6.4-6.5 6.0-6. l 
......) 0. 80 17. 1 - 1 8.0 1 1 .6- 1 1 .9 9.7-9.9 8.7-9.0 7.9-8. l 7. 1-7.3 6.6-6.8 6.2-6.4 

1 .00 0.0- 10.0 0.0- 1.5 0.0-6.3 0.0-5.6 0.0-5.2 0.0-4.7 0.0-4.4 0.0-4. l  

0.98 10. 1- 11 .9 7.6- 8.4 6.4-7.0 5.7-6.3 5.2-5.8 4.$-5.3 4.5-5.0 4.2-4.6 

3/8" Sieve 0.95 12.0-13.0 8.5- 9.3 7. 1 -7.7 6.4-6.9 5.9-6.3 5.4-5.8 5. 1 -5.4 4.7-5.0 

(C. B. B-Modified It E Mixes) o.90 13. 1 - 14.0 9.4-10.2 7.8-8.6 7.0-7.6 6.4-6.9 5.9-6.3 5.5-S.9 5 . 1 -5.5 

0.85 14. 1- 14.5 10.3-10.5 8.7-8.9 7.7-8.0 7.0-7.5 6.4-6.8 6.0-6.4 5.6-6.0 

0.80 14.6- 15.0 10.6- 10.8 9.0-9.2 8. 1 -8.4 7.6-7.8 6.9-7.3 6.5-6.8 6. 1 -6.5 

1 .00 0.0- 10.0 0.0- 7.6 0.0-6.3 0.0-5.8 0.0-5.4 0.0-4.9 0.0-4.6 0.0-4.3 

0.98 10. 1 - 1 1 .9 7.7- 8.5 6.4-6.9 5.9-6.4 5.5-5.9 5.0-5.4 4.7-5.0 4.4-4.7 

No. 4 Sieve 0.95 12.0- 13 .0 8.6- 9.4 7.0-7.5 6.5-7.0 6.0-6.5 5.5-5.9 5. t -5.5 4.8-5. l 

(F &. H Mixes) o.90 13. 1 - 14.0 9.5-10.2 7.6-8.0 7. 1 -7.6 6.6-7.0 6.0-6.4 5.6-5.9 5.2-5.5 

0.85 14. 1 - 14.5 10.3- 10.5 8. 1 -8.3 7.7-8.0 7. 1 -7.5 6.5-6.9 6.0-6.4 5.6-5 .9 

0.80 14.6- 15.0 10.6-10.8 8.4-8.6 8. 1-8.4 7.6-8.0 7.0-7.4 6.5-6.8 6.0-6.3 

1.00 0.0- 8.0 0.0-6.3 0.0-5.4 0.0-4.8 0.0-4.5 0.0-4. l 0.0-3.8 0.0-3.6 

0.98 8. 1 - 9.0 6.4-7.0 5.5-6.0 4.9-5.3 4.6-4.9 4.2-4.5 3.9-4.2 3.7-3.9 
No. 8 Sieve 0.95 9. 1 -10.0 7. 1 -7.7 6.1 -6.6 5.4-5.8 5.0-5.4 4.6-4.9 4.3-4.6 4.0-4.3 

(All Mixes) o.90 10.1 - 1 1.9 7.8-8.5 6.7-7.2 5.9-6.4 5.5-5.8 5.0-5 .3 4.7-5.0 4.4-4.6 

0.85 12.0- 13.0 8.6-8.8 7.3-7.5 6.5-6.8 5.9-6.3 5.4-5.7 5. 1-5.3 4.7-4.9 
0.75 13 . 1 - 14.0 8.9-9.1 7.6-7.8 6.9-7.2 6.4-6.6 5.8-6.l  5.4-5.7 5.0-5.3 



TABLE C-1 1. GEORGIA DOT, PAYMENT SCHEDULE FOR IN-PLACE DENSITY 

PAY 
FACTOR 

Percent of Target Density 
(Average of 5 Tests per Lot) 

1.00 
0.97 

0.95 
0.90 

0.80 
0.70 
050 

97.5 & over 
97.0 - 97.4 

96.5 - 96.9 

95.5 - 96.4 

93.4 - 95.4 

9 1 5  - 933 

90.0 - 91.4 

GEORGIA DOT, 
Mix Type 

Asphaltic Concrete Base 
Asphaltic Concrete B 
Asphaitic Concrete B-Modified 
Asphaltic Concrete D 
Asphaltic Concrete E 
Asphaitic Concrete F 
AsJJ•hall:1c Concrete H 
Asphaltic Concrete G 
Sand Asphalt Type 1 and 2 
Asphaitic Concrete C 

Percent of Target Density 
(Average of 1 0  tests per Lot) 

{for reevaluations) 

97.5 & over 
97.1 - 97.4 

96.7 - 97.0 

96.0 - 96.6 
94.5 - 95.9 

93 . 1  - 94.4 

92.0 - 93.0 

1/2", No.8 Sieves and Asphalt Cement 
318". No.8 Sieves and Asphalt Cement 
318". No.8 Sieves and Asphalt Cement 

No.8 Sieves and Asphalt Cement 
318". No.8 Sieves and Cement 

No.8 Sieves and Cement 
Cement 

No.8 Sieve and 
Cement 

3/8", No.8 Sieves and Asphalt Cement 



TABLE C-13.  INDIANA DOT, ALLOWABLE TOLERANCES & ADJUSTMENT POINTS FOR THE 
AVERAGE OF ACCEPTANCE 'IEST RESULTS (GRADATION) 

Acceptance Tolerances (±) 

Mixture Number Sieve Size 

of Tests 
1 1/2" 1"  3/4" 1/2" No . 4 No. 30 No. 200 

Base 1 10.0 10.0 6.0 2.0 
2 7 .0 7.0 4.2 1.4 
3 5.8 5.8 3 .5 1.2 
4 5.0 5.0 3.0 1.0 
5 4.5 4.5 2.7 0.9 

Binder 1 10.0 10.0 6.0 2.0 
2 7.0 7.0 4.2 1 .4 
3 5.8 5.8 3 .5 1 .2 
4 5.0 5.0 3.0 1 .0 
5 4.5 4.5 2.7 0.9 

Surface 1 8.0 8.0 4.0 1 .0 
2 5.1 5.1 2.8 0.1 
3 4.6 4.6 2.3 0.6 
4 4.0 4.0 2.0 0.5 
5 3.6 3.6 1.8 0.4 

Adjustment Points 
For S 1.0% out-of-tolerance • 0.1 0.1 0.1 0.1 0.1 0.2 0.3 

For each 0.1 % beyond the 1st 1 % 0.1 0.1 0.1 0.1 0.2 0.3 0.6 
out-of-tolerance a 

a Total adjustment points will be obtained by adding the amount of adjustment points calculated for one percent out of 
tolerance to the amount of adjustment points calculated for greater than one percent out of tolerance. 
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TABLE C-14. INDIANA ALLOWABLE TOLERANCES & ADJUSTMENT POINTS FOR THE 
AVERAGE OF ACCEPTANCE TEST 

Allowable Tolerances (±) 

Base & Binder Courses Surface Course 

Number of Tests Number of Tests 

1 2 3 4 5 2 3 4 5 Points 

2 For each 0.1 % out High 
0.7 0.5 0.4 0.3 03 0.7 0.5 0.4 0.3 0.3 

4 For each 0.1 % out Low 

ALLOW ABLE TOLERANCES & ADJUSTMENT POINTS FOR 

Attribute 
Base Course 

lfl" 15.0 
No. 4 
No. 30 3.0 
No. 200 
% Bitumen 

Average Lot Density 
98.0 or Higher 
97.9 to 96.0 
95.9 to 95.0 

Sublot Density 
Below 95 

15 .0 
9.0 

1.0 

TEST ............ ., V.&.,, 

15.0 
15.0 
9.0 
3.0 
1.0 

0 
0.5 
1 0  

0.1 

Points 
each 0.1% out of 

12.0 . 1  
12.0 .I 
6.0 . 1  
1 .5 . 1  
1.0 1 .0 

for each 0.1 % below 98.0 
+ 1 for each 0.1% below 96.0 

for each 0.1 % below 95.0 



TABLE C- 17. IOWA DOT. PAY FACTORS FOR LOT DENSITY 
Quality Index" 

0.73 
0.40 to 0.72 
0.00 to 0.39 
All negative valuesb 

a Based on 7 test results, only one outlier will be allowed. 

Percent of Full Payment 

1 00  
95 
85 
75 Maximum 

b The engineer may declare the entire lot or parts of !f1e lot defective. 

TABLE C-18. KANSAS DOT. IMF TOLERANCES FOR GRADATION OF BITIJMINOUS :MIXES 
JMF Tolerances for Gmdation (Percent Retained) 

Mix Designation• 
1 1/2" 1 "  3/4" 112" 3/8" 4 8 16 30 50 1 00  

BM-1 ± s ± S  ± S  ± S  ± 4  ± 3  

BM-IA. 1B ± S  ± 4  ± 4  ± 3  ± 3  ± 3  

BM-1T ± 6  ± 5  ± 5  ± 4  ± 3  ± 3  

BM-2A ± S  ± 5  ± S  ± S  ± S  ± 4  ± 4  

BM-2. 2B. 2C. 20. 3 ± 6  ± 6  ± 6  ± 5  ± 5  ± 4  ± 4  

BM-4. 5. 6 " ± 1  ± 7  ± 6  ± 6  ± 6  ± 6  ± 5  

BM-7 ± 6  ± 6  ± S  ± 4  ± 3  

a BM-2 mixes used in base construction will be restricted to BM-2. BM-2B. or BM-2C gradation. 
b Tolerances do oot apply to road mix. 
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200 

± 2  

± 2  

± 2  

± 2  

± 2  

± 2  

± 2 



TABLE C-19. KANSAS SCHEDULE OF ADJUSTED PAYMENT FOR GRADATION OF 
:MIXES 

Accumulated Deviation of the Tests from the Design IMF Point 

Number of Tests 
Tolerance• Pay Factor 

2 3 4 

± 7  1 .00 0.00 - 7.00 0.00 - 9.00 0.00 - 1 2. 12  0.00 - 14.00 
0.98 7.01 - 7.50 9.01 - 10.60 12.13 - 12.99 14.01 - 15 .00 
0.95 7.5 1  - 8.00 10.61 - 1 1 .32 13 .00 - 13 .86 15.01 - 1 6.00 
0.90b 8.01 - 8.50 1 1.33 - 1 2.02 13.87 - 14.73 1 6.01 - 1 7.00 
0.80" over 8.50 over 1 2.02 over 14.73 over 17.01 

± 6  1.00 0.00 - 6.00 0.00 - 8.48 0.00 - 10.38 0.00 - 12.00 
0.98 6 .01  - 6.50 8.49 - 9.20 10.39 - 1 1.25 12.01 - 13.00 
0.95 6.5 1 - 7 .00 9.21 - 9.90 1 1.26 - 12.12 13.0 1  - 14.00 
0.90" 7.01 - 7.50 9.91 - 1 0.60 12.13 - 12.99 14.01 - 15.00 
0.80b over 7.50 over 10.60 over 1 2.99 over 15.00 

± 5  1.00 0.00 - 5 .00 0.00 - 7.08 0.00 - 8.61 0.00 - 10.00 
0.98 5 .01 - 5.50 7.09 - 7 .78 8.62 - 9.54 1 0.01 - 1 1.00 
0.95 5 .5 1  - 6.00 7.79 - 8.48 9.55 - 10.38 1 1 .01  - 12.00 
0.90b 6.01 - 6.50 8.49 - 9.20 1 0.39 - 1 1 .25 12.01 - 13 .00 
0.80b over 6.50 over 9.20 over U.25 over 13.00 

± 4  1.00 0.00 - 4.00 0.00 - 5.66 0.00 - 6.93 0.00 - 8.00 
0.98 4.01 - 4.50 5.67 - 6.36 6.94 - 7.80 8.01 - 9.00 
0.95 4.51 - 5.00 6.37 - 7.08 7.81 - 8.67 9.01 - 10.00 
0.90b 5 .01 - 5.50 7.00 - 7.78 8.68 - 9.54 10.0 1  - 1 1.00 
0.80" over 5 .50 over 7.78 over 9.54 over 1 1.00 

± 3  1.00 0.00 - 3 .00 0.00 - 4.24 0.00 - 5.19 0.00 - 6.00 
0.98 3.01  - 3.20 4.25 - 4.52 5.20 - 5 .55 6.01 - 6.40 
0.95 3 .21 - 3.40 4.53 - 4.80 5 .56 - 5 .97 6.41 - 6 .80 
0.90b 3 .41  - 3 .80 4.81 - 5.38 5 .98 - 6.57 6.81 - 7 .60 
0.80" over 3.80 over 5.38 over 6.57 over 7.60 

± 2.5 1.00 0.00 - 2.50 0.00 - 3.54 0.00 - 4.32 0.00 - 5.00 
0.98 2.51 - 2.10 3.55 - 3 .82 4.33 - 4.68 5.01 - 5 .40 
0.95 2.71 - 2.90 3.83 - 4.10 4.68 - 5.01  5.41 - 5 .80 
0.90" 2.91 - 3.30 4.1 1  - 4.66 5.02 - 5.73 5.81 - 6.60 
0.80'> over 3 .30 over 4.66 over 5.73 over 6.60 

± 2  1.00 0.00 - 2.20 0.00 - 3 .12 0.00 - 3 .8 1  0.00 - 4.40 
0.95 2.21 - 2.40 3 . 13  - 3.40 3.82 - 4.17 4.41 - 4.80 
0.90., 2.41 - 2.75 3.41 - 3 .88 4.1 8  - 4.77 4.81 - 5.56 
0.80" over 2.75 over 3.88 over 4.77 over 5.56 

a See Table C-18 

b If approved the Department, the Contract.or may accept the indicated partial pay. The may 
removal and replacement at no additional cost. The Contract.or has the t.o remove and replace at no cost t.o the 
Department at any time. 
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TABLE C-20. KENTUCKY DOT, ACCEPTANCE SCHEDULE FOR OPEN GRADED FRICTION 

COURSE AND BITUMINOUS CONCRETE BASE. BINDER & SURFACE (EXCEPT CLASS S) 
Average Absolute Deviation from JMF 

Number of Tests 

Quality Attribute Pay 
Factor 2 3 4 s 6 

l.00 0.0 - 0.5 0.00- 0.35 0.00- 0.30 0.00- 0.28 0.00- 0.26 0.00- 0.23 

0.98 0.6 0.36- 0.39 0.31 - 0.34 0.29- 0.32 0.27- 0.29 0.24- 0.26 

Asphalt Cement 0.95 0.40- 0.44 0.35- 0.38 0.33- 0.35 0.30- 0.32 0.27- 0.30 

0.90 0.7 0.45- 0.53 0.39- 0.46 0.36- 0.43 0.33- 0.40 0.3 1 - 0.36 

0.85 0.8 0.54- 0.64 0.47- 0.55 0.44- 0.52 0.4 1 - 0.48 0.37- 0.43 

0.75 0.9+ 0.56+ 0.56+ 0.53+ 0.49+ 0.44+ 

1 .00 0 - 9 0.0 - 7.0 0.0 - 6.0 0.0 - 5.4 0.0 - 5.0 0.0 - 4.7 

0.98 10 7.1 - 8.0 6. 1  - 8.0 5.S - 6.2 5.1 - 5.8 4.8 - 5.4 

1/2" or greater o.95 1 1  - 12 8.1 - 9.1 7.0 - 7.8 6.3 - 7.0 5.9 - 6.5 5.5 - 6.1 

o.90 13 - 14 9.2 - 10.8 7.9 - 9.3 7.1  - 8.4 6.6 - 7.8 6.2 - 7.3 
0.85 15 - 16 10.9 - 12.9 9.4 -11 . l  8.S -10.0 7.9 - 9.3 7.4 - 8.7 
0.75 17+ 1 3.0+ 11.2+ 1 0. 1 +  9.4+ 8.8+ 

1.00 0 - 8 0.0 - 5.9 0.0 - 5.0 0.0 - 4.S 0.0 - 4.1 0.0 - 3.9 
0.98 9 6.0 - 6.8 5.1 - 5.8 4.6 - 5.2 4.2 - 4.7 4.0 - 4.S 

3/8", No. 4, No. 8, or o.95 10 6.9 - 7.7 S.9 - 6.S 5.3 - 5.8 4.8 - S.3 4.6 - 5.1  
No. 1 6  0.90 1 1  - 12 7.8 - 9.1  6.6 - 7.8 5.9 - 7.0 5.4 - 6.4 5.2 - 6.0 

0.85 13 - 14 9.2 - 10.9 7.9 - 9.2 7.1 - 8.3 6.5 - 7.6 6.1 - 7.2 

0.75 1 5+ 1 1.0+ 9.3+ 8.4+ 7.7+ 7.3+ 

1.00 0 - 6 0.0 - 4.7 0.0 - 4.0 0.0 - 3.6 0.0 - 3.3 0.0 - 3.1 
0.98 7 4.8 - S.4 4.1 - 4.6 3.7 - 4.2 3.4 - 3.8 3.2 - 3.6 

No. SO o.95 8 5.5 - 6.1 4.7 - 5.2 4.3 - 4.8 3.9 - 4.3 3.7 - 4.0 
0.90 9 6.2 - 7.3 S.3 - 6.2 4.9 - S.6 4.4 - 5. 1 4.1 - 4.8 

0.85 10 7.4 - 8.7 6.3 - 7.4 5.7 - 6.7 5.2 - 6.0 4.9 - 5.7 

0.15 1 1+ 8.8+ 7.5+ 6.8+ 6.1+ 5.8+ 

1.00 0 - 3 0.0 - 2.3 0.0 - 2.0 0.0 - U  0.0 - 1 .7 0.0 - 1.6 
0.98 2.4 - 2.6 2.1 - 2.3 1 .9 - 2.1 U - 2.0 1.7 - u 

No. 100 D.95 4 2.7 - 3.0 2.4 - 2.6 2.2 - 2.3· 2. 1 - 2.2 1 .9 - 2.1 
0.90 s 3.1 - 3.6 2.7 - 3.1 2.4 - 2.8 2.3 - 2.6 2.2 - 2.5 

o.ss 3.7 - 4.3 3.2 - 3.7 2.9 - 3.3 2.7 - 3.1 2.6 - 3.0 

0.75 6+ 4.4+ 3.8+ 3.4+ 3.2+ 3.1+ 

1.00 0.0 - 2.0 0.0 - 1 .7 0.0 - 1.5 0.0 - 1 .4 0.0 - 1.3 0.0 - 1 .2 

0.98 2.5 U - 2.0 1 .6 - 1.7 1.5 - 1.6 1 .4 - 1 .5 1.3 - 1 .4 
No. 200 0.95 3.0 2.1 - 2.2 U - 2.0 1.7 - u 1 .6 - 1.7 1.5 - 1.6 

C>.90 2.3 - 2.6 2.1 - 2.3 1.9 - 2.2 U - 2.0 1.7 - 1 .9 
0.85 3.5 2.7 - 3.1 2.4 - 2.8 2.3 - 2.6 2.1 - 2.4 2.0 - 2.2 

0.15 4.0+ 3.2+ 2.9+ 2.7+ 2.5+ 2.3+ 

1 .00 0.00- 0.30 0.00- 0.25 0.00- 0.20 0.00- 0.15 0.00- 0.1 0  0.00- 0.06 
Fineness Modulus 0.98 0.31 - 0.34 0.26- 0.29 0.21- 0.29 0.16- 0.19 0.1 1 - 0. 14 0.07- 0.09 
(Sand Asphalt) MS 0.35- 0.39 0.30- 0.33 0.25- 0.2' 0.20- 0.23 C>.15- O.H 0.10- 0.1 1  

D.90 0.40- 0.46 0.34- 0.37 0.29- 0.32 0.24- o:n 0.19- 0.22 0.12- 0.13 
0.85 0.47- 0.55 0.38- 0.41 0.33- 0.37 0.28- 0.31 0.23- 0.26 0.14- 0.15 
0.75 0.56+ 0.56+ 0.38+ 0.32+ 0.27+ 0. 16+ 

NOTE: When a pay factor leas dwl 1 .00 is determined f« the uphah contem or more dwl ooe sieve. use the lowest pay fader 
determined. 
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TABLE C-21 .  :MISSISSIPPI DOT. PAY1\1ENT SCHEDULE FOR 

0.75 
0.90 
1 .00 
0.90 
0.75 

Factor Lot 

96.l  - 97.0 
95.l  - 96.0 
92.0 - 95.0 
91.0 - 9 1 .9 
90.0 - 90.9 

a lot, sublot or portion thereof with a of more than 97 .0 percent or less than 90.0 
percent of maximum density shall be removed and at the Contractor's expense. 

TABLE c .. 22. NEBRASKA DOT, 
Average Density 

(Percent of Voidless 

90.0 or Greater 
89.5 to 89.9 
89 .0 to 89 .4 
88.9 or Less 

Each Following Lot 

92.5 or Greater 
92.0 to 92.4 
91.5 to 9 1.9 
91.0 to 91 .4 
90.5 to 90.9 
90.0 to 90.4 
89.9 or Less 

SCHEDULE DENSITY 

Factor 

1.00 
0.95 
0.70 

0.40 or 

1 .00 
0.95 
0.90 
0.85 
0.80 
0.70 

0.40 or Reject 



TABLE C-23. NEBRASKA DOT, PAYMENT SCHEDULE FOR ASPHALT CONTENT & 
AGGREGATE GRADATION 

Deviation of the Average of Lot Acceptance Test Results from JMF 
Pay 

Number of Tests Mix Characteristic Factor 

3 4 5 

1 .00 0.00 - 0.37 0.00 - 0.33 0.00 - 0.31 
0.95 0.38 - 0.42 0.34 - 0.39 032 - 037 

Asphalt Content 0.90 0.43 - 0.46 0.40 - 0.43 038 - 0.41 
0.80 0.47 - 0.50 0.44 - 0.47 0.42 - 0.45 
0.70 0.51 - 0.54 0.48 - 0.5 1 0.46 - 0.49 

1 .00 0.0 - 5.6 0.0 - 5.0 0.0 - 4.6 
0.95 5.7 - 6.3 5 .1  - 5.6 4.7 - 5.2 

3/8" Sieve 0.90 6.4 - 7.0 5.7 - 6.3 53 - 5.8 
0.80 7.1  - 7.7 6.4 - 6.9 5 .9 - 6.3 
0.70 7 .8 - 8.6 7.0 - 7.6 6.4 - 6.9 

1.00 0.0 - 4.8 0.0 - 4.3 0.0 - 4.0 
0.95 4.9 - 5.4 4.4 - 4.8 4.1 - 4.5 

No. 4 and No. 10 Sieves 0.90 5.5 - 6.0 4.9 - 5 .3 4.6 - 4.9 
0.80 6.1 - 6.6 5.4 - 5.8 5 .0 - 5.4 
0.70 6.7 - 7.2 5.9 - 6.4 5 .5 - 5.8 

1 .00 0.0 - 3.8 0.0 - 3.4 0.0 - 3 .2 
0.95 3.9 - 4. 1  3.5 - 3.8 33 - 3.5 

No. SO Sieve 0.90 4.2 - 4.5 3.9 - 4. 1  3.6 - 3.8 
0.80 4.6 - 4.9 4.2 - 4.4 3.9 - 4. 1  
0.70 s.o - 5.5 4.5 - 4.9 4.2 - 4.5 

1.00 0.0 - 2.1 0.0 - 1.9 0.0 - 1.8 
0.95 2.2 - 2.3 2.0 - 2. 1 1.9 - 2.0 

No. 200 Sieve 0.90 2.4 - 2.5 2.2 - 2.3 2.1 - 2.2 
0.80 2.6 - 2.8 2.4 - 2.5 23 - 2.4 
0.70 2.9 - 3.1 2.6 - 2.1 2.5 - 2.6 
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NEW LOT 

Quality Q 0.00 O.ot 0.02 0.03 0.04 
0.0 S0.00 49.64 49.29 48.93 48.58 

0. 1 46.44 46.09 45.73 45.38 45.02 

0.2 42.90 42.54 42.1 9  4 1 .84 4 1 .48 

0.3 39.37 39.02 3 8.67 38.32 37.97 

0.4 35.88 35 .5 1 35 . 19 34.85 34.50 

0.5 32.44 32. 10 3 1 .76 3 1 .42 3 1 .08 

0.6 29.05 28.72 28.39 28.05 27.72 

0.7 25.14 25.41 25.09 24.76 24.44 
0.8 22.51 22. 19  2 1 .87 2 1 .56 21 .24 
0.9 19.38 1 9.07 1 s .n 1 8 .46 1 8. 16 

LO 1 6.36 1 6 .07 1 5 .78 15.48 1 5 . 1 9  

u 13 .48 13 .20 12 .93 1 2 .65 12.37 

1 .2 10.76 10.50 1 0.23 9.97 9.72 

L3 8 .2 1  7 .97 7 .73 7 .49 7 .25 

1 .4 5.88 5.66 S.44 5.23 5 .02 

l .S 3 .80 3 .6 1 3 .42 3 .23 3 .05 

1.6 2.03 1 .87 1 .72 1 .57 1 .42 

l.1 0.66 0.55 0.45 0.36 0.27 

Numbers in the of the table are estimates of lot defective to 
Q greater than or to zero, the table value must be subtracted from 1 00. 

:::: 1. 11 ,  \,lV ::::: 0.56 

POL = POU = 30.40 

Total PD = 30.95 

= 5) 

0.05 0.06 0.07 0.08 0.09 

48 .22 47.86 47.5 1 47. 1 5  46.80 

44.67 44.31  43.96 43.60 43.25 

4 1 . 1 3  40.78 40.43 40.08 39.72 

37.62 37.28 36.93 36.58 36.23 

34. 1 6  33 .8 1 33 .47 33 . 1 2  32.78 

30.74 30.40 30.06 29.73 29.39 

27.39 27.06 26.73 26.40 26.07 

24.H 23.79 23.47 23 .15 22.83 

20.93 20.62 20.3 1 20.00 19.69 

17 .86 17.55 17.25 1 6.96 1 6.66 

14.91 14.62 14.05 1 3.76 

12.10 1 1 .83 1 1 .56 1 1 .29 1 1 .02 

9.46 9 .2 1  8 .96 8 .7 1 8.46 

7.02 6 .79 6 .56 6.33 6 .10 

4.8 1 4.60 4.39 4 . 1 9  3.99 

2.87 2.69 ' 2.52 2 .35 2.19 

l .28 l .15 l.02 0.89 0.77 
0. 1 9  0. 1 2  0.06 o.oi 0.00 

values of 0. the index. For values of 



TABLE C-24. NEW YORK DOT, TABLE FOR ESTTh1ATING PERCENT OF LOT WITHIN LIMITS 
(STANDARD DEVIATION METIIOD) 

PWL 

25 
24 
23 
22 
21 
20 
1 9  
1 8 

17 
16 
15 
14 
13 
12 
11 
1 0  

9 

8 

7 

6 
5 

4 
3 
2 
1 

Negative Values of Qu or Q. (Sample Size n = 4) Positive Values of Qu or Q_ (Sample Size n = 4) 

Qu or Q. PWL Qu or Q. PWL Qu or Q. PWL 

0.7500 50 0.0000 99 1 .4700 74 

0.7800 49 0.0300 98 1 .4400 73 
0.8100 48 0.0600 97 1.41 00 72 

0.8400 47 0.0900 96 1 3800 71 
0.8700 46 0.1 200 95 l .3500 70 

0.9000 45 0.1500 94 1 .3200 69 
0.9300 44 0.1 800 93 1 .2900 68 

0.9600 43 0.2100 92 1 .2600 67 

0.9900 42 0.2400 91 1.2300 66 
1 .0200 4 1  0.2700 90 1 .2000 65 

1 .0500 40 03000 89 1.1700 64 
1 .0800 39 03300 88 1.1400 63 
1 .1 100 3 8  03600 87 1 .1 1 00  62 
1 .1400 37 03900 86 1 .0800 6 1  
1 .1700 36 0.4200 85 1.0500 60 
1 .2000 35 0.4500 84 1 .0200 59 

1 .2300 34 0.4800 83 0.9900 58 

1 .2600 33 0.5 100 82 0.9600 57 

1 .2900 32 0.5400 8 1 0.9300 5 6  

1 3200 3 1  0.5700 80 0.9000 55 

1 3500 30 0.6000 19 0.8700 54 

1 3800 29 0.6300 18 0.8400 53 

1 .41 00  28 0.6600 77 0.8 100 52 
1.4400 27 0.6900 16 0.7800 5 1  
1 .4700 26 0.7200 15 0.7500 50 

TABLE C-25. NEW YORK DOT, QUANTITY ADJUSTMENT SCHEDULE 
PWL 

100 - 95 
94 - 84  
83 - 62 

61 - 36 

35 - 1 5  
14 - 5 

< 5  

Quantity Adjustment Factor, Percent 

100 
95 
90 
80 

70 

60 

•• The lot shall be removed and replaced to meet specification requirements as ordered 
by the engineer 
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Qu or Q. 

0.7200 

0.6900 

0 .6600 

0.6300 

0.6000 

0.5700 

0.5400 
0.5 100 

0.4800 

0.4500 

0.4200 

03900 

0.3600 
03300 
03000 

0.2700 
0.2400 
0.2100 

0.1 800 

0.1500 

0.1 200 
0.0900 

0.0600 

0.0300 
0.0000 



TABLE C-26. OKLAHOMA DOT. ACCEPTANCE SCHEDULE 

Number of Tests 

Mix Characteristics Pay Factor 
2 3 4• 

Average of Deviations from Regard to Signs) 

Asphalt Cement Content 1.00 0.00 - 0.70 0.00 - 0.50 0.00 - 0.40 0.00 - 035 
(Extraction or Nuclear) 0.95 0.71 - 0.80 0.5 1 - 0.57 0.41 - 0.46 036 - 0.40 

0.90 0.8 1  - 0.90 0.58 - 0.64 0.47 - 0.52 0.41 - 0.45 
0.80 0.91 - 1 .00 0.65 - 0.71 0.53 - 0.58 0.46 - 0.50 

Target: IMF-Percent (%) Unacceptableb Over 1.00 Over 0.71 Over 0.58 Over 0.50 

Average of Deviations from 

Asphalt Cement Content 1 .00 0.00 - 0.30 0.00 - 0.21 0.00 - 0.17 0.00 - 0.1 5  
(Digital Print-out) 0.95 0.3 1 - 0.35 0.22 - 0.25 0.18 - 0.20 0.1 6  - 0.18 

0.90 0.36 - 0.41 0.26 - 0.29 0.21 - 0.24 0.19 - 0.21 
0.80 0.42 - 0.46 0.30 - 0.33 0.25 - 0.27 0.22 - 0.23 

Target JMF-Percent (%) Unacceptableb Over 0.46 Over 033 Over 0.27 Over 0.20 

of Deviations from 

Gradation: No.4 & Larger 1.00 0.00 - 8.00 0.00 - 5.66 0.00 - 4.62 0.00 - 4.00 
Sieve� 0.98 8.01 - 9.00 5.67 - 6.36 4 .63 - 5.20 4.01 - 4.50 

0.96 9.01 -10.00 6.37 - 7.07 5 .21  - 5.77 4.5 1 - 5.00 
0.94 1 0.01 - 1 1 .00 7.08 - 7.78 5 .78 - 635 5 .01 - 5.50 
0.92 11.m - 12.00 7.79 - 8.49 6.36 - 6.93 5 .5 1  - 6.00 
0.90 12.01 - 13.00 8.50 - 9.19 6.94 - 7.51 6.01 - 6.50 
0.88 1 3.01 - 14.00 9.20 - 9.90 1.52 - 8.08 6.5 1 - 7.00 
0.85 14.01 - 15.00 9.91 -10.61 8.09 - 8.66 7 .01  - 7.50 
0.82 15.01 - 16.00 10.62 - 11.32 8.67 - 9.24 7.51 - 8.00 
0.79 1 6.01 - 17 .00 1 1.33 - 12.02 9.25 - 9.82 8 .01 - 8.50 
0.76 17.01 -18 .00 12.03 -12.73 9.83 - 10.39 8 .5 1  - 9.00 

Target: JMF-Percent (%) Unacceptable., Over 1 8.00 Over 12.73 Over 1039 Over 9.00 

of Deviations from Target Regard to Signs) 

Gradation: No. 10 100 1.00 0.00 - 6.50 0.00 - 4.60 0.00 - 3.75 0.00 - 3 .25 
Sievesc 0.98 6.51 - 7.50 4.61 - 5.30 3 .76 - 4.33 3.26 - 3.75 

0.96 7.51 - 8 .50 5.31 - 6.01 4.34 - 4.91 3.76 - 4.25 
0.93 8.51 - 9.50 6.02 - 6.72 4.92 - 5.48 4.26 - 4.75 
0.91 9.51 - 10.50 6.73 - 7.43 5 .49 - 6.06 4.76 - S.25 
0.88 10.51 - 1 1.50 7.44 - 8.1 3  6.07 - 6.64 5.26 - 5.15 
0.85 11.5 1  -12.50 8.14 - 8.84 6.65 - 7.22 5 .76 - 6.25 
0.82 1 2.51 - 13.50 8.85 - 9.55 7.23 - 7.79 6.26 - 6.75 
0.19 13.51 -14.50 9.56 -10.25 7.80 - 837 6.76 - 7.25 
0.76 14.5 1  -15.50 1 0.26 -10.96 8.38 - 8.95 7.26 - 1.15 

Target JMF-Percent (%) Unacceptable" Over 15.50 Over 10.96 Over 8.95 Over 7.75 



TABLE C-26 (continued). OKLAHOMA DOT. ACCEPTANCE SCHEDULE 

Mix Characteristics 

Gradation: No.200 Sievec 

Target: JMF-Percent (%) 

Air Voids 
(Lab Molded Specimens) 

ADT Target 
5000 or more 5% 
1000 - 5000 4% 
1000 or less 3% 

Hveem Stability 
(Lab Molded Specimens) 

Minimums: 
2500 ADT or more and 

All city streets 40 
Less than 2500 ADT 35 

Pay Factor 

1.00 
0.98 
0.96 
0.94 

0.91 
0.88 
0.85 
0.82 
0.79 
0.76 
Unacceptable11 

1 .00 
0.99 
0.97 
0.94 
0.90 
0.85 
0.79 
Unacceptable" 

1.00 
0.90 
0.80 
Unacceptable11 

Number of Tests 

l 2 3 

Average of Deviations from Target (Without Regard to Signs) 

0.00 - 3.00 
3.01 - 3 .40 
3.41 - 3 .80 
3.8 1  - 4.20 
4.21 - 4.60 
4.61 - 5.00 
5.01 - 5.40 
5.41 - 5.80 
5.81 - 6.20 
6.21 - 6.60 
Over 6.60 

0.00 - 2.1 2  
2. 13 - 2.40 
2.41 - 2.69 
270 - 2.97 
2.98 - 3.25 
3.26 - 3.54 
3.55 - 3.82 
3.83 - 4.10 
4.1 1  - 4.38 
4.39 - 4.67 
Over 4.67 

0.00 - 1 .73 
1 .74 - 1 .96 
1.97 - 2.19 
2.20 - 2.43 
2.44 - 2.66 
2.67 - 2.89 
2.90 - 3.12 
3.13 - 3.35 
3 .36 - 3.58 
359 - 3.8 1  
Over 3.81 

0.00 - 1.50 
1.5 1  - 1 .70 
1.71 - 1 .90 
1.91 - 2.10 
2.1 1 - 2.30 
2.31 - 2.50 
251 - 2.70 
2.71 - 2.90 
2.91 - 3 .10 
3.1 1 - 3.30 
Over 3.30 

Average of Deviations from Target (Without Regard to Signs) 

0.00 - 2.50 0.00 - 1.77 0.00 - 1.44 0.00 - 1 .25 
251 - 258 1.78 - 1 .82 1.45 - 1.49 1.26 - 1 .29 
2.59 - 2.67 1 .83 - 1 .89 1 .50 - 1 .54  1 .30 - 1 .34  
2.68 - 2.75 1.90 - 1 .94 1 .55 - 1 59 1.35 - 1 .38 
276 - 2.83 1.95 - 2.00 1 .60 - 1.63 1.39 - 1.42 
284 - 2.91 201 - 2.06 1 .64 - 1.68 1.43 - 1 .46 
2.92 - 3.00 2.07 - 2.12 1.69 - 1.73 1 .47 - 1 .50 
Over 3.00 Over 2.12 Over 1.73 Over 1 .50 

Average Deviations from Target (Considering Signs) 

(-)2 
(-)3 
(-)4 

Over (-)4 
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0 
(.)2 
(-)3 

Over (-)3 

0 
(-)1 
(-)2 

Over (-)2 

0 
(-)1 
(-)2 

Over (-)2 



(continued). 

Mix Characteristics 

Roadway Density d 
(Core or Nuclear) 

Target 
94.00% of Maximum 
Theoretical 

Surface Smoothness 

Maximum: 
6.0 inches per mile 

Pay Factor 

1 .05 
1.03 
1.02 
1.01 
1 .00 
0.99 
0.97 
0.95 
0.90 
0.80 
Unacceptable., 

SCHEDULE 
Number of Tests 

2 3 

of Deviations from Maximum 

Less than 3.0 
3.0 - 3.6 
3.7 - 4.2 
4.3 . 5.4 
5.4 - 6.5 
6.6 - 7.7 
7.8 - 9.0 
9.1 - 10.0 

10. 1  - 11 .0 
1 1 .l - 120 

More than 12.0 

4 a 

a If more than four tests are conducted. the allowable deviations will be determined by dividing the allowable deviations 
for one test by the square root of the number of tests conducted. 

b Unless otherwise directed by the engineer, products in this range are unacceptable and shall be removed and 
replaced at no cost to the Department. 
When the total adjustment to payment (Combined Pay is to or less than 0.90 the Contractor may. at his 
option, remove and replace the products at no additional cost to the Department or leave them in and receive no 
payment for them. 

c Only the smallest of the gradation pay factors shall be considered in determining adjustment in pat for each lot. 

d It is the intent of this Specification that uniform be obtained. In addition to average 
the allowable range (difference between the highest and lowest densities in the affected lot) is limited to 4.0% on new 
construction and 5.0% on resurfacing. The density pay factors for lots exceeding these limits shall be limited to 0.98 or 
the density pay factors shown above, whichever is less. 

50 



TABLE C-27. OREGON DOT, PAY FACTORS 
Required Quality Level for a Given Sample Size and a Given Pay Factor 

Pay Sample Size 
Factor 

3 4 5 6 7 8 9 1 0- 1 1  12-14 15-18 1 9-25 26-37 38-69 70-200 > 200 

1.05 1 00  1 00  100 100 1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  

1.04 90 9 1  92 93 93 93 94 94 95 95 96 96 97 97 99 

1.03 80 85 87 88 89 90 9 1  9 1  92 93 93 94 95 96 97 

1.02 75 80 83 85 86 87 88 88 89 90 9 1  92 93 94 95 

1 .01  71  77 80 82 84 85 85 86 87 88 89 90 9 1  93 94 

1 .00 68 74 78 80 8 1  82 83 84 85 86 87 89 90 9 1  93 

0.99 66 72 75 77 79 80 8 1  82 83 85 86 87 88 90 92 

0.98 64 70 73 15 77 78 79 80 8 1  8 3  84 85 87 88 90 
0.97 62 68 7 1 74 15 77 78 78 80 8 1  8 3  84 85 87 89 

0.96 60 66 69 72 73 75 76 77 48 80 81 83 84 86 88 

0.95 59 64 68 70 72 73 74 15 77 78 80 8 1  83 85 87 

0.94 57 63 66 68 70 72 73 74 75 77 78 80 8 1  83 86 

0.93 56 61 65 67 69 70 71 72 74 75 77 78 80 82 84 
0.92 55 60 63 65 67 69 10 71 72 74 75 77 79 8 1  83 

0.91 53 58 62 64 66 67 68 69 7 1  7 3  74 76 78 80 82 

Q.90 S2 S1 60 63 64 66 67 68 70 7 1  73 15 76 79 8 1  
0.89 S l  SS S9 61  63 64 66 67 68 70 72 73 1S 11 80 
0.88 so S4 S1 60 62 63 64 65 67 69 70 72 74 76 79 

0.87 48 53 S6 58 60 62 63 64 66 67 69 71 73 15 78 
0.86 47 5 1  SS 51 59 60 62 63 64 66 68 70 72 74 77 
0.85 46 so S3 S6 S8 S9 60 61 63 65 67 69 71 73 76 

0.84 45 49 52 SS S6 58 59 60 62 64 65 67 69 72 75 

0.83 44 48 5 1  53 SS 57 S8 59 61 63 64 66 68 71 74 

0.82 42 46 so 52 S4 55 57 S8 60 6 1  63 65 67 70 72 

0.81 4 1  45 48 S l  53 S4 S6 51 58 60 62 64 66 69 71 
0.80 40 44 47 so 52 53 S4 SS S1 59 61 63 65 61 70 
0.79 38 43 46 48 so S2 S3 S4 S6 S8 60 62 64 66 69 

0.78 37 4 1  4S 47 49 S l  52 S3 SS 57 59 61  63 65 68 
0.77 36 40 43 46 48 so 5 1  52 54 56 57 60 62 64 67 
0.76 34 39 42 45 47 48 50 5 1  S3 55 S6 58 6 1 63 66 

0.75 33 38 4 1  44 46 47 49 50 5 1  53 SS 51 S9 62 65 

Reject Quality levels less dwl those specified for a 0.1S Pay factor. 
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TABLE C-28. OREGON WEIGHING FACTORS USED IN CO:MPUTING Tiffi 
CO:MPOSITE PAY FACTOR . 

Mix Constituent Weighing Factor 

AU aggregate passing 1 " , 3/4" and 1/2" sieves 
All aggregate passing 1/4" sieve 
AU passing No. 10 sieve 
All passing No. 40 sieve 
All aggregate passing No. sieve 
......,.,..,, ....... ........ Content 
Moisture content 

Maximwn pay factor = unless otherwise spe:c1ti:ea. 

1 Each 

5 
5 
3 

10 
26 
8 

40 

When the CPF is greater than it will be as follows: Reduction in CPF = 
- 1) / 2 

TABLE C-29. PENNSYLVANIA PAY FACTORS FOR AC 
DENSITY NOT WITHIN TOLERANCE 

Percent within Limits Factor (%) Percent within Limits 

99 91 8 1  79 
98 97 79 78 
97 97 78 16 
96 96 11 14 
95 96 76 72 
94 95 75 7 1  

93 95 74 69 
92 95 73 67 

9 1 95 72 66 
90 95 71  64 
89 93 70 62 
88 91 69 60 
87 90 68 59 
86 88 61 57 
85 86 66 55 
84 84 65 S4 
83 83 64 52 
82 8 1  Less than 64• so 

a See Section 402.4(b )3 
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TABLE C-30. SOUTH CAROLINA DOT. PAY FACTORS FOR ASPHALT CONTENT & AGGREGATE 
GRADATION 

Deviation of Average of Acceptance Test Results from JMF 
Mix Characteristics % Bid Price 

1 Test 2 Tests 3 Tests 4 Tests 

AC Content for Surface Course & 100 0.00-0.47 0.00-0.33 0.00-0.27 0.00-0.24 

Sand-Asphalt 95 0.48-0.56 0.34-0.40 0.28-0.32 0.25-0.29 

90 0.57-0.61 0.41-0.43 0.33-0.35 0.30-0.31 

Asphalt Content for Binder Course 100 0.00-0.58 0.00-0.41 0.00-0.34 0.00-0.29 

95 0.59-0.70 0.42-0.49 0.35-0.41 0.30-0.35 

90 0.50-0.53 0.50-0.53 0.42-0.44 0.36-0.38 

Asphalt Content for Asphaltic Base 100 0.00-0.63 0.00-0.46 0.00-0.39 0.00-0.34 

95 0.64-0.75 0.47-0.54 0.40-0.46 0.35-0.40 

90 0.76-0.80 0.55-0.58 0.47-0.49 0.41-0.43 

Gradation for Surface Courses 

No. 8 & Larger Sieves 
100 0.0-7.0 0.0-4.9 0.0-4.0 0.0-3.5 

95 7.0-8.4 5 .0-5.9 4.1-4.8 3.6-4.2 

90 8.5-9. 1 6.0-6.4 4.9-5.2 4.3-4.6 

No. 30 Sieve 
100 0.0-6.3 0.0-4.4 0.0-3.6 0.0-3.2 

95 6.4-7.6 4.5-5.3 3.7-4.3 3.3-3.8 

90 7.7-8.2 5.4-5.1 4.4-4.7 3.9-4.2 

No. 100 Sieve 
100 0.0-4.2 0.0-3.0 0.0-2.4 0.0-2.1 

95 4.3-5.5 3.4-3.9 2.5-3. 1  2.2-2.7 

90 5.6-6.9 4.0-5.0 3.2-4.0 2.8-3.5 

No. 200 Sieve 
100 0.00-2.33 0.()0-1 .64 0.00-1 .35 0.00- 1 . 17 

95 2.34-2.80 1.65-1 .97 1 .36-1 .62 1 . 1 8-1 .40 
Gradation for Binder Courses 90 2.81-3.03 1 .98-2. 13 1.63-1.76 1 .41-1.52 

No. 3/8" & Larger 
Sieves 

100 0.0-10.5 0.0-7.4 0.0-6.0 0.0-5.3 

95 10.6-126 7.5-839 6.1-7.2 5.4-6.4 

Nos. 4 & 8 Sieves 90 12.7-13.7 9.0-9.6 7.3-7.8 6.5-6.9 

100 0.0- 8.2 0.0-5.8 0.0-4.8 0.0-4.1 

95 8.3- 9.8 5.9-7.0 4.9-5.8 4.2-4.9 

No. 30 Sieve 90 9.9-10.7 7.1-7.5 5.9-6.2 5 .0-5.3 

100 0.0-6.3 0.0-4.4 0.0-3.6 0.0-3.2 

95 6.4-7.6 4.5-5.3 3.7-4.3 3.3-3.8 
No. 100 Sieve 90 7.7-8.2 S.4-S.1 4.4-4.7 3 .9-4.2 

100 0.0-4.2 0.0-3.0 0.0-2.4 0.0-2. 1 
95 4.3-S.5 3.1-3.9 25-3.1 2.2-2.7 

No. 200 Sieve 90 S.6-6.9 4.0-S.O 3.2-4.0 2.8-3.S 

100 0.00-2.33 0.00-1.64 0.00-1.35 0.00-1. 17 

9S 2.34-2.80 1.65-1 .97 l .36--1 .62 1.18-1.40 
90 2.81-3.03 l.98-2.13 1 .63-1.76 1 .41-1 .52 
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TABLE C-3 1. TENNESSEE DOT. PAY FACTORS FOR ASPHALT CONTENT & AGGREGATE 
GRADATION 

Arithmetic Deviation of Acceptance Test from the Job Mix Form 

Mix Characteristics 
1 Test 2 Tests 3 Tests 4 Tests 

Asphalt Cement Content 1.00 0.00- 0.55 0.00- 0.46 0.00- 0.40 0.00- 0.35 
(Extraction) 0.95 0.56- 0.63 0.47- 0.53 0.41- 0.46 0.36- 0.40 

0.90 0.64- 0.71 0.54- 0.64 0.47- 0.52 over 0.45 

Gradation 1.00 0.00- 9.00 0.00- 7.50 0.00- 6.50 0.00- 5 .70 
3/8" Sieve and 0.95 9.0 1 -10.00 7.51 - 8 .21 6.5 1- 7.08 5 .7 1 - 6 .20 

0.90 10.01 -U .OO 8.22- 8.92 7.09- 7.66 6.21 - 6.69 
0.80- over 1 1 .00 over 8.92 over 7.66 over 6.69 

Gradation 1.00 0.00- 7.00 0.00- 5.66 0.00- 4.62 0.00- 4.00 
No. 4 0.95 7.01- 7.8 1 5.67- 6 .36 4.63- 5 .20 4.01- 4.50 

0.90 7.82- 8.62 6.37- 7.07 5.21 - 5 .77 4.51- 5 .00 
0.80- over 8.62 over 7.07 over 5 .77 over 5.00 

Gradation 1.00 0.()() .. 6 .00 0.00- 4.60 0.00- 3 .80 0.00- 3.30 
No. 8, 30, &. 50 0.95 6.01- 6.81 4.61 - 5.3 1  3 . 8 1 - 4.46 3.31- 3.9 1  

0.90 6.82- 7.62 5.32- 6.02 4.47- 5 .12 3.92- 4.52 
0.80- over 7.62 over 6 .02 over 5.12 over 4.52 

Gradation 1 .00 0.00- 2.50 0.00- 2.10 0.00- um 0.00- 1 .60 
No. 100 &. 200 Sieves., 0.95 2.51- 3.00 2.1 1- 2.40 un- 2.00 1.61 - 1 .75 

0.90 3.01- 3.50 2.41- 2.70 2.01- 2.20 1 .76- 1.90 
0.80- over 3 .50 over 2.70 over 2.20 over 1 .90 

a If approved the Engineer. the Contract.or may accept the indicated pay. The removal 
and replacement at no cost Contractor has the to remove and at any 

time. 

b When there is more than one reduced payment relating to the greatest reduction in payment will be 
applied. Reductions applicable for any other reason will be cumulative. 

c Does not apply to 307 Grading "A", "A-S", or "A-CRL" mixes. 



TABLE C-32. VIRGINIA DOT, PROCESS TOLERANCE 
Tolerance on Each Laboratory Sieve and Asphalt Content (Percent) 

No. of Tests 
Top Size 1 1/2" 3/4" 1/2" 318" No. 4 No. 8 No. 30 No. 50 No. 200 A.C." 

1 0.0 ± 8.0 ± 8.0 ± 8.0 ± 8.0 ± 8.0 ± 8.0 ± 6.0 ± 5.0 ± 2.0 ± 0.60 
2 0.0 ± 5.7 ± 5.7 ± 5 .7 ± 5 .7 ± 5 .7 ± 5.7 ± 4.3 ± 3 .6 ± 1.4 ± 0.43 
3 0.0 ± 4.4 ± 4.4 ± 4.4 ± 4 .4 ± 4.4 ± 4.4 ± 3.3 ± 2.8 ± 1.1 ± 0.33 
4 0.0 ± 4.0 ± 4.0 ± 4.0 ± 4.0 ± 4.0 ± 4.0 ± 3 .0 ± 2.5 ± 1.0 ± 0.30 

5 0.0 ± 2.8 ± 2.8 ± 2.8 ± 2.8 ± 2.8 ± 2.8 ± 2.1 ± 1.8 ± 0.7 ± 0.21 

a Asphalt content will be measured as extractable asphalt. 

TABLE C-33. VIRGINIA DOT, ADJUSTMENT POINTS FOR AC CONTENT & GRADATION 

OUTSIDE PROCESS TOLERANCE 

Sieve Size 

2" 
1 1/2" 

l "  

3/4" 

l/2" 

3/8" 
4 

8 
30 

so 
200 

AGGREGATE GRADATION 

Adjustment Points for Each 1 % that Gradation is Outside the Process 
Tolerance Permitted in Table B-32 

AC CONTENT 

l 

l 

1 
1 

1 

l 

l 

1 

2 

2 

3 

One adjustment will be applied for each 0.1% that the material is out of the process tolerance for asphalt content. 

a In the event the total adjustment points is 25 points or less and the Contractor does not elect to remove and 
replace the material, the unit price for the material will be reduced by 1 % of the unit price bid for each 
adjustment point 

In the event the adjustment points are applied against three successive lots, plant adjustment shall be made prior 
to continuing production. 
In the event the total adjustment for a lot is greater than 25 points, the failing material shall be removed from 

the road. 

SS 



C-34. 
VARIABILITY 

Attribute 

1/2" 

318" 

No. 4 
No. 8 
No. 30 
No. S O  

No. 200 

AC Content 

ADJUSTMENT POINTS FOR PROCESS 

Standard Deviation of Test Results 

Number of Adjustment Points• 

1 2 

3 .8-4.7 4.8-5.7 
3 .8-4.7 4.8-5.7 
3.8-4.7 4.8-5.7 
3 .0-3.9 4 .0-4.9 
2.2-3. l  3 .2-4. 1 
1.5-2.4 2.5-3.4 
1 .1-2.0 2.1 -3.0 

0.27-0.36 0.37-0.46 

a The unit bid price will be reduced by 0.5% for each ad11Jstn1ent 
deviation. The disposition of material standard deviation 
determined the engineer. 
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3 

5 .8-6.7 
5.8-6.7 
5 .8-6.7 
5.0-5.9 
4.2-5.1  
3 .5-4.4 
3 .1 -4.0 

0.47-0.56 



TABLE C-35.  WASIDNGTON STATE DOT. ALLOWABLE JMF TOLERANCE LI:MITS & WEIGHTING 

FACTORS USED IN CO:MPUTING CO:MPOSITE PAY FACTOR 

Constituent of Mixture 

Aggregate passing 1 ", 3/4", 5/8". 1{2" & 3/8" sieves 
Aggregate passing 1/4" sieve 
Aggregate passing No.10 sieve 
Aggregate passing No.40 sieve 
Aggregate passing No.200 sieve 
Asphalt cement 

Tolerance Limits Weighing Factor "f' 

Broad band specification limits of Table B-36 2 

± 6% 6 

± 5% 10 
± 4% 6 

± 2.0% (see Note 1) 20 

± 0.5% (see Note 2) 52 

Note 1 :  2.0% if less than 50% RAP. 2.5% for 50% RAP or more. 
Note 2: 0.5% if less than 20% RAP. 0.7% if over 20% but less than 50% RAP. 1.0% if 50% or greater RAP. 

TABLE C-36. WASHINGTON STATE DOT, AGGREGATE GRADATION REQUIRE:ME.NTS 
Sieve Size Percent Passing by Weight 

Class B Class D Class E Class F Class G 

1 1/4" square 100 
1 "  square 90 - 100 
3/4" square 100 
518" square 100 67 - 86 

1{2" square 90 - 100 100 60 - 80 80 - 100 100 
3/8" square 75 - 90  97 - 100 91 - 100 
114" square 55 - 75 40 - 62 45 - 78 60 - 88 

U.S. No. 4 30 - 50 

U.S. No. 8 s - 15 

U.S. No. 10 32 - 48 25 - 40  30 - 50 32 - 53 

U.S. No. 40 11 - 24 10 - 23  1 1  - 24 
U.S. No. 20Cr 3.0 - 7.0 2.0 - s.o 2.0 - 9.0 2.0 - 8.0 3.0 - 7.0 

a For asphalt concrete classes B. E. F. and G produced using recycled asphalt materials and placed in areas other than 
the wearing course of the traveled lane. the gradation for the U.S. No. 200 sieve is revised as follows: 8.0% for 50% to 
60% recycled material, and 9.0% for 61% to 70% recycled material. 
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TABLE C-37. WASFilNGTON STATE DOT, PAY FACTORS 

Level for a Given Size and a Given Pay Factor 

Pay 
Factor 

3 4 5 6 7 8 9 1 0- 1 1  1 2-14 15-18 1 9-25 26-37 38-69 70-200 > 200 

1 .05 1 00 100 1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  100 1 00  

1 .04 90 9 1  92 93 93 93 94 94 95 95 96 96 97 97 99 

1 .03 so 85 87 88 89 90 9 1 91  92 93 93 94 95 96 97 

1 .02 15 80 83 85 86 87 88 . 88 89 90 9 1  92 93 94 95 
1 .0 1  71 77 80 82 84 85 85 86 87 88 89 90 9 1  93 94 

1 .00 68 74 78 80 8 1  82 83 84 85 86 87 89 90 9 1  93 

0.99 66 72 15 77 79 80 81 82 83 85 86 87 88 90 92 

0.98 64 10 13 15 77 78 79 80 8 1  83 84 85 87 88 90 
0.97 62 68 71 74 75 77 78 78 80 81 83 84 85 87 89 

0.96 60 66 69 72 73 75 76 77 48 80 8 1  83 84 86 88 

0.95 59 64 68 70 72 73 74 75 77 78 80 8 1  83 85 87 

0.94 57 63 66 68 70 72 73 74 15 77 78 80 8 1  83 86 

0.93 56 6 1  65 67 69 70 7 1  72 74 75 77 78 80 82 84 

0.92 55 60 63 65 67 69 70 71 72 74 75 77 79 81 83 

0.91 53 SS 62 64 66 67 68 69 71 73 74 76 18 80 82 

0.90 52 57 60 63 64 66 67 68 70 71 73 75 76 19 8 1  

0.89 5 1 55 59 6 1  63 64 66 67 68 70 72 73 75 77 80 

0.88 so 54 57 60 62 63 64 6S 67 69 70 72 74 76 7 9  

0.87 48 53 56 58 60 62 . 63 64 66 67 69 71 73 1S 78 

0.86 47 5 1  55 57 59 60 62 63 64 66 68 70 72 74 77 

0.85 46 so 53 S6 SS 59 60 61 63 65 67 69 71 73 16 

0.84 4S 49 52 SS 56 S8 59 60 62 64 65 67 69 72 75 

0.83 44 48 5 1  53 SS 57 58 59 6 1  63 64 66 68 7 1  74 

0.82 42 46 so 52 54 SS 51 S8 60 6 1  63 65 61 70 72 

0.81 4 1  45 48 5 1 53 54 56 51 58 60 62 64 66 69 7 1  

0.80 40 44 47 50 52 53 54 55 57 59 61 63 65 67 70 

0.79 38 43 46 48 so 52 53 54 56 58 60 62 64 66 69 

0.78 37 4 1  45 47 49 5 1  52 53 SS 57 59 6 1  63 6S 68 
0.77 36 40 43 46 48 50 S l  52 54 56 51 60 62 64 67 

0.76 34 39 42 45 47 48 so 5 1  5 3  55 56 58 6 1  63 66 

0.75 33 38 4 1  44 46 47 49 so 5 1  5 3  SS 51 S9 62 6S 

Reject Quality levels less than those specified for a 0. 15 Pay factor. 



TABLE C-38. WEST VIRGINIA DOT, ADJUSTMENT OF CON1RACT PRICE FOR PAVEMENT 
DENSITY NOT WITIUN TOLERANCE 
Percent of Lot Within Tolerance 

85 to 100 
80 to 85 
75 to 80 
70 to 75 
Less than 70 

Percent of Contract Price to be Paid 

100 
98 
97 
93 
See Note 1 

Note 1 :  The Department will make a special evaluation of the material and determine the appropriate action. 

TABLE C-39. WEST VIRGINIA DOT� AGGREGATE GRADATION TOLERANCE LIMITS 
& MULTIPLICATION FACTORS 
Sieve Size Plant Mix Tolerances Multiplication Factor (M) 
2" 1 
1 tn." ± 7 l 
r· 1 
3/4" ± 7  1 
1n." ± 1  1 
318" ± 5  1 
No. 4 ± 5  1 
No. 8 ± 5  1 
No. 1 6  ± 5  1 
No. 30 1.5 
No. 40 1 .5  
No. 50 ± 4  1 .5  
No. 100 2.0 
No. 200 ± 3  2.5 

S9 



TABLE C-40. WEST VIRGINIA 
GRADATION 

PRICE ADmSTMENT FOR AGGREGATE 

Degree of Nonconformance• 

0.0 - 2.0 
2.1 - 4.0 
4.1 - 6.0 
6.1 - 8.0 
8.1  - 9.1 

Greater than 9.1 

Adjusted Unit Price 

1 00  

98 
97 
93 
90 

See Note l 

a The total measure of the nonconformance is the sum of the nonconformances on the various sieves 
which would be written thus: + where E is a which means 
summation, L is the lower limit of the specification, U is the upper limit of the is the 
nmt1c1:uar average which is nonconforming and M is the factor assi,gm�a 
sieve on which the nonconformance occurs. 

Note 1 :  Make special evaluation of the material and determine am:1rortnaite action. 

TABLE 

0.0 
0.1 
0.2 

Greater than 0.2 

The degree of nonconformance is determined as follows: 

When is greater than the PMF: Qu = UL 

When X4 is less than the PMF: 
Where: 

X4 = Moving average of four individual test 
= of the last four individual test results; 

UL = Tolerance Limit = PMF + 0.6 - 0.45 
LL = Tolerance Limit = PMF - 0.6 + 0.45 
PMF = Plant mix formula. 

= LL -

100 
95 
90 

See Note 2 

When the moving average falls outside of the tolerance limits as described above. then the sublot of material 
represented is considered to be nonconforming. When a lot of material. is nonconforming, then the last sublot 
contained shall have its price reduced in accordance with the above schedule. 

� Make special evaluation of the material and determine IDtlrolltnalte action. 
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APPENDIX D 

NAMES AND ADDRESSES OF RESPONDENTS TO SURVEY 
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TABLE D-1 .  NAlvfES , ADDRESSES, AND PHONE NUMBERS OF RESPONDENTS 
Agency Respondent Name Address Phone No. 

Arizona August Hardt Arizona DOT (602) 255-8274 
Deputy State Engineer Highway Operations Group 

206 S. 17th Avenue 
Phoenix, AZ. 85007 

Colorado Robert Clevenger Colorado DOT (303) 757-901 1 
Chief Engineer 4201 E. Arkansas Ave. 

Denver, CO 80222 

Connecticut Charles Dougan Connecticut DOT (203) 258-0372 
Director of Research & Materials · Bureau of Highways 

24 Wolcott Hill Road 

Wethersfield. CT 06109 
Florida Lawrence L. Smith Florida DOT (904) 372-5304 

State Materials Engineer 2006 N .E. Waldo Road 
Gainesville, FL 32062 

Georgia Ronald Collins Georgia DOT (404) 363-7569 
Bituminous Materials Engineer 15 Kennedy Drive 

Forest Park, GA 30050 

Indiana D. W. Lucas Indiana DOT (317) 232-5523 
Chief Engineer State Office Bldg. 

100 N. Senate Ave. 
Indianapolis. IN 46204 

Iowa Roderick W. Monroe Iowa DOT (515) 239-1003 
Bituminous Materials Engineer 800 Lincoln Way 

Ames, IA 50010 

Kansas L. S. Ingram Kansas DOT (913) 296-3566 
Chief of Materials & Research Docking State Office Bldg. 

Topeka. KS 66612 

Kentucky Larry Epley Kentucky DOT (502) 564-3160 

Materials Engineer Frankfort, KY 40622 

Mississippi J. H. Cruse Mississippi State Highway Dept. (601)  352-1174 
Assistant Materials Engineer P.O. Box 1850 

Jackson, MS 39215 

Nebraska Laird E. Weishahn Nebraska DOT (402) 479-4675 

Bituminous Materials Engineer P.O. Box 94759 
Lincoln, NE 68509 

New Jersey Fred Lovett New Jersey DOT (609) 292-4758 
Materials Engineer 1035 Parkway Ave., CN 600 

Trenton, NJ 08625 

New York William A. Snyder New York State DOT (518)457-4582 

Materials Engineer 1220 Washington Ave. 
Albany, NY 12232 
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TABLE D-1 (continued). NAMES . ADDRESSES .  AND PHONE NU1vmERS OF RESPONDENTS 

Oregon 

Pennsylvania 

South Carolina 

Tennessee 

Washington 

West 

.Ke1;po1ride:nt Name 

Kenneth E. Husby 
Manager, Office of Operations 

William R. Moyer 
Chief J::.m�meer 

Robert L. White 
State Highway Engineer 

Waybum ...,Ji a.uv1i"''"' 
Assistant Director for Construction 

William E. w ..... -..... ,., 
Materials Engineer 

Jim Walter 
Materials Engineer 

L. Robson 
Materials Engineer 

Address 

DOT 
2950 S tate Street 
Salem, Oregon 9730f 

Perms\rlvan1a DOT 
ttarnsburg, PA 17120 

South Carolina DOT 
955 Park Street 
Columbia, SC 29202 

Tennessee OOT 
700 James K. Polk 
Nashville. TN 37219 

DOT 
1401 E. Broad Street 

Richmond, VA 23219 

Phone No. 

(503) 378-6528 

787-5610 

737-1350 

741-2831  

737-773 1 

753-6005 

348-5338 



APPENDIX E 

SAMPLE LETTERS OF RESPONSE TO SURVEY 
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AR IZONA D E PA RTM ENT O F  TRA N S PO RTATIO!\ 
HIGHWAYS D I V I S I ON 

206 South Seventeenth Avenue Phoenix .  Arizona 85007 
ROSE MOFFORD 

Governor July 9 ,  1 9 9 0  
CHARLES l MILLER 

Dtrector 

Mr . s . c . Byers , P . E . 
Ass istant D irector - Operations . 
Oklahoma Department of Transportation 
2 0 0  N . E . 2 1st Street 
Oklahoma City , Oklahoma 7 3 1 0 5- 3 2 04 

RE : End Product Asphalti c  Concrete 

Dear Mr . Byers : 

T HOMAS A Bl'lY A N T  JI 
S:ate Eng1nee' 

Enclosed are two documents sent in response to your June 2 6 , 19 9 0  
l etter t o  Tom Bryant concerning Qua l ity control and Qua l ity Assurance 
programs . The f irst document , Review o f  AQOT ' s  Qua l ity Assurance 
Asphaltic Concrete Spec i f i cations . by Jon Epps of the University cf 
Nevada , Reno , i s  a study o f  our preaent spec i f i cat ion acceptance 
tolerances . The study was performed on data obtained through the use 
of our end product asphaltic concrete speci f ications and i ndicated 
our existing tolerances could be t ightened . The second document is a 
draft of our revised end product asphaltic concrete speci f i cation 
which is to be implemented thi s  fall . 

ADOT has u sed the end product asphaltic concrete speci fication 
s ince 1 9 84 with extensive use starting in 1 9 8 8 .  Presently , we have 
over 3 mi l lion tons of asphaltic concrete p laced us ing the 
spec i f i cat i on . our speci ficati on is quite d i fferent from Oklahoma ' s  
in the method o f  determining pay factors s o  a direct comparison of 
the two spec i f i cations i s  very d i f f icult . ADOT ' s  e�-perience with our 
end product asphaltic concrete specification has thus far been very 
pos itive . The vast maj ority of our A . C .  paving is now done with th is 
specif icati on . 

P lease feel free to contact me at ( 60 2 ) 2 5 5 - 8 2 7 4  to discuss thi s  
information further . 

OKC : cnh 
Enclosures 

S incere).y , 
.- ' 

{�4;#(;; 
�G� -�. �; 
Depa::tty State Engineer 
H ighway Operations Group 

HIGHWAYS • AERONAUTICES e MOTOR VEHICLE • PUBLIC TRANSIT • ADMINISTRATIVE SERVICES • TAANSPOfllTATION Pl.ANNING 



4201 East Arkansas Ave. 
Denver. Colorado 80222 
(303) 757-901 1 

Mr. S. C. Byers, P .E. 
Assistant Director.Operations 
Oklahoma Department of Transportation 
200 N.E. 21 st. Street 
Oldahoma City, Oklahoma 731 05-3204 

Dear Mr. Byers: 

July 5, 1 990  

This letter is i n  response t o  your letter of June 26, 1 990, i n  which you requested information regarding 
Colorado's experience with statistically based acceptance specifications. 

Colorado adopted a statistically based acceptanCe specification in 1 971 . This � included 
alt of the materials items and has been UMd on all projects. After nineteen years of successful use, 
we have a high degree of confidence in this specification. (copy attached ·  see attachment A) 
A more contemporary approach to statistically based acc:eot:anc:e is the Quality leYel Analysis � 
Using this system, the estimated percent complianc::e to a can be calcuiated. We are now 
� this type of specifacation u il nu soma 
One of the major enhanc:ements of this specification is an inc�entive/1disina�nt�te 
attached a copy of this specification for your information. 

We are also starting to require the contractor to conduct his own quality control Our QC/QA 
specification is very complete in that it includes all of the materials items over which contractor hu 
control ot the process. We have this QC/QA specification in approximately twelve projedS which will 
be constructed this season. (copy attached - see attachment C) 

• 

If need additional information please write or call our Materials Branch: Mr. Leo O'Connor, Phone 
757-9449. 

1 6  1990 
�. r"11"'.-�1'1i 

or _ ·;·: · ·  . ... . . s 



STATE OF CONNECTICUT 
DEPARTMENT OF TRANSPORTATIO N  

24 WOLCOTI HILL ROAD. P.O. DRAWER A 
WETHERSFIELD, CONNECTICUT 06 1 09-0801 

Phone : ( 203 ) 258-0372 
OFFICE OF B.ESEAR.CH AND MATERIALS 

July 13 , 1 990 

Mr . s. c. Byers , P . E. 
Assistant Director-Operations 
State of Oklahou 
Departaent of Transportation 
200 N . !. 2 1 st S treet 
Oklahou City ,  Oklahou 73105-3204 

Dur Mr. Byers : 

Subj ect : Quality Control-Quality Assurance Prograa (QC-QA) 

Your letter dated June 26 , 1990 , adch:'eHed to Mr . Ecbaund J .  
Mickiewicz ou the subj ect ,  has been forwarded to Ill! for a response. 

Enclosed is a copy of a report tit.led '"Iaplacmtation of 
S tatistical Specifieatioma for the Control of B ituainous Concrete -
&eport V, Final &eport. "  This report aW!llllarized several years of 
experience with s tatisti�lly based specifications which were 
employed in aeveral experiMntal projects . Su'H1u1uctly , theH 
speeif ieatiOllS were incorporated into our standard Mtuials 
specifications . A copy of our current vudon of theH 
specifieatio1U1 is aclosed al&s0 . 

It b a pleasure to be of aadatance , and I trust the 
iuforutiou supplied will help you with your s tudy. If you have 
any questiou or require addi tional iufonaation, pleaae contact 
Kr . �eith &. La!m, AHiatant Director, Division of Materiab 

rr1v Teoting, at tbil Office. Bia telephone uuaber ia ( 203 ) 2 58-0321 .  f]t�L Eb 
Very tnly yours • .l U l 1 7 19iJ' 

f} tJ � DIRECT� ,.·�I�</ £_, :!/CZ{f?�TIONS 

Charles 1. Dougan, Ph. D ,  P .� 
Director of l.esearch and Matuial1 
Bureau of Highways 
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( 904 ) 3 72 -5304 

Mr . S.  C.  Byers , P. E .  
As s i s tant Director - Operations 
State of Oklahoma 
Department of Transportation 
200 N. E .  2 1st .  Street 
Oklahoma City , OK 7 3 105-3204 

Dear Mr . Byers : 

State Materials Off ice 
Pos t  Off ice Box 1 029 
Gainesville , Florida 3 2 602 

Ju ly 10 , 1990 

This letter is in response to your June 26 , 1990 letter to Mr . V. G. Marcoux 
regarding Florida ' s  Quality Assurance Program for Bituminous Concrete . 

We have been under a Quality Assurance Specification s ince January 1978 and 
are very p leased with its results to date . Although we now consider our program 
very success ful , we also had some difficulties during the early days of its 
implementation and we understand your concerns . 

As you requested , we are sending you the following information on our Quality 
Assurance Program : 

1 .  Sections 330 & 331 of our Standard Specifications 
for Road and Br�dge Construction . 

2 .  Two variability studies which were used to establish 
within-laboratory and between-laboratory variability 
for our Quality Assurance Program. 

Hopefully this material will be of some benefit to you as you continue to 
refine your QC-QA Program .  If you have any questions or need further information 
regarding this matter , please contact myself , G .  C. Page or K. H .  Murphy at the 
above number . 

LLS : mc  

Enclosure 

cc : V .  G .  Marcoux 
G .  c. Page 
K. H .  Murphy 

Sincerely ,  

L .  L .  Smith ,  P .  E .  
State Materials Engineer 



�epadm.ent nf '<Irranspndatinn 
�tn:te nf Oienrgia 

@ffi.ee nf �atertal§; zmb ��eardt 
15 11.enn.ebfZ �1riue 

JJfnreet Jark, Oienrgia 311050-2599 

July 9 ,  1 990 

Mr . S .  C .  Byers , P . E .  
Ass is tant Director - Operat ions 
Oklahoma Department of Transportat ion 
200 N . E .  2 1 s t  S treet 
Oklahoma C i ty , Oklahoma 7 3 1 05-3204 

Dear Mr . Byers : 

Subj ec t : QwU.icy Control - Qwll.ity Assurance 

Your June 26 , 1 990 letter to our State Highway Engineer was r eferred 
to me for a r espons e . Thank you for the information which you provided 
on your new QC-QA Program for asphaltic concrete . 

As you reque sted attached is a copy of our Res earch Report No . 6908 
which reports on the work which was accomplished to develop our s ta t is
t ically based asphaltic concrete control and acceptance procedures .  
Also a ttached i s  a copy o f  our lates t  asphaltic concrete specificat ion s . 

If you have any ques tions or would like addit i onal informa t ion , you 
may contact me at ( 404) 363-7569 . 

LC : dm  

Attachment 

cc : Stanley Lord 

Very truly yours , 

I .  .... I .. 
_,,r ' I '  I --T /7 1J '� "- t :1 •j U .. L 
, � )  .c •  � '  . . 

Lamar Caylor 
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0�IANA 
TRANSPORTATION 

INDIANA DEPARTMENT OF � 
100 North Senate Avenue 

Indianapolis, Indiana 46204-2249 

August 6. 1990 

S .  C. Byers 
Assistant Director - Operations 
Oklahoma Dept . of Trans:portation 
200 N . E .  21st . Street 
Oklahoma City , OK 73105-3204 

Dear Mr. Byers : 
In res:ponse to your inquiry concerning our Quality Control-Quality 

Assurance program we are enclosing our current Q.A. for 
bituminous mixtures . Also enclosed are the standard for each 
of our mixtures from each of and f inel!!S collection 
Tb.is data was accumulated from contracts over the 
years . Our intent is to check these standard deviations 

assure that our acceptance tolerances are reasonable . 

Please call us if ycu need further information . 

l)tlL!RPW/rs 

cc : File 

_,;,,. : D. W. Lucas 
Chief Engineer 

1 5  
ASST. Df REC :· JR 
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ST.\ TE OF K.\'.\S:\S 

K..\.'.\SAS DEPARDI E '.\T OF TRA'.\S PORTATJO:\ 
Docking State Office Buildin>Z 

Horace B. Edwards Secretary of Transportation 

Topeka 66612-1568 
1913 J 296-3.566 

July 2 5 ,  1 9 9 0  

Mr . s .  c .  Byers , P . E .  
Ass istant Director-operations 
Oklahoma DOT 
2 0 0  N . E .  2 1st St . 
Oklahoma City , Oklahoma 

Dear Mr .  Byers : 

\l ikt> Hanlt>n 
Goccn10� of A<lll HH 

I have been asked to respond to the June 2 6th letter that you 
sent to Mr .  Lackey , concerning your QC-QA program for asphalt 
concrete pavements . I have studied the special provision that 
accompanied the l etter with a great deal of interest . We share 
your concerns as to what the appropriate l imits are for setting 
pay adj ustment factors on the various mixture characteristics . To 
date , KOOT has used QC-QA clauses only on aggregate gradation for 
plant mixed bituminous pavements . We are currently in the process 
of incorporating a ride specification for b ituminous pavements . 

I am attaching a copy o f  our gradation specification and 
our ride speci fication for your reference . The · appropriate pay 
adj ustment factors are also included . 

We have tabulated the gradation pay adj ustments for the 
various mix types produced for 1 9 8 9  and for 1 9 9 0  to date . We 
analyzed this data to determine if the gradation l imits were 
set appropriately . The values shown bel ow lead us to bel ieve that 
genera l l y ,  our gradation l imits are properly established . our 
BM-lB mix type has a higher non-comp l iance rate than the overal l  
average o f  all mix types . We are reviewing this mix t o  determine 
if we need to adjust the specification l imits or wait to s ee i f  
the hot mix paving industry can improve their Q C  capabilities . 
You will note that the BM-lB compliance record for 1 9 9 0  is 
s igni f icantly better than the 1 9 8 9  record . 
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Mix 
Year Type 

Total 
Lots ( No . ) 

Lots with 
1 0 0 %  Pay ( % )  

8 9  

8 9  

9 0  

9 0  

of 
to 

all 7 64 9 0  

BM- lB 13 9 3 8  

al l  5 5 4  5 5  

BM- lB 9 3  1 8  

We are currently data to determine the 
the cement content in our bituminous mixes . 

data to determine i f  we have a 
We a l so 
content 
l imits are . 

to determine i f  
solve the 

is determining 
o f  mix we 

l imits be 

8 8  

7 3  

9 0  

8 1  

we have 
for the 

We bel ieve 
and gap 

I the attached information will be o f  some use to 
If you have questions or comments , contact me 
your convenience . I will to contact you a fter this 
construction season to about how your is 
working . 

LSI : db  

cc : w .  M .  Lackey (Ref . #12 3 7 )  
J .  D .  Jones 

AND RESEARCH 



M11 .. 0 D. BRYANT 
SECRETARY 

ANO 

COMMONWEAL TH OF KENTUCKY 

TRANSPORTATION CABINET 
FRANKFORT. KENTUCKY 40622 

coMM1sS1om:1t oF H1GHwAvs August 3 1 ,  1 9 9 0  

Mr . s .  c .  Byers , P . E .  
As s i s tant Director - Operations 
State o f  Oklahoma Department o f  Transportation 
2 0 0  N .  E .  2 1 s t  Street 
Oklahoma C i ty ,  OK 7 3 1 05 - 3 2 04 

Dear Mr . Byers : 

WAU-.AC:IE G. WU .. .KIN.,.. 
GOVERNOR 

Thank you f or sharing your experiences with Okl ahoma ' s  Qual ity 
Ass urance program . We have been involved with QC-QA s ince 1 9 7 8 . 
Our f irst venture i nto QC-QA was requiring materials suppliers 
( aggregate and bituminous hot mix )  to furnish certi f i ed Bituminous 
and Aggregate Technicians . We started thi s  program by permitti ng 
the supp l iers to furnish Certif i ed Technic ians at the ir own 
d i scret ion for one c onstruction s eason . I n  1 9 7 9  this requirement 
was made mandatory f or bituminous hot-mix suppliers . During 
1 9 7 9 - 1 9 8 0  we a l s o  developed a pay adjustment schedule for 
bi tuminous hot-mix ( Extracted Gradation and As9halt Content ) . Thi s  
s chedu l e  was devel oped using historical data and FHWA guide l i ne s  
that were i n  e f fect at that time . However , we were uncomfortabl e  
a t  f irst with the s chedule bas ed o n  historical data and mod i f i ed i t  
t o  the l iberal s ide . 

Attached are copies o f  documents currently in e f  feet concerning 
QC -QA for Kentucky highway pro j ects . If you have any quest.ions 
concerning these documents please c ontact John H i nton or me at 
5 0 2 - 5 6 4 - 3 1 6 0 . 

LE : abp 
cc : John Hinton 

S incerely , 

<��o� 
DIVI S ION OF MATERIALS 
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'-.onr n D1stnct <_omm1ss1oner 

Wayne O. Burkes 
Central District Commissioner 

Ronnie Shows 
Southern District Commissioner 

1 v n n  tC • J. 0 1 1  

Director 

James D. Quin 
Chief Engineer 

Mississippi Slate Highway Department I P.O. Box 1850 I Jackson. Miss1ssipp1 39215-1850 1 FAX t60J , 359·2233 

Mr. S. C. B yers, P. E. 
Assist ant D irector-Operations 
State of O k l ahoma Department of Tr:llln��nc•rt:ni 
200 N. E. 2 1 st Street 
Oklahoma OK 13 1 05-3204 

Dear Mr. B yen: 

J une 6, 1 99 0  

I n  response t o  your letter of J une 26,  1 990, attached is  a copy of our Hot Plant M i x  
Specifica t i on, Special  Provision N o. 907-40 1 -49. 

We have not made any m aterial  v::111rialnil itv studies. We use t he c c:1m1puat 11on 
from the AMRL Reference to deter m i ne mater i a l  

I n  the past, w e  had a pay schedul e  very simi lar to the one i n  
changed to the enclosed w i th a schedule 
specification seems t o  have the pavements. 

Attachment 

cc: l ab F ile 

C ruse 
Assist ant 

J\:'  
�p -

Cr .:. ........ . 

885. We 
current 



ST A T E  O F  N E B R A S K A  
DEPARTMENT OF ROADS 

KAY A. O R R  
GOVERNOR 

S .  C .  Byers , Ass is tant Dire c tor-Operations 
Departmen t  o f  Transport a t i on 
200 N . E . 2 1 s t  Stre et 
Oklahoma C ity , OK 7 3 1 05- 3204 

Dear Mr . Byers : 

Re : Quali ty C on t rol - Qual i ty Assurance Program 

G. C. STROBEL 
D I RECTOR-ST.A.TE E7'/G l S E E R  

July 3 ,  1 990 

Enclosed are c opie s o f  our s tat is tically based spe c ifications as identified 
in our 1985 Standard Spe cifications . 

The s t andard deviation values used in deve loping of the c on trol charts are 
as follows : 

1 .  
2 .  
3 .  
4 .  
5 .  

Asphal t  Content 
3 /8 "  s ieve 
#4 & 111 0  sieve 
#50 s ieve 

#200 sieve 

- 0 . 1 5 
- 2 . 50 
- 2 . 07 
- 1 . 5 0  
- 0 . 90 

If I can be of further help , don ' t hes i t ate to contact me at ( 402 ) 479-4675 . 

Sincerely , 

J/�£'.� 
Laird E. We ishah.n 
Flex ible Pavement Engineer 

LEW/bt 

A£LE 'l'' 
'JUL l: 9 -.��m 

f'.55T. Di;'-i.!..:. ,. "'1'-

0P� T lONS 

PO IOX 9479 UNCOLN NE 61SOM79 PHONE (482) 471...t5'7, FAX (482) 47M325 
AN EQUAL OPPORTIJNITYtAfRRMATIVE ACTION EMPLOYER 
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T HOM AS M. DOWNS 
COMMI SSI O N E R  

S. C. Byers , P. E .  

&ta tr 
D E PARTM ENT OF TRANSPO RTATION 

1 0 3 5  P AA l< W ll. Y  AV E N U E  
C N  600 

T R E N T O N ,  N E W  J E R S E Y  08625 

BUREAU OF MATERIALS 

July 31 , 1990 · 

Assis tant Director - Operation 
Oklahoma Department of Transportation 
Oklahoma Ci ty , OK 73105-3204 

Dear Mr .  Byers: 

Pay Adjus tment 
Specifications 

Your letter to Mr. Olarles Edson , Assistant has been directed to this 
office for reply . I have enclosed a copy of our based , pay adjustment 
specifications for portland cement and asphalt concretes . Your concerns regarding 
inherent variability on the materials and the may be answered by Mr .  Richard 
Weed of our Research Bureau . Please contact Mr .  a t  (609) 292-7223 . 

Enclosure 

Fl.: fel 

c C. T. Edson 
M. B. Kje tsaa 
J. R. Smith 
R. Weed 

Fred Lovett 
Acting 
Bureau of •. ..,. 1.o;;.1. .1.•;u • ., 



NEIL GOLDSCHMIDT 
OOVEANOI' 

Department of Transportation 
HIGHWAY DIVISION 

Off i ce o f  Operati on s  378-6528 
2950 State Street , Sal em, Oregon 973 1 0  

J u l y  1 1 , 1 990 

S . C .  Byers , As s i stant Di rector-Operat i on s  
Okl a homa Dept . of Transportat i on 
200 NE 2 1 st Street 

· 

Okl ahoma C i ty ,  OK 73 105-3204 

RE : Qual i ty Control - Qual i ty Ass urance Program i n  Okl a homa 

Dear S i r :  

In Reply Refer tc 

FI LE : MAT 

Thank you for t he copy of your QC - QA Spec i a l  Prov i s i on for Asphalt 
Concrete Pavement .  Your i ncl u s i on of a i r  vo i ds ,  stab i l i ty and 
smoothness in the pay factors l ooks i nterest i ng .  

After s ome earl y exper i mentat i on we began us i ng stat i s t i cal  A . C .  
pavement s pec ifi cati ons i n  1 985 . A copy o f  our current Suppl emental 
Standard Speci fi cat i ons are encl osed . I n  general , Sect i on 402 i s  for 
projects up to S, 000 tons and Sect i on 403 for projects over 5 ,000 ton s . 
Al s o  encl osed i s  a copy of a 1982 study on the " Impact of Var i a t i on i n  
Materi al Propert i es o n  Asphal t Pavement l i fe " . 

We bel i eve the un i formi ty of our A . C .  pavements has i mp roved due to the 
s t at i st i ca l  s pec i fi cat i on .  However,  because of changed in mix des i gn s ,  
sampli ng and testi ng methods and contractor operat i ons t h e  actual  
i mp rovement i s  d i ffi cul t to mea sure . The contractors put forth a l arge 
amount of effort t o  ach i eve bonu s  payment and the stat i st i cal  
spec i fi cat i on s  have resul ted in  an average compo s i te pay factor of 1 . 02 .  
W e  h ope the encl osed i nformati on i s  o f  a s s i stance t o  you and w i s h  you 
good l uck in the proces s  o f  f i ne tuni ng your spec i f i cat i on s . 

K nnet E .  Hus�
'.
�r 

Offi ce of Operat i on s  

RMS : mb 
M07 l l l. KH 

Enc l o s ures 

c c : Don Forbes 
Bil l Anhorn 

m-1• ... AN EQUAL OPPORTUNITY EMPLOYER 
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O FF I C E  O F  

SECRETARY O F  TRANSPORTATION 

s .  c .  Byers , P . E .  

COMMONWEAL T H  O F  P E N N SYLVA N I A  

D EPARTM E N T  O F  TRA N SPORTATI O N  

H A R R IS B U R G .  P E N NSYLVA N IA 1 7 1 20 

July 2 6 , 1 9 9 0  

Ass i s tant Director-Operations 
Oklahoma Department of Transportation 
2 0 0  N .  E .  2 1s t  Street 

· 

Oklahoma OK 7 3 1 0 5 - 3 2 0 4  

- , ' j 
!. - .,; ;  ... J 1 

AUG 0 1  ':S90 
D i  RECTO� 

OPERAT_lO�� 

Re : Statis tically Based Restrictive Per formance 
Specif ications in 

Dear Mr . Bye r s : 

We are forwarding the fol lowing information with reference 
to s tatistically based Res trictive Per formance 
Specifications ( RPS } that are by the 
Pennsylvania Department of 

Pennsylvania initiated the use of RPS in the 1 9 8 0 ' s . 
A proto-type specification was created for bituminous 
concrete paving, for both binder ( bas e ) and 
( surface ) courses for the 1 9 8 0  construction season . This 
specification has modified numerous times s ince then . 
During the mid 1 9 8 0 ' s ,  the Department instituted RPS 
specifications for Portland cement concrete 
A proto-type RPS specification for Portland 
s tructures was tried and withdrawn in order 
specification could be modified . In have 
an RPS specification for construction 
aggregates .  This aggregate undergone 
several revisions s ince it was 

Attached you will f ind copies of the current 
for bituminous paving , Portland cement 

and the aggregate We have also 
enclosed a copy of the res earch which preceded the initial 
bituminous paving specification . This research report 
contains material variability studies .. 

During the initiation phase for all of the RPS 
specifications we experienced difficulties with the 
" newne s s "  of the specifications and s ome problems with the 
specifications themselves .. As the became 
familiar to Department personnel contractor and material 

staffs ,  we noted that overall of these 
materials has improved . In fact the payment f or 



s .  C .  Byers ,  P . E . 
Oklahoma Department of Transportation 
July 2 6 , 1 9 9 0  
Page 2 

bituminous concrete , statewide , have been at or under the 
level that theoretical statistics would indicate due to the 
nature of the material . 

I trust that this information will assist you and the 
Oklahoma Department of Transportation as you continue to 
implement statistically based Restrictive Performance 
Specif ications . Please f eel f ree to contact Robert Mil ler 
at ( 717 ) 787-56 10 or Charles Kline at ( 717 ) 787-4720 , or write 
to them at the above address . 

Enclosures 

�::/.'' �{� William R .  Moyer ,  P . E .  
Chief Engineer 
Highway Administration 
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STATE OF TENNESSEE 
DEPARTMENT OF TRANSPORTATION 

NASHVILLE, TENNESSEE 37243-0326 

Mr .  S .  c .  Byers , P . E .  
As s is tant Director o f  
Oklahoma Department 

JULY 1 0 , 1 9 9 0  

2 0 0  N . E .  21st Street 
Oklahoma C ity ,  OK 7 3 1 0 5 - 3 2 04 

RE :  Control - Quality As surance Proqram 

Dear Mr .  Byers : 

Attached are 
currently beinq 
Tennes see . 

Provisicms 
selected 

that are 
State o f  

The Department has used several different " End Result " 
on s elected 

qenerally with 
over the pas t  

I f  I can be any further ass istance , advise . 

Allan s .  Ellis 
Assistant Director of Construction 

ASE : jww 

c c : Mr .  Lewis Evans 



RAY D. PETHTEL. 
COMMISSIONER 

COMMONWEALTH of VIRGINIA 
DEPARTMENT OF TRANSPORTATION 

1 401 EAST BROAD STREET 
RICHMOND. 2321 9  

J u l y 1 3 , 1 9 9 0  

Mr . s .  C .  Byer s , P .  E .  
As s i stant Di rector -Oper a t i on s 
O k l ahoma Department of Tra n sportat i on 
200 N .  E .  21 st . Street 
O k l a homa C i ty ,  OK 731 05-3204 
Dea r  Mr . Byer s :  

Re : Qual i ty Control -Qu a l i ty Assurance Program 

JACK HODGE 
CHIEF ENGINEER 

The Vi rg i n i a Department of Tran s porta t i o n  h a s  been ut i l i z i ng stati st i ca l  ba s e  
Q u a l i ty a s s ur a nce spec i fi cat i ons s i nce 1 968  for acceptance of a s pha l t concrete . I� 1 976 a task group wa s formed to devel o p  our current Q. A .  Program . V i rg i ni a ' s  Q .  If. 
Program i s  one where the producer performs a ll the s ampli ng and testi ng for 
acceptance , a n d  the Department performs moni tor chec k s  to ver i fy the accuracy of tht 
producer ' s  resul t s . 

The Q .  A .  Program was offered to a l l producer s on a vol unteer ba s i s i n  1 978 i n  
the R i chmond D i str i ct wh i ch i s  one of our e i ght ( now n i ne )  construct i on d i str i ct s . 
The mater i a l s c overed under the program are a spha l t concrete mi xes ,  aggregate base , 
s ubbase . and sel ect mater i a l  type I .  Al l centr a l -mi xed aggregate producers and mos t  
of the � s pha l t producers e l ected to part i c i pate i n  t h e  p i l ot Q.  A .  Program. 

The Q .  A.  Program wa s offered to a l  1 producer s throughout the State on a 
v o l unteer bas i s  i n  1 980 , however , parti c i pati on i n  the program i ncreased at a 
d i sappoi nti ng pace . 

Effect i ve wi th projects a dvert i sed i n  December 1 983 , the Department beMfl 
requ i r i n g  a l l a spha l t  concrete and centra l -mi xed aggregate to be furni shed u nder the 
Qua l i ty Assurance Speci f i cat i on s . 

We are p l eased w i th t he program becau se of the foll owing advantage s : { 1 ) 
Improved product , ( 2 )  Reduced vari  a b i  1 i ty , ( 3 )  Better know1 edge of product a n d  
proce s s  a ffecti ng s ame o n  t he part of t h e  producer , ( 4 )  E l i mi nates fragmented 
respon s i b i l i ty for qual i ty control and acceptance , ( 5 )  El i mi nates redundant tes t i ng , 
a nd ( 6 )  It reduces Department personne l . 
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M r . S .  C .  Bye r s , P . E .  
Ju 1 y 13 , 1 99 0 
P a g e  2 

We do n o t  know t h e  a c t u a l  n umbe r o f t h e  D e p a r tm e n t  ma n - ho u r s  t h e  p rog ram h a s  
s a v e d  o r  t he e x t r a  c o s t  c h a r g e d  by t h e  p ro d u c e r  fo r t h e  m a t e r i a l s pu rc h a s e d  b y t h e  
De p a r tme n t  u nd e r  t h e  Q .  A .  Pro g ram .  T h e  p ro g ram d i d  e l i m i n a te o n e  De p a r tme n t  
i n s p e c t o r  a t  e a c h  a c t i v e  p l a n t .  

Attached i s  a copy o f  o u r  Spec i a l  Prov i s i o n s  f o r  A s p h a l t  C o n c re t e , Ma te i a l s  
Memo ra n d um , a nd V i rg i n i a  Tes t  Met h o d  s e t t i ng f o r t h  o u r  requ i r emen t s , po l i c i e s , a n d  
p roced u re s  f o r  t h e  Q .  A .  P r og ram . 

I f  fu r th e r  i nfonna t i o n  i s  .de s i red , p l e a s e  c a l l  Mr . W i l l i am E. W i nfrey ,  o u r  
State Mat er i a l s E ng i nee r ,  a t  ( 804 ) 7 3 7 - 7 7 3 1 . 

S i n c e re l y ,  

E n c l os u re 



Washington State 
Department of Transportation 
Transoortation Bu.ioing KF-01 
O·v'T101a Washington 98504-5201 
1206) 753·6005 

Mr . s .  c .  Byers 
Ass istant Director-Operations 
Department of Transportation 
2 0 0  N .  E .  2 1st Street 
Oklahoma C ity , OK 7 3 1 0 5 - 3 2 04 

July 1 6 , 1 9 9 0  

RE :  Qual ity Control -Qual ity Assurance Programs 

Dear Mr . Byers : 

Duane Berentson 
Se:'e:ar . :;· �ra""S:Jc .. :a>C'"' 

Enclosed , per your request , is a copy of our qual ity assurance 
speci fication for Asphalt Concrete Pavement . This speci f ication 
was initially used in 1 9 8 8  on a trial bas is on 5 proj ects . Its 
succes s  l ed to the implementation of thi s  speci f icat ion as a 
General Spec ial Provision pending incorporation into our 19 9 1  
standard Specif ications book . The enclosure is a draft of the 
standard specif ication change . 

Also encl osed is a copy o f  the draft Model Qual ity Assurance 
Spec i f i cation which has been developed over the past year by a 
WASHTO Task Force set up as a regional poo l ed fund study . 
Washington i s  the lead state for this pooled fund which includes 
the states of Arizona , Colorado , South Dakota , Montana , Nevada 
New Mexico , and Wyoming . Copies of this draft were sent in early 
June to both the Constructi on and Materials Engineer i n  each of 
the WASHTO states with a request for comments . The task force 
expects to have a f inal draft ready for WASHTO Executive 
Committee review by the end of September .  It is not entirely 
c l ear at thi s  point when and how thi s  model specif icat ion wil l  be 
d istributed . 

I n  reading your l etter and l ooking at your speci fication , it is 
apparent that our approach is s omewhat different from yours with 
regard to the general phil osophy of setting targets . our 
approach is to specify to the contractor the end product and then 
put in a tolerance band which allows for testing variabil ity . 
Materials variabil ity is a problem that the contractor must solve 
with his own in-house qual ity assurance program . 
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/ 

Mr . s .  c .  Byers 
July 1 2 , 1 9 9 0  
Page 2 

Our QA spec i fi ca t i on was devel oped in c l os e  coopera t i on w i th the 
Asphalt Pavi ng Associat ion o f  O n  the 5 t r i a l  
proj ects mentioned prev i ous l y , payments were make for 
compacti on o n  a l l  5 p roj ects a nd i ncentive payments for asph a l t  
content a n d  gradation on 4 o f t h e  5 .  We have noted increased 
c ontractor concern with qual ity a nd c orrect ive action 
whe n  a i s  d i s covered . Our resu l ts i nd i ca t e  that we 
a re qu a l ity , more c ons i stent p avements . We 

results in l onger pavements and that 
value of thi s  l onger l i fe will more than compensate for the 
i ncent ive payments paid to the c ontractor . 

I f  you have any quest ions or 
my tel ephone numbe r  i s  ( 2 06 )  

JRSkWa 

Enclosure 

genera l 



WEST VIRGINIA DEPARTMENT OF HIGHWAYS 

GASTON CAPERTON 
GOVERNOR 

Mr .  s .  c. Byers , P . E .  

State Capitol Complex 
Building Five 

Charleston, West Virginia 25305 

July Jo , 1990 

Assistant Director-operat ions 
Oklahoma Department of Transportat ion 
200 N . E .  21st S t reet 
Oklahoma City , Oklahoma 73105-3204 

Dear Mr. Byers : 

Your Le t ter Dated June 26 , 1 9 9 0  

FRED VANKIRK 
ACTING COMMISSIONER 

STAT£ HIGHWAY ENGINEER 

The West Virginia Department of Transportat ion has had for quite some 
t ime now what we refer to as a quality assurance system of material 
acceptance as a part of its spec if icat ions . 

Quality assurance seems to have many defin i t ions , but we define it . in 
so many words , as a method of acceptance based on criteria developed to 
evaluate ill input - with the two main subsets being qua l i ty cont rol 
( process control ) and acceptance t est ing. Included in this quality 
assurance system are pay adjustment provisions . 

Briefly , and in this regard , in the middle to late 6 0 ' s  we ( the WVDOT) 
co-sponsored with the u.s. Depar tment of Transport a t ion ,  the ( then ) Bureau 
of Public Roads • a Highway Planning and Research Project ( HPRP-18 ) .  The 
projects primary purpose was to develop stat istical parameters related to 
various aspects of qua l i ty control of highway materials and construction. 
This was accompl ished by evaluating large numbers of test results on 
unbiased samples from controlled construc t ion .  Tolerance l imits necessary 
to result in a satisfactory fin ished product were then defined . 

We realized that material and processes were variable ( some more than 
others ) and for a specification to be realist ic lt must a l low for these 
variat ions - not only the inherent variations , but those caused by sampling 
and test ing as we l l .  

Th e  advantages of this type of research over using •historical •  records 
is the controlled assemblage of dat a .  I n  other words the actual extent of 
:random variation as it rea l ly exists is not a lways available from past 
•project •  data . Bspecially when you consider what sampling techniques may 
have been used , or the arbitrary discarding of sample data , e tc .  
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Anyway , most of the to lerance l imits we now use were d e rived f rom 
HPRP- 18 . We know what tolerances are necessary to make a sat is fac t o ry 
product ( al l  other var iables cons idered ) and we know what does not : a t  
l east t o  t he e x t ent o f  becoming subst andard . I n  t he lat t e r  case , t he 
Department takes the approp r i a t e  act ion to compens a t e  for i t s  increased 
r isk and t o  provide the contractor w i th some incent ive to make the item 
conform to the accep t ab l e  tolerance l im it s .  The logic here is , there can 
be nonconformances that are minor that would not be expected to a f fect the 
per formance o f  an i t em to the extent that would j us t i fy its removal f rom 
the roadway . The approp r ia t e  act ion . of course , is the p rice reduct ion . 

The actual p r ice reduct ion is based on , for aggregates as an examp l e . 
what we c a l l  the degree of nonconformance . These l im i t s  ( degree o f  
nonconformance l im i t s ) a r e  set at values that w e  f e e l  are equitable 
cons ider ing the weight o f  the exist ing nonconfonnance . This wil l become 
c lear when you review the a t t achment s . 

I have inc luded with this l e t t e r  several of the large cons truct ion i t em 
speci f icat ions a long with some of the appl icab le Mat e r ials Procedures 
( MP ' s ) . The MP ' s  are used to g ive guidance to the specif ic a t ion requi re

ments . 

In summary , our spec i f ic a t ion l imits are based on parameters developed 
from con t ro l led research . The act ua l  adj us tment s  over these limits are 
based on what we feel to be and the t hat 
deficiencies of ce r t a in parame ters weigh more heavi ly o f  
an i t em then d o  defic ienc ies of another .  

I f  you have any quest ions concern1n9 ou r  reply and/or the a t t achments , 
p lease l e t  us know. 

At tachmen ts 
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