411-9QA (a-aq) 99
4-18-08

OKLAHOMA Department OF TRANSPORTATION
SPECIAL PROVISIONS
FOR
QUALITY CONTROL AND ACCEPTANCE PROCEDURES FOR
ASPHALT CONCRETE PAVEMENTS (PWL)
IM Y -0040-4(391)090, JP NO. 20257(04), CADDO COUNTY

These Special Provisions revise, amend, and where in conflict, supersede applicable sections of the 1999
Standard Specifications for Highway Construction, English and Metric. Units of measurement are provided
in the subsectionsin both English and Metric equivalents. The units for this project shall be those specified
in the project plans. These Special Provisions apply to all types of Asphalt Concrete Pavement.

(add the following:)
411.01 DESCRIPTION.
Contractors Quality Control and Acceptance Procedures will apply to all asphalt as herein specified.

411.04 CONSTRUCTION METHODS.

(m) Contractor’s Quality Control Testing and Inspection. The Contractor shall provide quality
control personnel as necessary to assure the production of quality products as specified. Such
personnel shall include one or more Quality Control Technicians who either individually or
collectively are fully qualified in the production, placement and testing of plant mix asphalt concrete.
Sampling and/or testing of construction materials for either control or acceptance purposes shall be
accomplished by persons certified in the appropriate area(s) by the OklahomaHighway Construction
M aterials Technician Certification Board.

The Contractor shall be responsible for the formulation of all mix designs. The mix design

shall be prepared by an approved asphalt mix design laboratory of the Contractor’s choice. All mix

designs and changes to the mix designs shall be submitted to the M aterials Engineer for review. The

Contractor shall perform or have performed all field sampling and testing necessary to ensure that

materials and products are within the specified acceptable range. Control charts displaying results

of these tests shall be maintained by the Contractor and displayed at the plant site. Copies of the

Contractor’s quality control tests shall be provided to the Engineer within 24 hours or at time

intervals acceptable to the Engineer. Certification by the manufacturers may be used in lieu of field

tests when such tests in the field are impracticable. Asphalt cement and additives are examples of
materials in this category.

1. Contractor’s Process Control. The Contractor shall be responsible for the process control of
all materials during handling, blending, mixing and placing operations to produce an acceptable
asphalt concrete.

At no time will the Engineer issue instructions to the Contractor or producer asto the setting
of dials, gauges, scales and meters. However, he/she may advise the Contractor against the
continuance of any operations or sequence of operations which will result in non-compliance
with Specification requirements.

2. Contractor’'s Testing. For the three characteristics subject to pay adjustments in this Special
Provision, the Contractor’ s sampling and testing shall, as a minimum, comply with the schedule
in paragraph (n)(12) “Contractor’s Testing and Engineer’ s A cceptance Procedures’. Additional
sampling and testing to ensure compliance with Standard Specifications and other Special
Provision requirements shall be in accordance with the Contractor’s Quality Control Plan.

3. Contractor’'sLaboratory. The Contractor shall provide an approved laboratory at alocation no
more than 50 road miles from the production site. The laboratory shall be subject to approval
of the Engineer.

4. Contractor’s Quality Control Plan. Prior to initiation of work, the Contractor shall prepare a
plan to ensure that acceptable quality can and will be obtained. The plan, which is to be
submitted to the Engineer at least one week prior to the prework conference, shall comply with
Special Provision 643-6QA and cover all of the items discussed in Section 411 and 708 of the
Standard Specifications. However, the Contractor must tailor the plan to meet specific needs of
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the project. Once accepted by the Engineer, the plan becomes a part of the Contract and shall

be enforced accordingly. Subsequent changes to the plan may be required by the Engineer in

order to adjust to changes in the process or to correct problems in meeting Specification
requirements.

Identifying Testing Precision and Bias. For each test characteristic of each contract item for

which control charting is required, the following initialization procedure shall be performed:

5.1 Initial testing shall be performed to identify any testing biases between the Contractor’ s and
the Department’s testing equipment and procedures. This testing will be referred to as
“initialization” testing and will include the plant startup testing as well as the first lot for
each contract item for which control charting is required. In all instances, technician
certification and equipment identification numbers shall be recorded with each test result to
assist in troubleshooting potential testing discrepancies.

5.2 The frequency of testing for initialization lots shall be double the normally-specified testing
frequency. As such, each initialization lot shall be broken down into ten (10) equal sublots
with the sampling within each sublot to be performed at a random location or time interval
in accordance with ASTM D 3665 or other acceptable means for ensuring random sampling
of the materials. Optionally, the Engineer and Contractor can agree to use the 10 test results
from the first two lots for initialization comparisons.

5.3 During the initialization testing, for each sublot, the Contractor shall obtain fresh asphalt
concrete samples in accordance with AASHTO T 168 under direct observation by the
Engineer (for subsequent air voids, asphalt cement content, and gradation testing). The
samples shall be split into four (4) equal partsaccordingto AASHTO T 328. The Contractor
and the Department shall each perform the following tests (all from the same “ split” sample
of asphalt concrete): one (1) air voids test and one (1) asphalt cement content test.

5.4 During the initialization testing, for each sublot, the Contractor shall obtain a roadway
density core from three (3) randomly-selected locations. At each location, one (1) core shall
be obtained and tested by each lab. Each of the three (3) locations shall be considered as one
test for density. Furthermore, if nuclear methods for determining roadway density are to be
used on the project, take the readings over each coring location and correlate each gauge in
accordance with OHD L-14. Each core shall be uniquely identified to enable direct
comparisons with each lab and, if applicable, with the nuclear density measurements.

5.5 During initialization testing, the Contractor and the Engineer may divulge their respective
test results before the conclusion of all sampling and associated testing for a given lot and
quality characteristic if concerned about the acceptability of the material.

5.6 At the conclusion of the sampling and associated testing for a given initialization lot and
quality characteristic, a statistical “paired-t test” will be performed by the Engineer (in
accordance Appendix A, Use of Contractor’s Test Results for Acceptance Purposes, Part 1
) on each characteristic using the pairs of initialization test data. The data should include at
least ten (10) pairs each for air voids and asphalt cement content, and thirty (30) pairs for
roadway density. The Engineer may, at his discretion, exclude from this and subsequent
analyses any initialization test data that are clearly due to explainable special-cause variation
provided the cause of said variation has been corrected so as to be unlikely to reoccur.

5.7 For those characteristics showing a statistically and practically significant bias between the
Contractor’s and the Department’ s test methods, the following shall govern:

5.7.1 TheDepartment'stest results shall be relied upon for acceptance and pay adjustment
until such time as the source of the bias has been identified and eliminated and the
lack of bias subsequently validated in accordance with Appendix A, Part 1, or as
provided in Subsection 5.7.2 below.

5.7.2  TheContractor may request evaluation of the testing bias via side-by-side three-way
testing with an independent-assurance laboratory. In this instance, the following
shall govern:

5.7.2.1 The Department will select the independent-assurance laboratory, which may
be the Department's own independent-assurance laboratory or a third-party
laboratory of the Department's choosing.

5.7.2.2 The steps outlined in Subsection 5.2. through 5.5. shall be performed utilizing
three-way split samples, with the Contractor, Department, and
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independent-assurance laboratory each performing tests on the split-sample

specimens.

At theconclusion of the three-way split-sample testing, three statistical "paired-t

tests" will be performed by the Engineer (in accordance with Appendix A, Part

1, using the three pairs of evaluation test data (e.g. Contractor's versus

Department's, Contractor's versus independent-assurance laboratory's, and

Department's versus independent-assurance laboratory's test results).

If either of the following conditions are identified as a result of a three way

split-sample testing and analysis, Subsection 5.7.2.6 shall govern, otherwise

subsection 5.7.2.5 shall govern :

(i) There is a statistically- and practically-significant bias between the
Contractor's test methods and the independent-assurance laboratory’s test
methods, or

(ii) thetest methods employed by the Contractor during three way split-sample
testing are not representative of the test methods to be employed by the
Contractor during the normal execution of the project.

The Contractor shall not be held responsible for any additional costs incurred

by the Department in conjunction with the three-way split-sample testing. The

Contractor's test results shall be relied upon for acceptance and pay adjustment

subject to the provisions of Subsection 5.8.

The Contractor shall reimburse the Department for all additional costsincurred

by the Department as a result of the three-way split-sample testing. The

Department's test results shall be relied upon for acceptance and pay adjustment

in accordance with Subsection 5.7.1.1.

5.8 After the testing precision and bias verification analysis has been performed during the
initialization process, ongoing process verification will be performed using the F-test and
t-test. This procedure involves two statistical tests, where the null hypothesis for each test
is that the Contractor’s test results and the Department’s test results are from the same

population.

The F-test provides a method for comparing the variances of the two data sets.

The t-test provides a method for comparing the means of the two data sets. A significance

level of 0.01 shall be used in both tests.

5.8.1 Contractor sampling and testing shall follow the guidelines set forth in section
(n)(12). The Department shall obtain and test a minimum of one sample per lot,
randomly selected and independent of the Contractor’s sampling and testing.

5.8.2 For thefirst two lots after initialization only, the test results shall be analyzed using
acomparison with the D2S limits. The D2S limitsrepresent the difference between
two individual test results that has approximately a five percent chance of being
exceeded if the tests are from the same population.

5821

5.8.2.2

The absolute difference between the means of the Contractor and Department
test results for that lot is compared to the D2S limits. If the absolute test
difference is less than or equal to the limit, the two tests are assumed to have
come from the same population. The Contractor’s results will continue to be
used for acceptance.

If the test difference exceeds the limit, the two tests are assumed to have come
from different populations and the Department will test the remaining half
of the Contractor’s split samples for acceptance until the reason for the
differenceisresolved.

5.8.3 Beginning with the third lot after initialization, the F-test and t-test analyses shall
be performed as outlined in Appendix A, Part 2.

5.8.3.1

For thefirst 5 lots, all of the test results from each lot are used in both the F-test
and t-test analysis. Afterward, only the results from the current lot plus the
previous four lots are used for a total of five lots. In the F-test, the mean and
variance are computed for the Contractor and Department test results each. The
F statistic is then calculated by dividing the greater variance by the lesser
variance. F_; isthen determined using the degrees of freedom from each data
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set and compared to the F statistic. If the calculated F statistic is less than or
equal to F_,, the two data sets are assumed to have come from the same
population. If the calculated F statistic is greater than F,,, the two data sets are
assumed to have come from different populations.

5.8.3.2 In the t-test, the Contractor and Department variances are used to calculate the
pooled variance, sz_ Thet statistic can then be calculated using the means and
the pooled variance. tg, isthen determined using the degrees of freedom from
each data set and compared to the calculated t statistic. If the calculated t
statistic is less than or equal to t_,, the two data sets are assumed to have come
from the same population. If the calculated t statistic is greater than t_,,, the two
data sets are assumed to have come from different populations.

5.8.3.3 If both the F-test and t-test conclude that the data sets likely came from the same
population, the Contractor’s test results continue to be used for acceptance. If
one or both the F-test and t-test conclude that the data sets likely came from
different populations, the Department’ sresults will be used for acceptance until
the source of the bias has been determined and corrected according to
subsection 5.7.

6. Control Charts for Quality Control. The Contractor shall maintain and keep current control
charts covering, asa minimum, the characteristics of air voids, asphalt cement content, gradation
(for each sieve), and roadway density. In all instances, technician and equipment identification
numbers shall be recorded with each test to assist in troubleshooting potential testing
discrepancies.

6.1 The control charts shall be “individuals” or “individuals and moving range’ (I& MR) type
control charts or as otherwise approved by the Engineer.

6.2 The charts shall identify the project number; the mix design number; the characteristic being
measured; the date, time, lot number, sublot number, technician certification number and
equipment identification number for each measurement; the applicable upper and lower
control limits (but NOT the specification limits); the Contractor's test results; and any other
data needed to facilitate control of the process and identify out-of-control conditions for the
processin atimely manner.

6.3 The centerline, standard deviation, and upper and lower control limits for each control chart
shall initially be calculated based on the initialization test results for each characteristic and
contract item.

6.4 An “out of control” condition is defined as the condition resulting from any one of the
following eight (8) “alarm” conditions occurring on a single control chart:

6.4.1 Any one point is more than 3 standard deviations from the centerline.

6.4.2 Nine pointsin arow are on the same side of the centerline.

6.4.3 Six pointsin arow are all increasing or all decreasing.

6.4.4 Fourteen pointsin arow are alternating up and down.

6.4.5 Two out of three pointsare more than 2 standard deviations from the centerline (and
on the same side of the centerline).

6.4.6  Four out of five points are more than 1 standard deviation from the centerline (and
on the same side of the centerline).

6.4.7 Fifteen pointsin arow are all within 1 standard deviation of the centerline.

6.4.8 Eight pointsin arow are all more than 1 standard deviation from the centerline (on
either side of the centerline).

6.5 Whenever an out-of-control condition corresponding to alarm criteria6.4.1, 2, 3, 5, 6 or 8
is observed for any of the control charts, the Contractor shall provide written notification to
the Engineer concerning said out-of-control condition within 18 hours of the time the alarm-
generating test was performed. In addition, the Contractor shall provide written notification
to the Engineer (within 36 hours of the time the alarm-generating test was performed)
concerning the investigative and/or corrective actions taken or to be taken. Failure to
provide written notification to the Engineer within the time periods specified shall
result in an automatic one-half-percent reduction in the composite pay factor for the
affected lot for each failureto comply with the specified notification procedures. After
the probable-causeinvestigation for the out-of-control condition has been completed, written

crit
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notification shall be provided to the Engineer stating the probable cause and corrective
actions taken or to be taken to reduce the likelihood of reoccurrence (or, stating that the
probable cause could not be determined, if such is the case). The Engineer may, at his
discretion, exclude from pay-adjustment calculations any out-of-control test data for which
the special-cause variation has been adequately identified and explained, provided the cause
of said variation has been corrected so as to be unlikely to reoccur. (NOTE: Not all out-of-
control conditionswill require corrective action. For example, achangein roadway densities
due to a change in rolling pattern may not require corrective action if the densities being
obtained remain safely within the specified limits. However, all out-of-control conditions
shall be investigated for probable cause, regardless of the proximity of the measured values
to the specification limits.)

6.6 In the event a significant change to the process occurs or is observed (e.g. change in raw
material sources, change in mix proportions, steady drift in roadway densities, etc.), the
control limits (including centerline and standard deviation) for the affected characteristics
shall be recalculated using the available test data that best represent the new process. Any
such changes to control limits must be approved in writing by the Engineer.

(n) Acceptance. While the Contractor shall be fully and exclusively responsible for producing an
acceptable product, acceptance responsibility rests with the Engineer. The entire lot of asphalt as
defined in paragraph (n) (12) “Lot and Sublot Selection” will be accepted or rejected and paid for on
the basis of acceptance test results.

1. General. The following characteristics will be considered when determining the acceptability
and pay factors for Plant Mix A sphalt Concrete Pavement. However, all of the requirements of
the Standard Specifications on materials and workmanship except those superseded by Special
Provisionsin this Contract, shall remain in effect.

(@) Asphalt Cement Content
(b) Air Voids
(c) Roadway Density

Several methods are available to test for the above characteristics. While only one method will

be used, several tests may be made to measure each characteristic. Applicable pay factors will

be considered individually in determining payment. Pay factors for asphalt cement content, air
voids, and roadway density will apply to all asphalt concrete placed.

2. Criteriafor Lot Acceptance and Payment. Except for surface smoothness, conformance with the
specifications will be judged on the basis of the following criteria:

2.1 The estimated Percent-within-Limits (PWL) with respect to asphalt cement content, air
voids, and roadway density. The PWL with respect to a particular quality characteristic is
the amount of materials and construction which falls within the specified limits listed in the
following tables (where “JMF" refers to the corresponding values from the Job Mix
Formula):

Quality Characteristic L ower Specification Upper Specification

Limit (LSL) Limit (USL)
Asphalt Cement Content IJMF-0.4% JMF + 0.4%
Air Voids (lab molded) JMF' - 1.35 % JMF' + 1.35 %
Roadway Density 91.5% 97%

Quality Characteristic

Lower Target

Upper Target

Limit (LTL) Limit (UTL)
Asphalt Cement Content JMF -0.16 % JMF + 0.16 %
Air Voids (lab molded) JMF' - 0.75 % JMF + 0.75 %
Roadway Density 93% 96%

1) Note: IMF=(100 - mid-point of density range shown on the mix design) e.g. IMF for NM S

mixtures, 100-96=4.

3. Acceptable and Rejectable Quality Levels. A lot shall be considered of acceptable quality with
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respect to a particular characteristic if the PWL is no less than 90 percent. A lot shall be
considered of rejectable quality with respect to a particular characteristic if the PWL islessthan
50 percent. Lots exceeding the Acceptable Quality Level shall be subject to positive pay
adjustments as defined in Subsection (n)(5). Lots exceeding the Rejectable Quality Level but
falling below the A cceptable Quality L evel shall be subject to negative pay adjustments adefined
in Subsection (n)(5). If alot fails to exceed the Rejectable Quality Level in one or more
characteristics, the engineer may require its removal and replacement at the Contractor’'s
expense. If thisoption is not exercised, the Contractor may elect to remove and replace the lot
(at hisexpense) or leaveit in place, subject to a pay factor (for that quality characteristic) of zero.
3.1.1.1 The Contractor shall perform the necessary quality-control sampling and testing to
ensure that acceptable quality level requirements are consistently met.

4. Determination of Percent-within-Limits (PWL). The PWL with respect to each of the
characteristics of asphalt content, air voids, and roadway density, will be determined as follows:

4.1 Compute the sample mean (X) and the sample standard deviation (S’ ) of the n test results
(Xy):
- ¥, X
n e

4.2 If X falls outside the target limits (LTL and UTL) and inside the specification limits (L SL
and USL), compute the target-adjusted standard deviation (S") as follows:

§r= ’JS.I: g (XI:E-.’[ - Xj:

4.2.1.1 where X = the nearest target limit (LTL OR UTL)

target
4.3 If X fallsinsidethetarget limits (LTL and UTL) or outside the specification limits (L SL and
USL), compute the target-adjusted standard deviation (S') as follows:

Sn’n’ - Sn’

4.4 Using the target-adjusted standard deviation (S"), compute the upper quality index (Q,) and
the lower quality index (Q,) corresponding to the upper and lower specification limits listed
in Subsection (n) (2):

[IsL~ X el s

S” QL S”

4.5 Using the Percent Defective tables (for sample size n=5 or the appropriate table for other
values of n), determine the percentage of materials and construction falling outside the
specification limits PD, and PD, associated with Q, and Q,, respectively. Add these two
values to obtain the lot percent defective (PD):

rr —

PD= PD, + PD,
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4.6 Determinethe percentage of materialsand construction falling within the specification limits
PWL as follows:

PWL = 100-PD

5. Pay Factors for Lot Quality Characteristics. Except for pavement smoothness, the pay factor (PF)
for each quality characteristic will be determined as follows:
5.1 If PWL is greater than or equal to 50 percent, compute the pay factor using the equation:

PF = 0.024(PWL) - 0.0001(PWL)" - 035

5.2 If PWL is less than 50 percent, the Engineer may require removal and replacement of the
defective lot at the Contractor’ s expense. If this option is not exercised, the Contractor may elect
to remove and replace the ot (at his expense) or leaveit in place subject to a pay factor (for that
quality characteristic) of PF = 0.

6. Pay Adjustment for Lots. Once alot has been defined, itsidentity will be maintained throughout the
mixing and placement process. When the lot is completed, the individual pay factors for asphalt
content, air voids, and roadway density will be used to calculate a composite pay factor (CPF) and
a pay adjustment (PA) for the subject lot as follows:

5PF + + 2 PF
CPF= e SJ;F B

where:
PF, = Pay factor for asphalt content,
PF, = Pay factor for air voids, and
PF, = Pay factor for roadway density.

The pay adjustment for the completed lot will be determined in accordance with the following
formula:

P‘QL:: = (CPF— ])(C[’rpj(Qf_c:)

where:
PA . = Pay adjustment for the lot,
CPF Composite pay factor,
CUP Contract unit price ($/Ton ($/Metric Ton)), and
QLo = Quantity of asphalt concrete in the lot (Tons (Metric Tons))

7. Smoothness Acceptance and Pay Adjustment. For smoothness determination and pay adjustment
purposes, the pavement surface will be tested on an extent-to-extent basisin accordance with Special
Provisions430-2QA. Acceptance and pay adjustment determinations made under Special Provisions
430-2QA will be completely independent of those made under this Special Provision.

8. Pay Adjustments Not Covered in Special Provisions 411-9QA or 430-2QA. Adjustmentsin pay, for
deviations from specified standards for characteristics other than those described in these Special
Provisions (if any) will be made in accordance with General Provision 105.03.

9. Total Pay Adjustment for Entire Project. The total adjustment in pay for the entire project isthe sum
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of: (1) the pay adjustments for individual lots per Subsection (n)(6); plus (2) the pay adjustments for
smoothness per Special Provision 430-2QA; plus (3) other pay adjustments, if appropriate, per
Subsection (n)(8).

Extreme Values (Outliers). Test results apparently inconsistent with the results of the majority of
tests will also be closely examined by the Engineer in order to determine their validity. The
examination will cover the procedures used in sampling and testing and, if necessary, amathematical
analysis performed in accordance with ASTM E 178 (upper 2.5% significance level). Test results
thus determined by the Engineer to be an outlier may be discarded. The Engineer will determine
whether the outlier is representative of the material being evaluated. The remaining test results will
then be supplemented, if necessary.

Lot and Sublot Selection. The asphalt concrete will be randomly sampled and tested for all control
test characteristicson alot to lot basisin accordance with the following requirements. However, any
load of mixture which is visually unacceptable for reasons of being excessively segregated or
aggregate improperly coated will be rejected for use in the work. Excessively high or low
temperature will be cause for rejection. Furthermore, sections of completed pavement which form
visual observation or known deficiencies that appear to be seriously inadequate will be tested. The
results of such tests will not be used for pay adjustment purposes but will be used to determine
whether the section is totally unacceptable and must be removed. In the event that it is determined
to be unacceptable, its removal and replacement shall be at no additional cost to the Department. A
standard size lot at the asphalt plant shall consist of five (5) equal sublots of 1,000 tons (metric tons)
each. Subject to prior notification, the Contractor may reduce the lot size to 3,750 tons (metric tons)
or increase it to 6,250 tons (metric tons). Any partial lot (one with less than 3,750, 5,000, 6,250 tons
(metric tons)) shall be treated as a separate lot when four (4) or more sublots exist. When a lot
contains three (3) or less sublots, it shall be combined with the previous lot. On multiple project
contracts, the lots of the asphalt will carry over from project to project within that contract. All
acceptance testing shall be performed at a random location or time interval within each sublot in
accordance with ASTM D 3665 or other acceptable means for ensuring random sampling of the
materials.

Contractor’s Testing and Engineer’s Acceptance Procedures. Once a lot has been defined, its
identity will be maintained throughout the mixing and placement process. Pay factors, determined
from random sampling and testing the lot at appropriate locations will be used in computing its pay
adjustment.

The Contractor is required as a minimum to comply with the following schedule for sampling
and testing. Depending upon the available time and his confidence in the Contractor’s Process
Control, the Engineer may elect to perform more or less sampling and testing.

Asphalt Cement Content and Gradation - one (1) specimen randomly selected per sublot.

Air voids (except NM S mixes) - one (1) test per sublot randomly selected. Three (3) specimens
shall be averaged and considered as one (1) test.

Air voids (NM S mixes) - one (1) test per sublot randomly selected. Two (2) specimens shall be
averaged and considered as one (1) test.

Roadway Density - three (3) specimens per sublot randomly selected and considered as three
(3) tests.

Plant Startup Requirements. Prior to beginning production of asphalt for the mainline the
Contractor shall provide a quality control system. The system shall include the fully equipped
laboratory and the full complement of quality control personnel that are to perform the quality control
functions of the remainder of the project.

Plant startup production shall be limited to that necessary to calibrate the plant and the testing
equipment and procedures using the mix design approved for mainline construction. The asphalt
concrete thus produced shall be sampled and tested by both the Contractor and the Engineer for
VMA, gradation and all of the characteristics except roadway density. The Contractor’ stest results
shall then be reconciled with those from the Engineer.
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No asphalt concrete from the startup operation shall be placed on the mainline or the control
strip. Instead, adjustments shall continue to be made until all of the requirements are met. Asphalt
concrete from the plant startup operation may be utilized and paid for in the construction of
temporary facilities or if no temporary facilities are available they shall become the property of the
Contractor and will not be paid for. Costs associated with startup operations will not be measured
separately for payment but will be included in the payment for Contractor’ s Quality Control.

Control Strip Requirements. After fulfilling the plant startup requirements, one or more control
strips shall be constructed on the detour (if available), shoulder (if detour not available) or mainline
(if neither detour nor shoulder is available) for the purpose of verifying the required production mix
characteristics and establishing rolling patterns to obtain target requirements. The initial placement
of asphalt shall be limited to approximately 500 tons (metric tons) plus or minus 100 tons (metric
tons). This material shall then be sampled and tested by the Contractor and the Engineer for VMA,
gradation and all of the characteristics. No additional asphalt shall be placed until all theresultsare
evaluated and necessary adjustments in production and placement procedures are made. No pay
adjustments will be made for deviations from target on the approximately 500 tons (metric tons)
placement. However no asphalt in this or any subsequent control strips, which is determined by
Special Provision 411-11 to be unacceptable shall be allowed to remain in the mainline or the
shoulder. Such unacceptable asphalt shall be removed and replaced by the Contractor at no
additional expense to the Department.

After necessary adjustments are made, the above process shall be repeated for the next
approximately 500 tons (metric tons) of asphalt placed. Pay adjustments for deviations from target
on this second placement will be made at the rate of one half of those specified. If required,
additional control strips shall be made until an acceptable product (i.e., within the 1.00 pay factor
range ) is produced. Pay adjustments for deviations from target on all asphalt after the second
placement will be made at the rate specified in Subsection 411.04(n)(9). Control stripswill be paid
for at the contract unit price (as adjusted) for the appropriate type of asphalt concrete.
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Per cent Defective Table - Sample Size N=4

0.02
49.33
46.00
42.67
39.33
36.00
32.67
29.33
26.00
22.67
19.33
16.00
12.67

9.33

6.00

2.67

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03
49.00
45.67
42.33
39.00
35.67
32.33
29.00
25.67
22.33
19.00
15.67
12.33

9.00

5.67

2.33

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.67
45.33
42.00
38.67
35.33
32.00
28.67
25.33
22.00
18.67
15.33
12.00

8.67

5.33

2.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.33
45.00
41.67
38.33
35.00
31.67
28.33
25.00
21.67
18.33
15.00
11.67

8.33

5.00

1.67

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06
48.00
44.67
41.33
38.00
34.67
31.33
28.00
24.67
21.33
18.00
14.67
11.33

8.00

4.67

1.33

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.07
47.67
44.33
41.00
37.67
34.33
31.00
27.67
24.33
21.00
17.67
14.33
11.00

7.67

4.33

1.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

411-9QA(j) 99

0.08
47.33
44.00
40.67
37.33
34.00
30.67
27.33
24.00
20.67
17.33
14.00
10.67

7.33

4.00

0.67

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

4-18-08

0.09
47.00
43.67
40.33
37.00
33.67
30.33
27.00
23.67
20.33
17.00
13.67
10.33

7.00

3.67

0.33

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



Q
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.00
50.00
46.44
42.90
39.37
35.88
32.44
29.05
25.74
22.51
19.38
16.36
13.48
10.76

8.21

5.88

3.80

2.03

0.66

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
49.64
46.09
42.54
39.02
35.54
32.10
28.72
2541
22.19
19.07
16.07
13.20
10.50

7.97

5.66

3.61

1.87

0.55

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Per cent Defective Table - Sample Size N=5

0.02
49.29
45.73
42.19
38.67
35.19
31.76
28.39
25.09
21.87
18.77
15.78
12.93
10.23

7.73

5.44

3.42

1.72

0.45

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03
48.93
45.38
41.84
38.32
34.85
31.42
28.05
24.76
21.56
18.46
15.48
12.65

9.97

7.49

5.23

3.23

1.57

0.36

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.58
45.02
41.48
37.97
34.50
31.08
27.72
24.44
21.24
18.16
15.19
12.37

9.72

7.25

5.02

3.05

1.42

0.27

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.22
44.67
41.13
37.62
34.16
30.74
27.39
24.11
20.93
17.86
14.91
12.10

9.46

7.02

4.81

2.87

1.28

0.19

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06
47.87
44.31
40.78
37.28
33.81
30.40
27.06
23.79
20.62
17.55
14.62
11.83

9.21

6.79

4.60

2.69

1.15

0.12

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.07
4751
43.96
40.43
36.93
33.47
30.06
26.73
23.47
20.31
17.25
14.33
11.56

8.96

6.56

4.39

2.52

1.02

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

411-9QA (k) 99

0.08
47.15
43.60
40.08
36.58
33.12
29.73
26.40
23.15
20.00
16.96
14.05
11.29
8.71
6.33
4.19
2.35
0.89
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4-18-08

0.09
46.80
43.25
39.72
36.23
32.78
29.39
26.07
22.83
19.69
16.66
13.76
11.02

8.46

6.10

3.99

2.19

0.77

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



Q
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.00
50.00
46.33
42.68
39.06
35.49
32.00
28.59
25.29
22.11
19.07
16.20
13.50
10.99

8.69

6.63

4.81

3.25

1.98

1.01

0.35

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
49.63
45.96
42.31
38.70
35.14
31.65
28.25
24.96
21.80
18.78
15.92
13.24
10.75

8.48

6.43

4.64

3.11

1.87

0.93

0.30

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Per cent Defective Table - Sample Size N=6

0.02
49.27
45.60
41.95
38.34
34.79
31.31
27.92
24.64
21.49
18.49
15.64
12.98
10.51

8.26

6.24

4.47

2.97

1.76

0.85

0.26

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03
48.90
45.23
41.59
37.98
34.43
30.96
27.59
24.32
21.18
18.19
15.37
12.72
10.28

8.05

6.05

4.31

2.84

1.66

0.78

0.22

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.53
44.86
41.22
37.62
34.08
30.62
27.26
24.00
20.88
17.90
15.09
12.47
10.04

7.84

5.87

4.15

2.71

1.55

0.71

0.18

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.16
44.50
40.86
37.27
33.73
30.28
26.92
23.68
20.57
17.61
14.82
12.22

9.81

7.63

5.68

4.00

2.58

1.45

0.64

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06
47.80
44.13
40.50
36.91
33.38
29.94
26.60
23.37
20.27
17.33
14.55
11.97

9.58

7.42

5.50

3.84

2.45

1.36

0.57

0.12

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.07
47.43
43.77
40.14
36.55
33.04
29.60
26.27
23.05
19.97
17.04
14.29
11.72

9.36

7.22

5.33

3.69

2.33

1.27

0.51

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

411-9QA(1) 99

0.08
47.06
43.40
39.78
36.20
32.69
29.26
25.94
22.74
19.67
16.76
14.02
11.47

9.13

7.02

5.15

3.54

2.21

1.18

0.46

0.07

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

4-18-08

0.09
46.70
43.04
39.42
35.84
32.34
28.93
25.61
22.42
19.37
16.48
13.76
11.23

8.91

6.82

4.98

3.40

2.09

1.09

0.40

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



Q
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.00
50.00
46.26
42.54
38.87
35.26
31.74
28.32
25.03
21.88
18.90
16.10
13.49
11.10

8.93

6.98

5.28

3.83

2.62

1.65

0.93

0.43

0.14

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
49.63
45.89
42.17
38.50
34.90
31.39
27.98
24.71
21.58
18.61
15.83
13.25
10.87

8.72

6.80

5.13

3.69

251

1.57

0.87

0.39

0.12

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Per cent Defective Table - Sample Size N=7"

0.02
49.25
45,51
41.80
38.14
34.55
31.04
27.65
24.39
21.27
18.33
15.56
13.00
10.65

8.52

6.62

4.97

3.57

241

1.49

0.81

0.36

0.10

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03
48.88
45.14
41.44
37.78
34.19
30.70
27.32
24.07
20.97
18.04
15.30
12.75
10.42

8.32

6.45

4.82

3.44

2.30

1.41

0.76

0.32

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.50
44.77
41.07
37.42
33.84
30.36
26.99
23.75
20.67
17.76
15.03
12.51
10.20

8.12

6.27

4.67

3.31

2.20

1.34

0.70

0.29

0.07

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.13
44.40
40.70
37.06
33.49
30.01
26.66
23.44
20.37
17.48
14.77
12.27

9.98

7.92

6.10

4.52

3.19

211

1.26

0.65

0.26

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06
47.76
44.03
40.33
36.69
33.13
29.67
26.33
23.12
20.07
17.20
14.51
12.03

9.77

7.73

5.93

4.38

3.07

2.01

1.19

0.60

0.23

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.07
47.38
43.65
39.97
36.33
32.78
29.33
26.00
22.81
19.78
16.92
14.26
11.79

9.55

7.54

5.77

4.24

2.95

1.92

1.12

0.56

0.21

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

411-9QA (m) 99

0.08
47.01
43.28
39.60
35.98
32.43
28.99
25.68
22.50
19.48
16.65
14.00
11.56

9.34

7.35

5.60

4.10

2.84

1.83

1.06

0.51

0.18

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

4-18-08

0.09
46.63
42.91
39.23
35.62
32.08
28.66
25.35
22.19
19.19
16.37
13.75
11.33

9.13

7.17

5.44

3.96

2.73

1.74

0.99

0.47

0.16

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



Q
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.00
50.00
46.22
42.46
38.75
35.11
31.57
28.15
24.86
21.74
18.79
16.04
13.49
11.17

9.06

7.19

5.56

4.16

2.99

2.04
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0.76

0.39

0.16

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
49.62
45.84
42.08
38.38
34.75
31.22
27.81
24.54
21.44
18.51
15.78
13.25
10.94

8.87

7.02

5.41

4.03

2.89

1.96

1.24

0.72

0.36

0.14

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

Per cent Defective Table - Sample Size N=8

0.02
49.24
45.46
41.71
38.01
34.39
30.87
27.48
24.23
21.14
18.23
15.51
13.01
10.73

8.67

6.85

5.26

3.91

2.79

1.88

1.18

0.67

0.33

0.13

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.03
48.86
45.08
41.34
37.65
34.04
30.53
27.15
23.91
20.84
17.95
15.25
12.77
10.51

8.48

6.68

5.12

3.79

2.69

1.80

1.12

0.63

0.30

0.11

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.49
44.71
40.97
37.28
33.68
30.18
26.82
23.59
20.54
17.67
15.00
12.54
10.30

8.29

6.51

4.97

3.67

2.59

1.72

1.07

0.59

0.28

0.10

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.11
44.33
40.59
36.92
33.33
29.84
26.49
23.28
20.24
17.39
14.74
12.30
10.09

8.10

6.35

4.83

3.55

2.49

1.65

1.01

0.55

0.26

0.09

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.06
47.73
43.96
40.22
36.55
32.97
29.50
26.16
22.97
19.95
17.12
14.49
12.07

9.88

7.91

6.19

4.69

3.43

2.40

1.58

0.96

0.52

0.23

0.08

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.07
47.35
43.58
39.85
36.19
32.62
29.16
25.83
22.66
19.66
16.85
14.24
11.84

9.67

7.73

6.03

4.56

3.32

2.31

1.51

0.91

0.48

0.21

0.07

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

411-9QA (n) 99

0.08
46.97
43.21
39.48
35.83
32.27
28.82
25.51
22.35
19.37
16.57
13.99
11.61

9.47

7.55

5.87

4.42

3.21

2.22

1.44

0.86

0.45

0.19

0.06

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4-18-08

0.09
46.59
42.83
39.11
35.47
31.92
28.48
25.19
22.04
19.08
16.31
13.74
11.39

9.26

7.37

5.71

4.29

3.10

2.13

1.37

0.81

0.42

0.17

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00



Q
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.00
50.00
46.18
42.40
38.66
35.00
31.45
28.03
24.75
21.64
18.72
16.00
13.49
11.21

9.16

7.33

5.74

4.38

3.24

2.30

1.56

1.00

0.59

0.31

0.14

0.05

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
49.62
45.80
42.02
38.29
34.64
31.10
27.69
24.43
21.34
18.44
15.74
13.26
11.00

8.96

7.17

5.60

4.26

3.14

2.22

1.50

0.95

0.55

0.29

0.13

0.04

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

Per cent Defective Table - Sample Size N=9

0.02
49.24
45.42
41.64
37.92
34.29
30.76
27.36
24.11
21.04
18.16
15.48
13.02
10.78

8.77

7.00

5.45

4.14

3.03

2.14

1.44

0.90

0.52

0.27

0.11

0.04

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.03
48.85
45.04
41.27
37.55
33.93
30.41
27.03
23.80
20.75
17.88
15.23
12.79
10.57

8.59

6.83

5.31

4.02

2.94

2.06

1.37

0.86

0.49

0.25

0.10

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.47
44.66
40.89
37.19
33.57
30.07
26.70
23.49
20.45
17.61
14.97
12.55
10.36

8.40

6.67

5.17

3.90

2.84

1.98

1.32

0.82

0.46

0.23

0.09

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.09
44.29
40.52
36.82
33.21
29.72
26.37
23.17
20.16
17.33
14.72
12.32
10.15

8.22

6.51

5.03

3.78

2.75
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1.26

0.77

0.43

0.21

0.08

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.06
47.71
43.91
40.15
36.46
32.86
29.38
26.04
22.86
19.87
17.06
14.47
12.10

9.95

8.04

6.35

4.90

3.67

2.65

1.84

1.20

0.73

0.41

0.20

0.08

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.07
47.33
43.53
39.77
36.09
32.51
29.04
25.72
22.56
19.58
16.79
14.22
11.87

9.75

7.86

6.20

4.77

3.56

2.56

1.76

1.15

0.70

0.38

0.18

0.07

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

411-9QA (0) 99

0.08
46.95
43.15
39.40
35.73
32.15
28.70
25.39
22.25
19.29
16.53
13.98
11.65

9.55

7.68

6.04

4.64

3.45

2.47

1.70

1.10

0.66

0.36

0.17

0.06

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4-18-08

0.09
46.57
42.77
39.03
35.37
31.80
28.36
25.07
21.94
19.00
16.26
13.73
11.43

9.35

7.51

5.89

4.51

3.34

2.39

1.63

1.05

0.62

0.33

0.15

0.05

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00



Q
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.00
50.00
46.16
42.35
38.60
34.93
31.37
27.94
24.67
2157
18.67
15.97
13.50
11.24

9.22

7.44

5.87

4.54

3.41

2.49

1.75

1.17

0.74

0.44

0.23

0.11

0.04

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
49.62
45.78
41.97
38.23
34.57
31.02
27.60
24.35
21.27
18.39
15.72
13.26
11.03

9.03

7.27

5.73

4.41

3.31

2.40

1.68
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0.71

0.41

0.22

0.10

0.04

0.01

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

Percent Defective Table - Sample Size N=10"

0.02
49.23
45.40
41.60
37.86
34.21
30.67
27.27
24.03
20.98
18.11
15.46
13.03
10.82

8.85

7.10

5.59

4.30

3.21

2.32

1.62

1.07

0.67

0.39

0.20

0.09

0.03

0.01

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.03
48.85
45.01
41.22
37.49
33.85
30.32
26.94
23.72
20.68
17.84
15.21
12.80
10.61

8.66

6.94

5.45

4.18

3.11

2.25

1.56

1.03

0.64

0.37

0.19

0.08

0.03

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.46
44.63
40.84
37.12
33.49
29.98
26.61
23.41
20.39
17.56
14.96
12.57
10.41

8.48

6.78

5.31

4.06

3.02

2.17

1.50

0.98

0.61

0.34

0.18

0.08

0.03

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.08
44.25
40.47
36.75
33.13
29.64
26.28
23.10
20.10
17.29
14.71
12.34
10.21

8.30

6.63

5.18

3.95

2.93

2.09

1.44

0.94

0.58

0.32

0.16

0.07

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.06
47.70
43.87
40.09
36.38
32.78
29.29
25.96
22.79
19.81
17.03
14.46
12.12
10.00

8.12

6.47

5.05

3.84

2.83

2.02

1.38

0.90

0.55

0.30

0.15

0.06

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.07
47.31
43.49
39.72
36.02
32.42
28.95
25.63
22.48
19.52
16.76
14.22
11.90

9.81

7.95

6.32

4.92

3.73

2.74

1.95

1.33

0.86

0.52

0.29

0.14

0.06

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

411-9QA (p) 99

0.08
46.93
43.11
39.34
35.65
32.07
28.61
25.31
22.18
19.23
16.49
13.97
11.68

9.61

1.77

6.17

4.79

3.62

2.66

1.88

1.27

0.82

0.49

0.27

0.13

0.05

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4-18-08

0.09
46.54
42.73
38.97
35.29
31.72
28.28
24.99
21.87
18.95
16.23
13.73
11.46

9.42

7.60

6.02

4.66

3.52

2.57
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1.22

0.78

0.46

0.25

0.12

0.05

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00



Q
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

0.00
50.00
46.16
42.35
38.60
34.93
31.37
27.94
24.67
2157
18.67
15.97
13.50
11.24

9.22

7.44

5.87

4.54

3.41

2.49

1.75

1.17

0.74

0.44

0.23

0.11

0.04

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
49.62
45.78
41.97
38.23
34.57
31.02
27.60
24.35
21.27
18.39
15.72
13.26
11.03

9.03

7.27

5.73

4.41

3.31

2.40

1.68

112

0.71

0.41

0.22

0.10

0.04

0.01

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

Percent Defective Table - Sample Size N=10"

0.02
49.23
45.40
41.60
37.86
34.21
30.67
27.27
24.03
20.98
18.11
15.46
13.03
10.82

8.85

7.10

5.59

4.30

3.21

2.32

1.62

1.07

0.67

0.39

0.20

0.09

0.03

0.01

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.03
48.85
45.01
41.22
37.49
33.85
30.32
26.94
23.72
20.68
17.84
15.21
12.80
10.61

8.66

6.94

5.45

4.18

3.11

2.25

1.56

1.03

0.64

0.37

0.19

0.08

0.03

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04
48.46
44.63
40.84
37.12
33.49
29.98
26.61
23.41
20.39
17.56
14.96
12.57
10.41

8.48

6.78

5.31

4.06

3.02

2.17

1.50

0.98

0.61

0.34

0.18

0.08

0.03

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05
48.08
44.25
40.47
36.75
33.13
29.64
26.28
23.10
20.10
17.29
14.71
12.34
10.21

8.30

6.63

5.18

3.95

2.93

2.09

1.44

0.94

0.58

0.32

0.16

0.07

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.06
47.70
43.87
40.09
36.38
32.78
29.29
25.96
22.79
19.81
17.03
14.46
12.12
10.00

8.12

6.47

5.05

3.84

2.83

2.02

1.38

0.90

0.55

0.30

0.15

0.06

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.07
47.31
43.49
39.72
36.02
32.42
28.95
25.63
22.48
19.52
16.76
14.22
11.90

9.81

7.95

6.32

4.92

3.73

2.74

1.95

1.33

0.86

0.52

0.29

0.14

0.06

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

411-9QA(q) 99

0.08
46.93
43.11
39.34
35.65
32.07
28.61
25.31
22.18
19.23
16.49
13.97
11.68

9.61

1.77

6.17

4.79

3.62

2.66

1.88

1.27

0.82

0.49

0.27

0.13

0.05

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4-18-08

0.09
46.54
42.73
38.97
35.29
31.72
28.28
24.99
21.87
18.95
16.23
13.73
11.46

9.42

7.60

6.02

4.66

3.52

2.57

181

1.22

0.78

0.46

0.25

0.12

0.05

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00



Q
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5

0.00
50.00
46.05
42.15
38.31
34.58
30.98
27.55
24.31
21.27
18.46
15.88
13.53
11.42
9.55
7.90
6.46
5.23
4.18
3.30
2.57
1.98
1.50
1.12
0.82
0.59
0.42
0.29
0.20
0.13
0.09
0.05
0.03
0.02
0.01
0.01
0.00

0.01
49.60
45.66
41.76
37.93
34.21
30.63
27.22
23.99
20.98
18.19
15.63
13.31
11.22
9.37
7.74
6.33
5.12
4.09
3.22
2.51
1.93
1.46
1.09
0.80
0.57
0.41
0.28
0.19
0.13
0.08
0.05
0.03
0.02
0.01
0.01
0.00

Percent Defective Table - Sample Size N=30"

0.02
49.21
45.27
41.37
37.55
33.85
30.28
26.89
23.68
20.69
17.92
15.39
13.09
11.03
9.20
7.59
6.20
5.01
3.99
3.15
2.45
1.87
1.42
1.05
0.77
0.56
0.39
0.27
0.18
0.12
0.08
0.05
0.03
0.02
0.01
0.01
0.00

0.03
48.81
44.88
40.99
37.18
33.48
29.93
26.56
23.37
20.40
17.66
15.15
12.87
10.84
9.03
7.44
6.07
4.90
3.90
3.07
2.38
1.82
1.38
1.02
0.75
0.54
0.38
0.26
0.18
0.12
0.08
0.05
0.03
0.02
0.01
0.01
0.00

0.04
48.42
44.48
40.60
36.80
33.12
29.59
26.23
23.07
20.12
17.40
14.91
12.66
10.64
8.86
7.30
5.95
4.79
3.81
2.99
2.32
1.77
1.34
0.99
0.72
0.52
0.37
0.25
0.17
0.11
0.07
0.05
0.03
0.02
0.01
0.01
0.00

0.05
48.02
44.09
40.22
36.43
32.76
29.24
25.90
22.76
19.84
17.14
14.67
12.45
10.46
8.69
7.15
5.82
4.68
3.72
2.92
2.26
1.73
1.30
0.96
0.70
0.50
0.35
0.24
0.16
0.11
0.07
0.04
0.03
0.02
0.01
0.00
0.00

0.06
47.63
43.70
39.83
36.05
32.40
28.90
25.58
22.46
19.56
16.88
14.44
12.24
10.27
8.53
7.01
5.70
4.58
3.63
2.85
2.20
1.68
1.26
0.93
0.68
0.48
0.34
0.23
0.16
0.10
0.07
0.04
0.02
0.01
0.01
0.00
0.00

0.07
47.24
43.31
39.45
35.68
32.04
28.56
25.26
22.16
19.28
16.63
14.21
12.03
10.09
8.37
6.87
5.58
4.48
3.55
2.78
2.14
1.63
1.22
0.90
0.66
0.47
0.33
0.22
0.15
0.10
0.06
0.04
0.02
0.01
0.01
0.00
0.00

411-9QA(r) 99

0.08
46.84
42.92
39.07
35.31
31.69
28.22
24.94
21.86
19.00
16.37
13.98
11.82
9.90
8.21
6.73
5.46
4.38
3.47
2.71
2.09
1.59
1.19
0.88
0.63
0.45
0.32
0.22
0.14
0.09
0.06
0.04
0.02
0.01
0.01
0.00
0.00

4-18-08

0.09
46.45
42.53
38.69
34.94
31.33
27.89
24.62
21.57
18.73
16.12
13.75
11.62
9.72
8.05
6.60
5.34
4.28
3.38
2.64
2.03
1.54
1.15
0.85
0.61
0.44
0.30
0.21
0.14
0.09
0.06
0.04
0.02
0.01
0.01
0.00
0.00

Values in the body of this table are estimates of the lot percent defective corresponding to
For values of Q greater than or equal to zero, the

specific values of Q, the quality Index.
estimate of percent defective is read directly from the table.
values read from the table must be subtracted from 100.

For negative values of Q, the
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Use of Contractor’s Test Results for Acceptance Purposes

Part 1: Guidelines for Initial Validation of Contractor’'s Test
Methods

In order to utilize the Contractor’ smaterial test resultsfor acceptance and payment, the Department
must ensure that the Contractor’ s results compare favorably with the Department’ s test results for
the same material and same quality characteristic. The following procedure can be used to
determine theinitial validity of the Contractor’ s test methods:

1.

3.

A “paired test” (asreferred to herein) will be any time two (2) separate tests are conducted by
the Department and the Contractor (one test each) where the material tested has been collected
asatrue split sample or was sampled at the same time, from the same lot, sublot and batch, and
from the same proximity within the batch. For asphalt air voids, asphalt cement content, and
gradationtesting, “ paired” testsarethosetests performed on split samplesor samplestaken from
the same batch and from the same proximity within the batch. For roadway density and
thickness measurements from cores, “paired” tests are those measurements performed on the
exact same cores. For concrete unit weight, slump, and air content, “paired” tests are those
conducted on samplestaken from the same batch and from the same proximity within the batch.
For concrete, thecompressivestrength “ paired” test will generally be the average strength of two
or three specimens each (by the Department and the Contractor). The specimens are cast from
concrete sampled from the same batch and from the same proximity within the batch.

For each quality characteristic for which the Contractor’ s test methods are to be validated, the
Department will conduct a minimum of ten (10) initial paired tests with the Contractor.

The Engineer may, at his discretion, exclude from this and subsequent analyses any paired test
datathat clearly exhibit explainable special-cause variation provided the cause of said variation
has been identified and corrected so as to be unlikely to reoccur.

For each quality characteristic, calculate the paired-t test statistic ( t,), the average of the paired
differences (X,) and the standard deviation of the paired differences (S, asfollows:

T ¥ (g = &) v (X, )

Equation (1) Equation (2) Equation (3)

Pagesof ag
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where:
t, = Paired-t test statistic. This value will be compared to a critical t-value (t,;) to be
obtained from Table 1.
n, = Thenumber of paired tests conducted. Each “paired test” consists of two individual tests
(one by the Contractor and one by the Department) performed on a single split sample.
X, = The average of the differences between the paired tests.
= Thestandard deviation of the differences between the paired tests. The correct order for
computing S, is to calculate all the differences between the paired tests, then take the
standard deviation of those differences.
X. = The Contractor’'sindividual test result for a given split sample.
X4y = TheDepartment'sindividual test result for agiven split sample.
n-1 = The number of degrees of freedom for use with Table 1.

Obtain the critical t-valuet

crit?

from Table 1, using n,-1 as the number of degrees of freedom.

Compare the calculated paired-t statistic (t,) to the corresponding critical value from Table 1 (t.;,).

If t,is less than t.;, the Contractor’s test methods for that quality characteristic are without significant
bias. The Contractor’s test methods for that quality characteristic can be considered valid at the present
time. Proceed to Step 12.

If t, is greater than or equal to t, there exists a statistically-significant bias (= X,) between the
Contractor’s and the Department’ s test methods.

Compare the Contractor’s testing bias (X,) to the relevant Allowable Testing Bias (ATB) from the
following table:

PCC Quality Characteristic Allowable Testing Bias (ATB) Units
Gradation:
Sieve # 200 (Coarse) + 0.40 %-passing
Sieve # 200 (Fine) +0.30 %-passing
Unit Weight +0.80 pcf
Slump +0.30 inch
Air Content +0.30 % (by volume)
Compressive Strength + 100 psi
AC Quality Characteristic Allowable Testing Bias (ATB) Units
Gradation:*
Sieves #4 and larger + 1.50 %-passing
Sieves #10 through #80 +1.00 %-passing
Sieve # 200 + 0.50 %-passing
Asphalt Cement Content +0.15 % (by weight)
Air Voids (LM S) + 0.50 % (by volume)
Roadway Density + 0.50 % max. theor.

If the magnitude of X, is less than the magnitude of the corresponding ATB, the Contractor’s bias
for that quality characteristic, though statistically-significant, is not practically significant. The
Contractor’ s test methods for that quality characteristic can be considered valid at the present time.
Proceed to Step 12.

! ATB’s for gradations are for information and control charts only.



11.

12.

Appendix A 411-9QA(u) 99
4-18-08

If the magnitude of X, is greater than or equal to the magnitude of the corresponding ATB, the
Contractor’s bias for that quality characteristic is practically significant and unacceptable. The
Contractor’ stest results for that quality characteristic will not be used for acceptance unless and until
the Contractor’ s test methods are validated as follows:

(1) The respective test equipment used during the paired testing (both the Contractor’s and the
Department’ s) shall be inspected and tested for calibration by a qualified independent calibration
specialist.

(2) A calibration test certificate shall be prepared by the calibration specialist identifying the pre-
calibration errors at various measurement levels such that the paired test data are fully bracketed
by the pre-calibration error estimates.

(3) The paired test resultswill then be adjusted by the Engineer so as to effectively nullify the errors
identified on each calibration test certificate.

(4) Return to Step 4, using the adjusted paired test datain lieu of the original paired test data.

Once the Contractor’'s test methods for a given quality characteristic have been validated, the
Engineer will provide ongoing validation of the Contractor’s test method in accordance with the
Guidelines for Ongoing Validation of Contractor’s Test Methods.
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Table 1l - Critical Valuesfor the Paired-t Test Statistic (based on a = 0.01)

Degr ees of Critical Degr ees of Critical Degr ees of Critical
Freedom t-value Freedom t-value Freedom t-value
(n, - 1) (t) (n, - 1) (t) (n, - 1) (ta:)
2 9.925 25 2.787 48 2.682
3 5.841 26 2.779 49 2.680
4 4.604 27 2.771 50 2.678
5 4.032 28 2.763 60 2.660
6 3.707 29 2.756 70 2.648
7 3.499 30 2.750 80 2.639
8 3.355 31 2.744 90 2.632
9 3.250 32 2.738 100 2.626
10 3.169 33 2.733 110 2.621
11 3.106 34 2.728 120 2.617
12 3.055 35 2.724 130 2.614
13 3.012 36 2.719 140 2.611
14 2.977 37 2.715 150 2.609
15 2.947 38 2.712 160 2.607
16 2.921 39 2.708 170 2.605
17 2.898 40 2.704 180 2.603
18 2.878 41 2.701 190 2.602
19 2.861 42 2.698 200 2.601
20 2.845 43 2.695 300 2.592
21 2.831 44 2.692 400 2.588
22 2.819 45 2.690 500 2.586
23 2.807 46 2.687 1000 2.581
24 2.797 47 2.685 10000 2.576
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Use of Contractor’s Test Results for Acceptance Purposes

Part 2: Guidelines for Ongoing Validation
of Contractor’'s Test Methods

After the Department has initially validated the Contractor’s test method for a particular quality
characteristic as outlined in the Guiddlines for Initial Validation of Contractor’s Test Methods,
ongoing process verification will be performed using the F-test and t-test. This procedure involves
two statistical tests, where the null hypothesis for each test is that the Contractor’ s test results and
the agency’ stest results are from the same population. The F-test provides amethod for comparing
the variances of thetwo datasets. Thet-test provides amethod for comparing the means of the two
datasets. A significance level of 0.01 shall be used in both tests. The stepsfor performing the F-
test and t-test are as follows:

1. Contractor sampling and testing shall follow the guidelines set forth in section (n)(12). The
Contractor shall obtain and split samples. Half the split sample shall betested by the Contractor
and theother half stored for potential Department testing. The Department shall obtain and split
a minimum of one sample per lot, randomly selected and independent of the Contractor’s
sampling and testing. One fourth of the split sample shall be tested by the Department, one
fourth stored for potential Contractor testing, and one half stored for potential independent
verification.

2. For each of thefirst two |lots after initialization, compare the sampl e results from the Contractor
and Department. If thefollowingistrue, thetwo tests are assumed to have come from the same
population and the Contractor’ s results will continue to be used for acceptance.

.:Y "-ha jY_\ﬂ: g Dz S
where:
fs = Average of the Contractor’ s test results,

= Department’ s average test result, and
D2S = Acceptablerangefor 2 tests.

If the following or opposite to that above istrue instead, the two tests are assumed to have
come from different populations and the Department’s results will then be used for
acceptance until the source of the bias has been determined and corrected according to
subsection 5.7.

X. - X

> D2§
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Appendix A
Quality Characteristic D2S Limits
Asphalt Cement Content 0.30%
Air Voids (Iab molded) 1.40%
Roadway Density 1.40%

3. Beginning with the third lot after initialization, the F-test and t-test analysis will be used for
process verification. By the third lot after initialization, there should be fifteen Contractor
results and three Department results. For thefirst five lots after initialization (including the two
used for the D2S comparison), al the test results from each lot are used in both the F-test and
t-test analysis. Afterward, only the results from the current lot plus the previous four lots are

used for atotal of fivelots.

4. Beginning with the sixth lot after initialization, determine the five lot cumulative mean and
variance of the Contractor’ s test results for each quality characteristic. Determine the five lot
cumulative mean and variance of the Department’ sindependently sampled test results for each

quality characteristic.

5. Cadculate the mean and variance of each test set:

5N x .
X == L
: n .
., Z ./T'.’L?:}'.' 2
Xa = e

N4

where
X, = Mean of the Contractor’ s results,
X, = Indwvidual Contractor test result,

1. = Number of Contractor test results,

Y X -
n, -1
E{*’?J_Xd)
i

n, -1 = Degrees of freedom of the Contractor’s tests,

57 = Variance of the Contractor’ s results,
X, = Mean of the Department’ s result,
X, = Indwidual Department test result,

n; = Number of Department test results

n;— 1 = Degrees of freedom of the Department’s tests. and

5; = Variance of the Department’ s results.
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Calculate the F-statistic using the larger of the variances in the numerator:

2 .,

5 S5

C or d

= 5 F >
Sa’ Sc

Determine the F,;, value from the F-distribution table using a 0.01 significance level (a) and
making sure to use the correct degrees of freedom for both the numerator and the denominator.

If F < Fg,, the data is assumed to have come from the same population and the Contractor’s
results will continue to be used for acceptance if the t-test results also indicate that the results
have also come from the same popul ation.

If F>F,,, thedataisassumed to have comefrom different populations and the Department will
test the remaining half of the Contractor’s split samples for acceptance until the reason for the
differenceisresolved.

Calculate the pooled variance using the Contractor’ s and Department’ s variances.

o s (m-D+s5(n,-1)
b
e

B a2

Pooled degrees of freedom, and

-
{

P
1

by
Il

Pooled variance.

LA
iz b
Il

Calculate the t-statistic:

Determine thet;, value from the t-distribution table for the pooled degrees of freedom (n, + n,
—2) using asignificance leve (a) of 0.01.

If t <t the data is assumed to have come from the same population and the Contractor’s
results will continue to be used for acceptance if the F-test results also indicate that the results
have also come from the same popul ation.
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If t >t the datais assumed to have comefrom different populations and the Department will
test the remaining half of the Contractor’s split samples for acceptance until the reason for the
differenceisresolved.
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for F-test using two-tailed distribution for a Level of Significance, a = 0.01

DEGREES OF FREEDOM FOR NUMERATOR

DE

2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 199 199 199 199 199 199 199 199 199 199 199 199 199 199
3 49.8 47.5 46.2 | 454 44.8 44 .4 44.1 43.9 43.7 43.5 43.4 43.3 43.2 |4 3.1
4 26.3 24.3 23.2 | 225 22.0 21.6 21.4 21.1 21.0 20.8 20.7 20.6 205 (2 0.4
5 18.3 16.5 156 | 14.9 14.5 14.2 14.0 13.8 13.6 13.5 13.4 13.3 132 |1 3.1
6 14. 5)112. 9 |12. 0| 115 11.1 10.8 10.6 [ 10. 4 10.2 10.1 [10. 0|9. 95|9. 88 9.81
7 12. 4110. 9 [10. 0| 9.52 9.16 8.89 8.68 | 8. 51 8.38 8.27 | 8. 18 |8. 10 (8. 03 7.97
8 11. 019. 60 8. 81| 8.30 7.95 7.69 750 (7. 34 7.21 7.10 (7. 01 |6. 94 (6. 87 6.81
9 10. 1|8. 72 |7. 96 | 7.47 7.13 6.88 6.69 [ 6. 54 6.42 6.31 (6. 23 |6. 15 (6. 09 6.03
10 9. 43 (8. 08 |7. 34| 6.87 6.54 6.30 6.12 [ 5. 97 5.85 57515. 66 |5. 59 5. 53 5.47
11 8. 91 (7. 60 |6. 88| 6.42 6.10 5.86 5.68 | 5. 54 5.42 532 |5. 24|5. 16 (5. 10 5.05
12 8. 51 (7. 23 ]6. 52| 6.07 5.76 5.52 535 ]5. 20 5.09 499 |4. 91 (4. 84 | 4. 77 4.72
13 8. 19 (6. 92 |6. 23| 5.79 5.48 5.25 5.08 | 4. 94 4.82 472 | 4. 64 (4. 57 | 4. 51 4.46
14 7. 92 |16. 68 (6. 00| 5.56 5.26 5.03 486 |4. 72 4.60 451 |14. 43 (4. 36 |4. 30 4.25
15 7. 70 | 6. 48 (5. 80| 5.37 5.07 4.85 4.67 | 4. 54 4.42 433 |4. 25 (4. 18 | 4. 12 4.07
16 7. 5116. 30 (5. 64| 5.21 491 4.69 452 | 4. 38 4.27 418 | 4. 10 (4. 03 |3. 97 3.92
17 7. 3516. 16 (5. 50| 5.07 4.78 4.56 439 | 4. 25 4.14 405]3. 97 (3. 90| 3. 84 3.79
18 7. 21|16. 03 (5. 37| 4.96 4.66 4.44 4.28 | 4. 14 4.03 394 3. 86 |3. 79 (3. 73 3.68
19 7. 09 |5. 92 (5. 27| 4.85 4.56 4.34 418 | 4. 04 3.93 384 |3. 76 | 3. 70 [ 3. 64 3.59
20 6. 99 |5. 82 (5. 17| 4.76 4.47 4.26 4.09 | 3. 96 3.85 3.76 | 3. 68 |3. 61 (3. 55 3.50
CREES OF FREEDOM FOR.DERIQMANMATOR4S.39 4.18 401 (3. 88 3.77 3.68 3. 60 |3. 54 (3. 48 3.43
22 6. 81 |5 655 02| 4.61 4.32 4.11 3.94 | 3. 81 3.70 3.61 3. 54 |3. 47 (3. 41 3.36
23 6. 73 |5. 58 (4. 95| 454 4.26 4.05 3.88 3. 75 3.64 355 (3. 47 |3. 41 (3. 35 3.30
24 6. 66 |5. 52 (4. 89| 4.49 4.20 3.99 3.83 3. 69 3.59 3.50(3. 42 |3. 35(3. 30 3.25
25 6. 60 |5 46 (4. 84| 4.43 4.15 3.94 3.78 | 3. 64 3.54 345 13. 37 |3. 30 (3. 25 3.20
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for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

DEGREES OF FREEDOM FOR NUMERATOR

DE

2 3 2 5 6 7 8 9 10 11 12 13 14 15
26 | 654 | 541 | 479 | 438 | 410 | 3.89 | 3.73 | 3.60 | 349 | 340 | 333 | 3.26 | 3.20 | 3.15
27 | 649 | 536 | 474 | 434 | 406 | 3.85 | 360 | 356 | 3.45 | 3.36 | 328 | 322 | 3.16 | 3.11
28 | 644 | 532 | 470 | 430 | 402 | 381 | 365 | 352 | 341 | 332 | 325 | 3.18 | 3.12 | 3.07
20 | 640 | 528 | 466 | 426 | 3.98 | 3.77 | 361 | 348 | 338 | 329 | 3.21 | 315 | 3.09 | 3.04
30 | 635 | 524 | 462 | 423 | 395 | 3.74 | 358 | 3.45 | 334 | 325 | 3.18 | 3.11 | 3.06 | 3.01
31 | 632 | 520 | 459 | 420 | 392 | 3.71 | 355 | 342 | 331 | 322 | 315 | 3.08 | 3.03 | 2.98
32 | 628 | 517 | 456 | 417 | 389 | 3.68 | 352 | 339 | 329 | 320 | 3.12 | 3.06 | 3.00 | 2.95
33 | 625 | 514 | 453 | 414 | 3.86 | 3.66 | 3.49 | 337 | 326 | 3.17 | 3.00 | 3.03 | 2.97 | 2.92
34 | 622 | 541 | 450 | 411 | 3.84 | 3.63 | 347 | 334 | 324 | 315 | 3.07 | 3.01 | 2.95 | 2.90
35 | 619 | 500 | 448 | 400 | 381 | 3.61 | 345 | 332 | 321 | 312 | 3.05 | 298 | 2.93 | 2.68
36 | 6.16 | 5.06 | 446 | 4.06 | 3.79 | 358 | 3.42 | 330 | 319 | 3.10 | 3.03 | 2.96 | 2.90 | 2.85
37 | 613 | 504 | 443 | 404 | 3.77 | 356 | 340 | 3.28 | 317 | 3.08 | 3.01 | 294 | 2.88 | 2.83
38 | 611 | 502 | 441 | 402 | 3.75 | 354 | 339 | 326 | 345 | 306 | 299 [ 292 | 287 | 2.82
39 | 609 | 500 | 439 | 400 | 3.73 | 353 | 337 | 324 | 313 | 3.05 | 2.97 | 290 | 2.85 | 2.80
40 | 607 | 498 | 437 | 399 | 371 | 351 | 335 | 322 | 3.12 | 3.03 | 295 | 289 | 283 | 2.78
41 | 605 | 496 | 436 | 3.97 | 3.70 | 349 | 333 | 321 | 3.10 | 3.01 | 294 | 287 | 282 | 2.77
42 | 603 | 494 | 434 | 395 | 368 | 348 | 332 | 319 | 3.00 | 3.00 | 292 | 2.86 | 2.80 | 2.75
43 | 601 | 492 | 432 | 3.94 | 367 | 346 | 330 | 3.18 | 3.07 | 2.98 | 291 | 284 | 2.79 | 2.74
42 | 5909 | 491 | 431 | 392 | 365 | 345 | 329 | 3.16 | 3.06 | 2.97 | 289 | 283 | 277 | 2.72

45 | 5907 | 489 | 429 | 391 | 364 | 343 | 328 | 3.15 | 3.04 | 296 | 2.88 | 282 | 2.76 | 2.71

SRS PR PPN T ORI NG TPR 62 [ 342 | 326 | 3.14 | 3.03 | 2.94 | 287 | 280 | 2.75 | 2.70
47 | 5904 | 486 | 427 | 388 | 361 | 341 | 325 | 312 | 3.02 | 2.93 | 286 | 2.79 | 2.74 | 2.69
48 | 593 | 485 | 425 | 387 | 360 | 340 | 324 | 311 | 3.01 | 292 | 285 | 2.78 | 2.72 | 2.67
49 | 591 | 484 | 424 | 386 | 359 | 339 | 323 | 3.10 | 3.00 | 2.91 | 283 | 2.77 | 271 | 2.66
50 | 590 | 483 | 423 | 3.85 | 358 | 338 | 322 | 3.09 | 299 | 290 | 2.82 | 2.76 | 2.70 | 2.65
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Table 1c. Critical Values, F_,., for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

2 3 4 5 6 7 8 9 10 11 12 13 14 15
51 |[5. 89 [4. 81[|4. 22 (3. 84 [3. 57 3. 37[3. 21[3. 08[2. 98 |2. 89 [2. 81[|2. 75[2. 69| 264
52 |[5. 88 4. 80[4. 21 [3. 83[3. 56 (3. 36 [3. 20[3. 07 [2. 97 [2. 88 |2. 81[2. 74|2. 68| 2.63
53 [5. 87 [4. 79|4. 20 (3. 82 [3. 55(3. 35[3. 19[3. 06 [2. 96 [2. 87 2. 80[2. 73|2. 67| 2.62
54 |[5. 85[4. 78[4. 19 [3. 81 [3. 54 3. 34[3. 18[3. 05[2. 95[2. 86 |2. 79 [2. 72|2. 67| 2.62
55 |[5. 84 4. 77 |4. 18 [3. 80 [3. 53 [3. 33[3. 17[3. 05[2. 94[2. 85|2. 78[2. 71|2. 66| 2.61
56 |[5. 83[4. 76 4. 17 3. 79 [3. 52 3. 32[3. 16 [3. 04 |2. 93 [2. 85|2. 77 [2. 71 |2. 65| 2.60
57 [5. 82 4. 75[|4. 16 [3. 78 3. 51 (3. 31[3. 16 [3. 03[2. 93 [2. 84 |2. 76 [2. 70| 2. 64| 2.59
58 [5. 81 [4. 75[|4. 16 [3. 78 3. 51 [3. 31 [3. 15[3. 02 |2. 92 [2. 83 |2. 76 [2. 69 |2. 63| 2.58
50 [5. 80 [4. 74 4. 15[3. 77 [3. 50 3. 30 (3. 14[3. 02[2. 91[2. 82 |2. 75[2. 68 |2. 63| 2.58
60 [5. 79 [4. 73[4. 14 [3. 76 [3. 49 [3. 29 [3. 13[3. 01 [2. 90[2. 82 |2. 74[2. 68 |2. 62| 257
61 |[5. 79 [4. 72 |4. 13[3. 75[3. 48 [3. 28[3. 13[3. 00[2. 90 [2. 81 |2. 74[2. 67 |2. 61| 2.56
62 |[5. 78 [4. 71 |4. 13[3. 75[3. 48 [3. 28 [3. 12 2. 99[2. 89 [2. 80 |2. 73[2. 66 |2. 61| 2.56
63 |[5. 77 [4. 71 |4. 12 3. 74[3. 47 [3. 27 [3. 11 |2. 99[2. 88 [2. 80 |2. 72[2. 66 |2. 60| 2.55
64 |[5. 76 [4. 70 [4. 11 [3. 73 [3. 47 [3. 26 [3. 11 |2. 98 [2. 88 [2. 79 |2. 72[2. 65|2. 60| 2.55
65 |[5. 75[4. 69 |4. 11 [3. 73 [3. 46 3. 26 [3. 10[2. 98 [2. 87 |2. 79[2. 71 [|2. 65[2. 59| 254
66 |[5. 75[4. 69[4. 10 (3. 72 [3. 45[3. 25[3. 10[2. 97 [2. 87 [2. 78 |2. 70[2. 64| 2. 58| 2.53
67 |[5. 74|4. 68[4. 09 (3. 71 [3. 45[3. 25[3. 09[2. 97 [2. 86 [2. 77 |2. 70[2. 63 |2. 58| 2.53
68 |[5. 73 [4. 67 [4. 09 (3. 71 [3. 44 3. 24[3. 09]2. 96 2. 86 [2. 77 |2. 69 [2. 63|2. 57| 252
69 |[5. 73[4. 67 [4. 08[3. 70 [3. 44 3. 24[3. 08[2. 95[2. 85[2. 76 [2. 69 [2. 62 |2. 57| 252

DE3P7':0':S 5"'FLZ':._.D4CI‘V‘6€'S'()!A’LD'9§'O!§I'I.’\'7"0T33”\' 43 [3. 23[3. 08[2. 95[2. 85[2. 76 [2. 68 |2. 62 [2. 56| 2.551
Y15, 7L 14,66 [4. 07 | 3. 3. 43 3. 23 (3. 07 2. 94[2. 84|2. 75 (2. 68|2. 61 |2. 56| 251
72 |[5. 71[4. 65[4. 07 (3. 69 [3. 42 [3. 22[3. 07[2. 94[2. 84|2. 75|2. 67 [2. 61|2. 55| 2.50
73 |[5. 70 [4. 644, 06 (3. 68[3. 42 3. 22[3. 06 2. 94[2. 83 [2. 74|2. 67[2. 61|2. 55| 2.50
74 |[5. 70 [4. 64 4. 06 (3. 68[3. 41 3. 21[3. 06 2. 93[2. 83 [2. 74 |2. 67 [2. 60[2. 54| 2.49
75 |[5. 69 4. 63[4. 05[3. 67 [3. 41 3. 21[3. 05[2. 93[2. 82 [2. 74 |2. 66 [2. 60 |2. 54| 2.49
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Table 1d. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

2 199 | 199 199 | 199 | 199 199 | 199 | 199 | 199 | 199 199 | 199 199 | 199 | 199
3 43.0 | 42.9| 429 | 428 428 42.7| 427 | 427 | 426 | 426 | 42.6| 425 425| 425 ]| 425
4 204 | 203 | 203 | 202 | 202| 201 201| 201 200 200 200 200]| 199 19.9| 1909
5 13.1 | 13.0 | 13.0]| 129 | 129 129 128 128 128 128 127 | 12.7| 127 | 127 | 12.7
6 976 | 9.71| 966| 962| 959| 956 | 953| 950| 947| 945| 943 | 941| 939 937 | 9.36
7 791 | 787 | 783 7.79| 7.75| 7.72| 769| 767 | 764 | 762| 760| 758| 757 7.55| 7.53
8 6.76 | 6.72| 6.68| 664| 661| 658| 655| 653 | 650| 6.48| 6.46| 6.44| 6.43| 6.41| 6.40
9 598 | 594| 590| 586| 583| 580| 578| 575| 573| 571| 569| 567| 565| 564 | 562
10 542 | 538| 534| 531| 527| 525| 522| 520 5417]| 5.15| 513| 5.12| 5.10| 508 ]| 5.07
11 500 | 496 | 492 | 489 | 486| 483 | 480| 4.78| 4.76| 4.74| 4.72| 4.70| 468 467 | 4.65
12 467 | 463 | 459 | 456 | 453| 450 | 4.48| 445 | 4.43| 441 439| 4.38| 436 | 4.34| 4.33
13 441 | 437 | 433 | 430]| 427 | 424| 422 419 417 | 415 4.13| 412 | 4.10| 4.09]| 4.07
14 420 | 4.16| 4.12| 4.09]| 406| 403| 401| 398| 396| 3.94| 392| 391 3.89| 3.88| 3.86
15 402 | 398| 395| 391| 3.88| 386| 3.83| 3.81| 3.79| 3.77| 3.75| 3.73| 3.72| 3.70| 3.69
16 387 | 383| 3.80| 3.76| 3.73| 3.71| 368 | 3.66| 364| 3.62| 360| 358| 357 | 355| 3.54
17 3.75| 3.71| 3.67| 364| 3.61| 358| 356| 353 | 351| 3.49| 3.47| 3.46| 3.44| 3.43| 3.41
18 364 | 360| 3.56| 353| 350| 3.47| 3.45| 3.42| 340| 3.38| 3.36| 3.35| 3.33| 3.32| 3.30
19 354 | 350| 3.46| 3.43| 3.40| 337 | 3.35]| 3.33| 331| 3.29| 327| 3.25]| 324 322]| 321
20 3.46 | 3.42| 3.38| 335| 3.32| 3.29| 327| 324 322| 3.20| 318 3.17]| 3.15| 3.14| 3.12
DEGREHS OF FRBEDOM BOR DERONIINAIOR 3.24 | 3.22 | 3.19| 3.17| 3.15| 3.13| 3.11| 3.09| 3.08| 3.06| 3.05
22 331 | 327]| 3.24| 321| 3.18]| 3.15| 3.12| 3.10| 3.08| 3.06| 3.04| 3.03| 3.0L| 3.00]| 2098
23 325 | 321]| 3.18| 3.15| 3.12| 3.09| 3.06| 3.04| 3.02]| 3.00| 298| 297| 295| 294| 292
24 320 | 3.16 | 3.12| 3.09| 3.06| 3.04| 301| 299 297| 295 293| 291| 290| 288 287
25 3.15 | 3.11| 3.08| 3.04| 301| 299 | 296| 294 292| 290| 288 | 286| 285| 283| 282
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Table le. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
26 311 | 3.07| 3.03| 3.00| 297 294 292| 289 287 | 285| 284| 282| 280 279 2.77
27 307 | 3.03| 299 296 293 290 288 285| 283| 281] 279| 278| 276| 2.75| 2.73
28 3.03| 299 | 295 292 289 286 284 282 2.79| 277| 276| 274| 272 271 2.69
29 209 | 2.95| 292| 288 286| 283| 280] 278| 2.76| 274| 272| 270 269 267 | 266
30 206 | 292 | 289 | 285| 282 280 2.77] 275| 273| 271| 269 | 267 | 266 264 263
31 203 | 289 | 286 282 2.79| 277 2.74] 272| 270| 268| 266| 264| 263| 261 260
32 200 | 286 | 283 | 280 277 274 2.71| 269| 267 | 265| 263| 261| 260| 258 257
33 288 | 284 | 280 277 274 2.71| 269| 266| 264| 262 | 261| 259| 257 | 256 254
32 285 | 281 | 2.78| 2.75| 2.72| 2.69| 2.66| 264| 262| 260| 258| 256| 255| 253 252
35 283 | 279 | 2.76| 2.72| 269| 267 | 264] 262| 260| 258 | 256| 254 253 251 250
36 281 | 277 | 273 | 2.70| 267 | 264 262] 260| 258| 256| 254 252| 250 249 248
37 279 | 2.75| 2.71| 2.68| 265| 262| 260| 258| 256| 254| 252| 250 248 247 | 2.46
38 277 | 273 | 2.70| 2.66| 2.63| 261| 258| 256| 254| 252 | 250 248 | 247 | 245 2.44
39 275 | 271 | 2.68| 264| 262| 259 | 256| 254| 252| 250| 248| 246 | 245| 243 | 2.42
20 274 | 270 | 2.66 | 2.63| 2.60| 257 | 255]| 252| 250| 248 | 246 | 245| 243 | 242 2.40
a1 272 | 268 | 264 | 261| 258| 256| 253| 251| 249| 247 | 245| 243 | 241| 240 2.39
42 271 | 267 | 263 | 260| 257 | 254 | 252 249| 247 | 245| 243| 242 | 240| 238 237
43 269 | 2.65| 262 258| 255| 253| 250| 248 | 246 | 244 | 242 | 240| 239 237 | 236
44 268 | 264 | 260 | 257 | 254 251 249| 246 | 244| 242 | 240| 239 | 237 | 236 234

45 | 266 262 259 256 2.53| 250 | 247 | 245| 243 | 241 | 2.39| 237 | 236| 234 | 2.33

D B RS O R O PR D N NS PR 5 51 [ 249 | 246 | 244 | 242 | 2.40| 238| 236| 235| 233 232
47 264 | 2.60| 256 | 253| 250| 248 245| 243| 241| 239| 237| 235| 233 232 230
48 263 | 259 | 255 252 249 | 2.46| 244 242| 239| 237| 236| 234| 232 231 229
49 262 | 258 | 254 | 251 248| 245| 243| 240| 238| 236| 235| 233| 231 230 228
50 261 | 257 | 253 | 250 247 | 244 242 239| 237| 235| 233| 232| 230 229 227
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Table 1f. Critical Values, F_, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
51 260 | 256 | 252 | 249 | 246 | 243| 241] 238| 236| 234| 232 231| 229 228 226
52 259 | 255 | 251 | 248 245| 2.42| 2.40| 238| 235| 233| 232| 230 228 227 225
53 258 | 254 | 250 | 247 | 244 241 239] 237 | 234| 232| 231 229 227 226 224
52 257 | 253 | 250 | 246 | 243| 241| 238| 236| 234| 232| 230 228| 226 225 223
55 256 | 252 | 249 | 245| 242| 2.40| 237] 235| 233| 231| 229 227 | 226 224 223
56 256 | 252 | 248 | 245| 242 239 | 236| 234| 232| 230| 228| 226| 225| 223 222
57 255 | 251 | 247 | 244 241 238 236| 233| 231| 229| 227| 226| 224 222 221
58 254 | 250 | 246 | 243 | 2.40| 237 | 235] 233| 230| 228| 227| 225 223 222 220
59 253 | 249 | 246 | 242 239 237 | 234 232| 230| 228| 226| 224| 222 221 2.19
60 253 | 249 | 245 242 239 236 233| 231] 229| 227| 225| 223| 222 220 2.19
61 252 | 248 | 244 | 241 238 235| 233] 230| 228| 226| 224 223| 221 220 218
62 251 | 247 | 244 | 240 237 | 235| 232| 230| 228| 226| 224| 222| 220 219 2.17
63 251 | 247 | 243 | 240 237 | 234 232 229| 227| 225| 223| 221| 220 218 2.17
64 250 | 246 | 242 | 239 | 236| 233| 231] 229| 226| 224| 223| 221| 219 218 | 2.16
65 249 | 245 | 242 | 239 236| 233| 230] 228| 226| 224| 222 220 219 217 | 2.16
66 249 | 245 | 241 | 238 235| 232 230] 227| 225| 223| 221| 220 218| 216 2.15
67 248 | 244 | 241 237 234 232 229] 227 225| 223| 221 219 217 | 216 | 2.14
68 248 | 244 | 240 | 237 | 234 231 229] 226| 224| 222| 220 219 217| 215 2.14
69 247 | 243 | 240 | 236| 233| 231 228 226| 224| 222| 220 218 216 215 2.13

70 | 247 243 | 239 236| 2.33| 2.30| 228| 225| 223 | 221 | 29| 217 | 216| 214 | 218

D B R S O R O R DN N N IO 2 32 [ 230 | 227 | 225 | 223 | 221| 219| 217 | 215 214 212
72 246 | 242 | 238 | 235| 232 229 227 224 222| 220| 218| 217 | 215 213 | 212
73 245 | 241 | 238 | 234 231 229 226 224 222| 220| 218| 216 | 214 | 213 | 211
72 245 | 241 | 237 | 234 231 228 226 223| 221| 219| 217| 216 | 214 | 212 | 211
75 245 | 241 | 237 | 234 231| 228 225]| 223| 221| 219| 217 | 215 214 212| 2.10
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Table 1g. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
2 199 | 199 199 | 199 | 199 199 | 199 | 199 | 199 | 199 199 | 199 199 | 199 | 199
3 425 | 42.4 | 424 | 424 | 424 | 424 | 424 | 423 | 423 | 423 423| 423 423| 423 423
4 199 | 199 | 198 ]| 198 | 198 | 198 198 | 198 | 198 198 19.7| 19.7| 197 | 19.7| 19.7
5 126 | 126 | 126 126 | 126| 126 | 126 | 126 | 125 125| 125 125| 125]| 125 125
6 934 | 933| 932 930| 929| 928 | 927| 926 925| 924 923 922| 922 921| 9.20
7 752 | 751 | 7.49| 7.48 | 7.47| 7.46 | 745| 7.44| 743 | 7.42| 7.41| 741| 7.40| 7.39| 7.38
8 638 | 637 | 6.36| 635| 6.33| 632| 631| 630 630| 6.29| 628| 627| 626 626 625
9 561| 560| 559| 558| 556| 555| 554 | 554 553| 552| 551| 550| 550 549 | 5.48
10 506 | 504]| 503| 502| 501| 500| 499 | 498 497 | 497 | 496 | 495| 494 494 | 4.93
11 464 | 463 | 462 | 461| 460| 459| 458| 457 | 456 | 455| 454 | 454 | 453 | 452 | 452
12 432 | 4.31| 429 428 427 426| 425]| 424 424| 423 422| 421 421| 420 4.19
13 406 | 4.05| 4.04| 402]| 401| 400| 400| 3.99| 398| 3.97| 396| 3.96| 3.95| 3.94| 3.94
14 385| 384| 3.83| 381| 380]| 3.79| 3.79| 3.78| 3.77| 3.76 | 3.75| 3.75| 3.74| 3.73| 3.73
15 367 | 366| 3.65| 364| 363| 362| 361| 3.60| 359| 3.58| 358| 357| 3.56| 356 3.55
16 353 | 351 | 3.50| 3.49| 3.48| 3.47| 3.46| 3.45| 3.45| 3.44| 3.43| 3.42| 3.42| 3.41| 3.40
17 3.40 | 339 | 3.38| 3.36| 3.35| 334 | 334| 3.33| 332| 3.31| 3.30| 330]| 329 3.28| 3.28
18 329 | 3.28| 3.27| 326| 3.25| 3.24| 323| 322 321| 320 319| 3.19]| 3.18| 3.17]| 3.17
19 3.19 | 3.18| 3.17| 3.16| 3.15| 3.14| 3.13| 3.12| 311]| 3.11| 3.10| 3.09| 3.08| 3.08| 3.07
20 3.11 | 3.10| 3.09| 3.08| 3.07| 3.06| 3.05]| 3.04| 303]| 3.02| 301| 3.01L| 3.00| 299| 2099

DEGREHS OF FRBEDOM . EDR DENONIINAGDR 2.99 | 2.98 | 297 | 296 295| 2.95| 294 | 293| 292 | 292| 201
22 297 | 296 | 295| 293| 292| 291 | 291| 290| 289 | 288 287 | 286| 2.86| 285 | 284
23 291 | 290| 289 | 287| 286| 285| 285| 2.84| 283| 282| 281| 280| 2.80| 2.79| 278
24 285| 284 | 283| 282 | 281| 280 279| 278 277 277 | 276 2.75]| 2.74| 2.74| 2.73
25 281 | 2.79| 2.78| 277 | 276 | 275 274 273 272 272 271 270| 269 269 | 268
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Table 1h. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

31 32 33 32 35 36 37 38 39 20 a1 42 43 44 45
26 276 | 275 | 274 | 2.73| 2.72| 2.71| 2.70| 269 | 268| 267 | 266| 266| 265| 264 264
27 272 | 271 2.70| 2.68| 2.67| 2.66| 2.66| 265| 264| 263| 262| 261| 261| 260 259
28 268 | 267 | 2.66| 2.65| 2.64| 263| 262] 261| 260| 259| 258| 258| 257 | 256 256
29 265 | 263 | 262 261| 2.60| 259| 258| 257 | 256| 256| 255| 254| 253| 253 252
30 261 | 260 | 259 | 258 257 | 256| 255| 254| 253| 252| 252| 251| 250 249 2.49
31 258 | 257 | 256 | 255| 254 | 253 252| 251| 250| 249 | 249 | 248 | 247 246 | 2.46
32 256 | 254 | 253 | 252 251 250 2.49| 248 | 247 | 247 | 246 | 245 244 | 244 | 243
33 253 | 252 | 251 | 250 248 247 | 247 | 246 | 245| 244 | 243 | 242 | 242 241 2.40
32 251 | 249 | 248 | 247 | 246 | 245| 244| 243 | 242 | 242 | 241| 240| 239 239 238
35 248 | 247 | 246 | 245| 244 | 243 | 242| 241| 240| 239| 238 238 237| 236 236
36 246 | 245 | 244 | 243 | 242| 241 2.40| 239| 238| 237| 236 236| 235 234 233
37 244 | 243 | 242 | 241 2.40| 239 | 238 237 | 236| 235| 234| 233| 233| 232 231
38 242 | 241 | 240 | 239 238 237 | 236| 235| 234| 233| 232| 232| 231| 230 229
39 241 | 239 | 238 | 237 | 236| 235| 234] 233| 232| 231| 231| 230 229 228 228
20 239 | 238 | 236 | 235| 234 233| 232] 231| 230| 230| 229 228 227 227 226
a1 237 | 236 | 235| 234 233| 232 231] 230| 229| 228| 227| 226 226 225| 224
42 236 | 234 | 233 | 232 231| 230| 229] 228| 227| 226| 226 225| 224 223| 223
43 234 | 233 | 232 231 230 229 228 227| 226| 225| 224| 223| 223| 222 221
44 233 | 232 | 230 229 228 227 226] 225| 224| 224| 223| 222 221 221 220

25 | 232 230 229 228| 2.27| 2.26| 225| 224| 223| 222 | 2.21| 221| 220| 219 219

D B RS O R O R D N NS T PR 5 26 | 225 | 224 | 223 | 222 | 221| 220| 219 | 219 218 2.17
47 229 | 228 | 227 | 225| 224 223| 222] 221| 221| 220| 219 218 217 | 217 | 2.16
48 228 | 227 | 225| 224 223| 222 221] 220| 219| 219| 218| 217 | 216 216 | 2.15
49 227 | 226 | 224 | 223| 222| 221| 220] 219| 218| 218| 217 | 216 | 215 214 | 2.14
50 226 | 2.25| 223 222| 221| 220]| 219] 218| 217| 216 | 216 | 215 214 | 213 | 2.13
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Table 1i. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

31 32 33 32 35 36 37 38 39 20 a1 42 43 44 45
51 225 | 224 | 222 221 220 2.19| 218 217| 216| 215| 215| 214 | 213 | 212 212
52 224 | 223 | 221 | 220]| 219 218 | 217 | 216 215| 214 | 214| 213 | 212 | 211 211
53 223 | 222 | 220 219| 218 217| 2.16]| 215| 214 | 214 | 213| 212 | 211 210| 2.10
52 222 | 221 | 220 218| 217 | 216 | 2.15| 214| 213| 213| 212| 211| 210| 210 2.09
55 221 | 220 219 | 218| 2.16| 2.15| 214| 214 | 213| 212 | 211| 210| 209 209 | 208
56 220 | 219 | 218 | 217 | 216 | 2.15| 214 | 213| 212| 211| 210| 209| 209| 208 207
57 220 | 218 | 217 | 216 | 2.15| 214 | 213| 212 | 211| 210| 209| 209 | 208 | 207 | 206
58 219 | 218 | 216 | 2.15| 214 | 213| 212| 241| 210| 209| 209| 208| 207 | 206 206
59 218 | 217 | 216 | 214 | 213 | 212 | 211] 210| 209| 209| 208| 207 | 206 206 205
60 217 | 216 | 215 | 214 | 2.13| 212 | 211] 210| 209| 208| 207 | 206| 206 205| 204
61 217 | 215 | 214 | 213| 212| 211| 2.10] 209| 208| 207 | 206| 206| 205 204| 203
62 216 | 215 | 214 | 212| 211| 2.10| 2.09] 208| 207| 207 | 206| 205| 204 203| 203
63 215 | 214 | 213 | 212| 211| 2.10| 209| 2.08| 207 | 206| 205| 204| 203| 203 202
64 215 | 213 | 212 | 211| 2.10| 209 | 208| 207 | 2.06| 205| 204| 204| 203| 202 201
65 214 | 213 | 212 | 211| 209| 208| 207 | 2.06| 2.06| 205| 204| 203| 202| 202 201
66 214 | 212 | 211 | 2.10| 209 | 208| 207] 206| 205| 204| 203| 202| 202 201| 200
67 213 | 212 | 211 | 209| 208| 207 | 2.06] 205| 204| 203| 203| 202| 201| 200| 200
68 212 | 211 | 2.10| 209| 208| 207 | 206| 2.05| 204| 203| 202| 201| 201| 200 1.99
69 212 | 211 | 209 | 208| 207 | 2.06| 205| 204]| 203| 202| 202| 201| 200| 1.99| 1.99

70 | 211 210] 209| 2.08| 2.07| 2.06| 205| 204| 203 | 2.02| 201| 200| 199| 199 | 1.98

D B R S O R O TR BN NS PR 206 | 205 | 204 | 203 | 202| 201| 201| 200| 1.09| 1.98| 1.98
72 210 | 209 | 208| 207| 206| 205| 204| 203| 202| 201| 200| 1.09| 1.98| 1.98| 1.97
73 210 | 209 | 207 | 206| 205| 204| 203| 202| 201| 200| 200| 1.909| 1.98| 1.97| 1.97
72 210 | 2.08| 207 | 206| 205| 204]| 203| 202| 201| 200| 1.09| 1.98| 1.98| 1.97| 1.96
75 209 | 208 | 207| 205| 204| 203| 202] 201| 200| 1.909| 1.09| 1.98| 1.97| 1.96| 1.96
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Table 1j. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
2 199 | 199 199 | 199 | 199 199 | 199 | 199 | 199 | 199 199 | 199 199 | 199 | 199
3 423 | 422 | 422 422 422 422 422 422 422 422 422 422 422 422 422
4 19.7 | 19.7 | 197 | 19.7| 19.7| 197 | 19.7| 197 | 196 | 196 | 196 | 196 | 196 | 196 | 19.6
5 125 | 125 | 125]| 125 | 125 125 ]| 12.4 | 12.4 | 124 | 12.4| 124 | 124 | 124 | 124 | 124
6 919 | 919 | 9.18| 9.18| 917 | 916 | 9.16| 9.15| 915]| 9.14| 9.14| 913| 9.13| 913 ]| 9.12
7 738 | 737 | 7.37| 736| 735]| 7.35| 734| 7.34| 733| 7.33| 7.33| 732]| 732 731| 7.31
8 6.24 | 6.24| 6.23| 6.23| 622| 622 621| 621 620| 620| 6.19| 6.19| 6.18| 6.18| 6.18
9 548 | 547 | 546 | 546 | 545| 545 | 544 | 544 | 543 | 543 | 543 | 542 | 542 | 541 5.41
10 492 | 492 | 491| 491| 490| 490| 489 | 489 | 488 | 488 | 487 | 487 | 487 | 486| 4.86
11 451 | 450 | 450 4.49| 4.49 | 448 | 4.48 | 447 | 4.47| 446 | 4.46| 4.46| 445 | 4.45| 4.45
12 419 | 4.18| 4.18| 417| 417 | 4.16| 4.16| 4.15| 4.15]| 4.14| 4.14| 413 | 4.13| 413 ]| 4.12
13 393 | 392| 392 391| 391| 390| 390| 3.89| 389| 3.88| 3.88| 3.88| 3.87| 387 ]| 3.87
14 3.72 | 3.71| 3.71| 3.70| 3.70| 369 | 369| 3.68| 368| 3.67| 367 | 367 | 3.66| 3.66| 3.66
15 354 | 354 | 3.53| 353| 352| 352| 351| 3.51| 350| 3.50| 3.50| 3.49| 3.49| 3.48| 3.48
16 340 | 339| 3.39| 338| 3.37| 337| 337| 3.36| 336| 3.35| 3.35| 3.34| 3.34| 3.34| 3.33
17 327 | 3.26| 3.26| 3.25| 3.25| 3.24| 3.24| 3.23| 323]| 3.23| 322| 322| 321 321]| 321
18 3.16 | 3.15| 3.15| 3.14| 3.14| 3.13| 313 ]| 3.12| 312| 3.12| 3.11| 3.11]| 3.10[ 3.10| 3.10
19 3.06 | 3.06| 3.05| 3.05| 3.04| 3.04| 3.03]| 3.03| 3.02| 3.02| 3.02| 301| 301 3.00]| 3.00
20 298 | 297 | 297 | 296 | 296| 295 295| 294 294 | 294| 293 293]| 292 292 292

DEGREHS OF FRBEDOM . EOR DESONIINAGDR 2.88 | 2.88 | 287 | 2.87| 286| 2.86| 286| 285| 2.85| 284 | 284
22 284 | 283| 283| 282| 282| 281 281| 280 280 279| 279 279]| 278 278 2.77
23 278 | 277 | 277 | 276 2.76| 2.75| 2.75| 2.74| 2.74| 273 | 273 272 272 272 271
24 272 | 272 | 271 271 270| 270 269| 269 | 268| 2.68| 267 | 267| 267 266| 266
25 267 | 267| 2.66| 266| 265| 2.65| 264| 264 263| 263| 262 262| 262 261 261
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Table 1k. Critical Values, F_,.,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

16 47 48 49 50 51 52 53 52 55 56 57 58 59 60
26 263 | 262 | 262 261| 261| 2.60| 260] 259| 259| 258| 258 | 257 | 257 | 257 | 256
27 259 | 258 | 258 257 | 257 | 256| 256| 255| 255| 254| 254| 253| 253| 253 252
28 255 | 254 | 254 | 253| 253| 252 252| 251| 251| 250| 250 250 249 249 | 248
29 251 | 251 | 250 | 250| 2.49| 2.49| 248 | 248 | 247 | 247 | 246 | 246 | 246 | 245| 245
30 248 | 248 | 247 | 246 | 246 | 245| 245| 244 | 244 | 244 | 243 | 243 | 242 | 242 242
31 245 | 245 | 244 | 243 | 243 | 242 242| 241| 241| 240| 240| 240| 239 | 239 238
32 242 | 242 | 241 | 241 2.40| 2.40| 239] 239| 238| 238| 237| 237 | 236 236 236
33 240 | 239 | 239 | 238 237 | 237 | 236] 236| 235| 235| 235| 234| 234 233 233
32 237 | 237 | 236 | 2.36| 235| 234 234] 233| 233| 233| 232 232 231 231 230
35 235 | 234 | 234 | 233| 233| 232 232] 231| 231| 230| 230 229 229 229 228
36 233 | 232 | 232 231 230| 230| 229] 229| 228| 228| 228 227 | 227| 226 226
37 231 | 230 | 230 229| 228 228 227] 227| 226| 226| 226 225| 225 224 224
38 229 | 228 | 228 227 227 226 225| 225| 225| 224| 224| 223| 223 222 222
39 227 | 226 | 2.26| 2.25| 225| 224 224 223| 223| 222| 222 221 221 221 220
20 225 | 225 224 | 224 223| 222 222] 221| 221| 220| 220 220 219 219 2.18
a1 224 | 223 | 222 222| 221 221 220]| 220| 219| 219| 218| 218| 218 217 | 2.17
42 222 | 221 | 221 220]| 220| 219]| 219] 218| 218| 217 | 217 | 216 216 216 | 2.15
43 221 | 220 219 | 219| 218 218 217] 217 | 216| 216 | 215| 215 214 | 214 | 2.14
44 219 | 219 | 218 | 217 | 217 | 216 | 2.16| 2.15| 2.145| 214 | 214| 213 | 213| 213 | 212

25 | 218 217| 217| 216| 26| 25| 214| 214| 213 | 213 | 243 | 242 | 212| 211 211

D B RS A R O R BN N N T OR S T4 [ 214 | 213 | 213 | 212 | 212| 2411| 211| 210| 210 2.10
47 215 | 215 | 214 | 214 | 213 | 212 | 212| 241| 241| 2411| 210| 210| 209 209 | 208
48 214 | 214 | 213 | 212| 212| 211 | 211| 2.10| 2.10| 209| 209| 208| 208| 208 207
49 213 | 212 | 212 | 211| 211| 2.10| 2.10] 209| 209| 208| 208| 207 | 207 | 206 206
50 212 | 211 | 211 | 2.10| 2.10| 209| 209] 208| 208| 207 | 207| 206| 206 205| 205
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Table 1l. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

16 47 48 49 50 51 52 53 52 55 56 57 58 59 60
51 211 | 2.10| 2.10| 2.09| 209| 208| 208]| 207 | 207| 206| 206| 205| 205 204| 204
52 210 | 209 | 209 | 208| 208| 207| 207] 206| 206| 205| 205| 204| 204 203| 203
53 209 | 208 | 208| 207| 207| 2.06| 2.06]| 2.05| 2.05| 204| 204| 203| 203| 202 202
52 208 | 208 | 207| 206| 206| 205| 2.05| 204| 204| 203| 203| 202| 202| 201 201
55 207 | 207 | 206| 205| 205| 204]| 204] 203| 203| 202| 202| 201| 201 201| 200
56 206 | 206 | 205| 205| 204| 204| 203| 202] 202| 202| 201| 201| 200| 200 1.99
57 206 | 205| 204| 204| 203| 203| 202| 202| 201| 201| 200| 200| 1.99| 1.99| 1.99
58 205 | 204 | 204| 203| 202| 202| 201] 201| 200| 200| 1.09| 1.99| 1.99| 1.98| 1.98
59 204 | 204 | 203| 202| 202| 201| 201] 200]| 200| 1.909| 1.09| 1.98| 1.98| 1.97| 1.97
60 203 | 203| 202| 202| 201| 200]| 200] 1.99| 1.909| 1.98| 1.98| 1.97| 1.97| 1.97| 1.96
61 203 | 202| 201| 201| 200| 200]| 1.99] 1.99| 1.98| 1.98| 1.07| 1.97| 1.96| 1.96| 1.96
62 202 | 201 201| 200]| 200]| 1.99| 1.99| 1.98| 1.97| 1.97| 1.97| 1.96| 1.96| 1.95| 1.95
63 201 | 201 200| 200]| 1.99| 1.98| 1.98| 1.97| 1.97| 1.96| 1.96| 1.95| 1.95| 1.95| 1.94
64 201 | 200| 1.99| 1.99| 1.98| 1.98| 1.97| 1.97| 1.96| 1.96| 1.05| 1.05| 1.94| 1.94| 1.93
65 200 | 200| 1.99| 1.98| 1.98| 1.97| 197 | 1.96| 1.96| 1.95| 1.05| 1.04| 1.94| 1.93| 1.93
66 200 | 1.99| 1.98| 1.98| 1.97| 1.97| 1.96| 1.95| 1.95| 1.94| 1.04| 1.94| 1.93| 1.93| 1.92
67 109 | 1.98| 1.98| 1.97| 1.97| 1.96| 1.05| 1.05| 1.04| 1.04| 1.93| 1.93| 1.93| 1.92| 1.92
68 108 | 1.98| 1.97| 1.97| 1.96| 1.95| 1.05| 1.04| 1.04| 1.93| 1.93| 1.92| 1.92| 1.92| 1.01
69 108 | 1.97 | 1.97| 1.96| 1.95| 1.05| 1.04| 1.04| 1.93| 1.93| 1.92| 1.92| 1.91| 1.91| 1.01

70 | 197 107| 196| 195| 1.95| 1.94| 104| 193] 193 | 1.92| 1.92| 1.91| 191| 1.90| 1.90

DEGREES O FREFEONM FOR PRGN NAGOR T 04 [ 104 | 193 | 1.93| 1.92| 1.92| 1.01| 1.901| 1.90| 1.90| 1.89
72 106 | 1.96| 1.95| 1.94| 1.94| 1.93| 1.93| 1.02| 1.02| 1.91| 1.91| 1.90| 1.90| 1.89| 1.89
73 106 | 1.95| 1.95| 1.94| 1.93| 193] 1.92| 1.02| 1.01| 1.901| 1.00| 1.90| 1.89| 1.89| 1.8
72 105 | 1.95| 1.94| 1.93| 193] 1.92| 1.92| 1.01| 1.01| 1.00| 1.00| 1.89| 1.89| 1.88| 1.8
75 105 | 1.94| 1.94| 193] 1.92| 1.92| 191 | 1.91| 1.00| 1.00| 1.89| 1.89| 1.88| 1.88| 1.8
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Table 1m. Critical Values, F_,,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
2 199 | 199 199 | 199 | 199 199 | 199 | 199 | 199 | 199 199 | 199 199 | 199 | 199
3 421 | 421 | 421 421 421 421 | 421 | 421 | 421 | 421 421 421 421 421 421
4 196 | 196 | 196]| 196 | 196 | 196 | 196 | 196 | 196 | 196 | 196 | 196 | 196 | 196 | 19.6
5 12.4 | 12.4 | 12.4 | 124 | 124 | 124 | 124 | 124 | 124 | 12.4| 124 | 124 | 124 | 124 | 124
6 912 | 911 | 911 9.11| 910| 9.10| 9.10| 909 909| 9.09| 9.08| 908| 9.08| 9.08]| 907
7 730 | 7.30| 7.30| 729 7.29| 729 728 728 728 728 727 727 | 7.27| 7.27| 7.26
8 6.17 | 6.17| 6.1.7| 6.16 | 6.16| 6.16 | 6.15| 6.15| 6.15| 6.15| 6.14 | 6.14 | 6.14| 6.13| 6.13
9 541 | 540| 540| 540| 539| 539| 539| 538 | 538| 538| 538 | 537| 537| 537]| 537
10 486 | 485| 485 | 485| 4.84| 484 | 484 | 483 | 483 | 483 483 | 482 482 | 482 4.82
11 444 | 4.44 | 443 | 4.43| 4.43 | 443 | 442 | 442 | 442 | 441 441| 441 441| 440 4.40
12 412 | 412 | 411 | 411]| 411 | 4.10| 4.10| 4.10| 4.10| 4.09| 409| 409 4.08| 4.08]| 4.08
13 386 | 386| 3.86| 385| 3.85| 385| 384 | 3.84| 384| 3.84| 383| 3.83| 3.83| 3.83| 3.82
14 3.65| 365| 3.65| 364| 3.64| 364| 363| 3.63| 363| 3.62| 362| 362| 362 | 361]| 361
15 3.48 | 3.47 | 3.47 | 3.47| 3.46| 3.46 | 3.46 | 3.46 | 3.45| 3.45| 3.45| 3.44 | 3.44 | 3.44 | 3.44
16 333 | 333| 3.32| 332| 332| 331| 331| 331 330]| 3.30| 330| 3.30]| 3.29| 329 3.29
17 320 | 320]| 3.20| 3.19| 3.19| 3.19| 3.18| 3.18| 3.18| 3.18| 3.17| 3.17]| 3.17| 3.17| 3.16
18 3.09 | 3.09| 3.09| 3.08| 3.08]| 3.08| 307]| 3.07| 307| 3.07| 3.06| 3.06]| 3.06| 3.06]| 3.05
19 3.00 | 299| 299 299 | 298| 298| 298| 298| 297 | 297 | 297 | 296| 296 296 | 2096
20 291 | 291| 291| 290| 290| 290 289| 289 289| 288| 288 288| 2.88| 287 | 287

DEGREHS OF FRBEDOM . BBR DESONIINAGDR 282 | 282 | 282 | 282 281| 281| 281| 280| 2.80| 280 280
22 277 | 277 | 2.76| 276 | 2.76| 2.75| 2.75| 2.75| 2.75| 2.74| 2.74| 274 | 2.73| 2.73| 2.73
23 271 | 271| 2.70| 270 2.70| 269 269| 269| 268| 268| 268 268| 267 267 | 267
24 265 | 265| 2.65| 264 | 264| 264 264| 263| 263| 263| 262 262]| 262 262 261
25 261| 260| 2.60| 259 | 259| 259 | 259| 258 258| 258| 257 | 257| 257 257| 256
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Table 1n. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

61 62 63 64 65 66 67 68 69 70 71 72 73 72 75
26 256 | 256 | 255| 255| 255| 254 | 254 | 254| 253| 253| 253| 253| 252| 252 252
27 252 | 251 | 251 | 251| 250| 250| 250| 250| 249| 249 | 249 | 248 | 248 | 248 | 248
28 248 | 248 | 247 | 247 | 247 | 2.46| 2.46| 246 | 245| 245 | 245 | 245 | 244 | 244 | 2.44
29 244 | 244 | 244 | 243 | 243 | 243 242 242 | 242| 242 | 241| 241 241 241 2.40
30 241 | 241 | 240 | 240| 2.40| 239 | 239| 239| 239| 238| 238| 238| 237| 237 237
31 238 | 238 | 237 | 237| 237 | 236| 236| 236| 236| 235| 235| 235| 234 234 234
32 235 | 235 | 235 234 234| 234 233| 233| 233| 232| 232| 232| 232 231 231
33 233 | 232 | 232 232 231 231 231] 230| 230| 230| 229 229 229 229 228
32 230 | 230 | 229 229| 229| 228 228 228| 228| 227 | 227| 227 | 226 226 226
35 228 | 227 | 227 | 227 226| 226| 226] 225| 225| 225| 225| 224 | 224 224 224
36 226 | 2.25| 2.25| 225| 224 224 224 223| 223| 223| 222| 222| 222 222 221
37 224 | 223 | 223 222 222 222 221 221| 221| 221| 220| 220| 220 220 2.19
38 222 | 221 | 221 221| 220| 220| 220]| 219| 219| 219| 218| 218| 218 | 218 2.17
39 220 219 | 219 | 219| 2.18| 218 248]| 217 | 217| 217 | 217 | 216 216 216 2.15
20 218 | 218 | 217 | 217 | 217 | 216 | 216 216 | 215| 215| 215 214 | 214 | 214 | 2.14
a1 216 | 216 | 216 | 2.15| 2.15| 2.15| 2.14| 214 | 2.14| 213| 213| 213 | 213| 212 212
42 215 | 214 | 214 | 214 | 213 | 213 | 243]| 212 | 212 | 212 | 212 | 211| 211 21i| 2.10
43 213 | 213 | 213 | 212| 212| 212 | 211| 211| 211| 210| 210| 210| 209 | 209 2.09
44 212 | 211 | 211 | 211| 2.10| 2.10| 2.10| 2.09| 2.09| 209| 209| 208| 208| 208 207

45 | 211] 210] 210| 2.09| 2.09| 2.09| 208| 208| 208 | 2.08| 2.07| 207| 207 | 2.06| 2.06

DR S O P REEEOM FER PEREN TN TPR 208 [ 207 | 207 | 207 | 207 | 206| 2.06| 206| 205| 205| 2.05
47 208 | 208 | 207| 207| 207| 206| 2.06] 206| 205| 205| 205| 204| 204 204| 2.04
48 207 | 206 | 2.06| 2.06| 205| 2.05| 2.05| 204| 204| 204| 203| 203| 203| 203| 202
49 206 | 2.05| 205| 205| 204| 204| 204]| 203| 203| 203| 202| 202| 202| 202 201
50 205 | 204 | 204| 203| 203| 203| 202] 202| 202| 202| 201| 201| 201 200| 200
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Table 1o. Critical Values, F_,, for F-test using two-tailed distribution for a Level of Significance, a = 0.01 (continued)

crit?

DEGREES OF FREEDOM FOR NUMERATOR

61 62 63 64 65 66 67 68 69 70 71 72 73 72 75
51 204 | 203| 203| 202| 202| 202| 201] 201] 201| 200| 200| 200| 200| 1.99| 1.99
52 203 | 202| 202| 201| 201| 201] 200] 200| 200| 1.909| 1.09| 1.99| 1.99| 1.98| 1.98
53 202 | 201 201| 200| 200| 200| 1.99| 1.99| 1.99| 1.99| 1.98| 1.98| 1.98| 1.97| 1.97
52 201 | 2.00| 200| 200| 1.99| 1.99| 1.99| 1.98| 1.98| 1.98| 1.97| 1.97| 1.97| 1.96| 1.96
55 200 | 1.99| 1.99| 1.99| 1.98| 1.98| 1.98| 1.97| 1.97| 1.97| 1.96| 1.96| 1.96| 1.96 | 1.95
56 109 | 1.99| 1.98| 1.98| 1.97| 197 | 1.97| 1.96| 1.96| 1.96| 1.06| 1.95| 1.95| 1.95| 1.94
57 108 | 1.98| 1.97| 1.97| 197 | 1.96| 1.96| 1.06| 1.05| 1.05| 1.05| 1.04| 1.94| 1.94| 1.94
58 107 | 1.97| 1.97| 1.96| 1.96| 1.95| 1.95| 1.05| 1.05| 1.04| 1.04| 1.94| 1.93| 1.93| 1.93
59 107 | 1.96| 1.96| 1.95| 1.95| 1.05| 1.04| 1.04| 1.04| 1.93| 1.93| 1.93| 1.93| 1.92| 1.02
60 106 | 1.95| 1.95| 1.95| 194 | 1.94| 1.94| 1.93| 1.93| 1.93| 1.92| 1.92| 1.92| 1.92| 1.01
61 105 | 1.95| 1.94| 1.94| 1.94| 1.93| 1.93| 1.93| 1.02| 1.92| 1.92| 191 | 1.91| 1.91| 1.01
62 104 | 1.94| 1.94| 193] 193] 193] 1.92| 1.92| 1.902| 1.901| 1.91| 1.91| 1.90| 1.90| 1.90
63 104 | 1.93| 1.93| 193] 1.92| 1.92| 1.92| 1.01| 1.01| 1.91| 1.90| 1.90| 1.90| 1.89| 1.89
64 103 | 1.93| 1.92| 1.92] 1.92| 1.91| 191 | 1.91| 1.00| 1.00| 1.00| 1.89| 1.89| 1.89| 1.8
65 102 | 1.92| 1.92| 1.91] 1.91] 1.91| 1.90| 1.00| 1.00| 1.89| 1.89| 1.89| 1.88| 1.88| 1.8
66 102 | 1.91| 1.91| 1.91] 1.90| 1.900| 1.00| 1.89| 1.89| 1.89| 1.88| 1.88| 1.88| 1.88| 1.87
67 101 | 1.91| 1.90| 1.90| 1.90| 1.89| 1.89| 1.89| 1.88| 1.88| 1.88| 1.87| 187 | 1.87| 1.87
68 101 | 1.90| 1.90| 1.90| 1.89| 1.89| 1.88| 1.88| 1.88| 1.88| 1.87| 1.87| 1.87| 1.86| 1.86
69 100 | 1.90| 1.89| 1.89| 1.89| 1.88| 1.88| 1.88| 1.87| 1.87| 1.87| 1.86| 1.86| 1.86| 1.86

70 | 190 189| 189 188| 1.88| 1.88| 187 | 187 | 187 | 1.86| 1.86| 1.86| 186| 185| 1.85

DEGREES O FREEHOM EOR PITENNAIPR 188 [ 187 | 187 | 187 | 1.86| 1.86| 1.86| 1.85| 1.85| 1.85| 1.84
72 189 | 1.88| 188 | 187 | 187 | 1.87| 1.86| 1.86| 1.86| 1.85| 1.85| 1.85| 1.84| 184 | 1.84
73 188 | 1.88| 187 | 187 | 187 | 1.86| 1.86| 1.86| 1.85| 1.85| 1.85| 1.84| 1.84| 184 | 1.83
72 188 | 1.87 | 1.87| 1.86| 1.86| 1.86| 1.85| 1.85| 1.85| 1.84| 1.84| 1.84| 1.83| 183 | 183
75 187 | 187 | 1.86| 1.86| 1.86| 1.85| 1.85| 1.85| 1.84| 1.84| 1.84| 183 | 1.83| 183 | 1.82
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Table 2a. Critical Values, t., using two-tailed distribution for the t-test for a Level of
Significance, a = 0.01
Critical Values, t_, for the t-test
Degrees of Freedom o =0.01 Degrees of Freedom o =0.01

1 63.657 21 2.831
2 9.925 22 2.819
3 5.841 23 2.807
4 4.604 24 2.797
5 4.032 25 2.787
6 3.707 26 2.779
7 3.499 27 2.771
8 3.355 28 2.763
9 3.250 29 2.756
10 3.169 30 2.750
11 3.106 31 2.744
12 3.055 32 2.738
13 3.012 33 2.733
14 2.977 34 2.728
15 2.947 35 2.723
16 2.921 36 2.719
17 2.898 37 2.715
18 2.878 38 2.711
19 2.861 39 2.707
20 2.845 40 2.704
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Table 2b. Critical Values, t_, using two-tailed distribution for the t-test for a Level of
Significance, a = 0.01 (continued)
Critical Values, t_, for the t-test
Degrees of Freedom o =0.01 Degrees of Freedom o =0.01

41 2.701 71 2.647
42 2.698 72 2.646
43 2.695 73 2.645
44 2.692 74 2.644
45 2.690 75 2.643
46 2.687 76 2.642
47 2.685 77 2.641
48 2.682 78 2.640
49 2.680 79 2.640
50 2.678 80 2.639
51 2.676 81 2.638
52 2.674 82 2.637
53 2.672 83 2.636
54 2.670 84 2.636
55 2.668 85 2.635
56 2.667 86 2.634
57 2.665 87 2.634
58 2.663 88 2.633
59 2.662 89 2.632
60 2.660 90 2.632
61 2.659 91 2.632
62 2.657 92 2.631
63 2.656 93 2.630
64 2.655 94 2.630
65 2.654 95 2.629
66 2.652 96 2.629
67 2.651 97 2.628
68 2.650 98 2.627
69 2.649 99 2.627
70 2.648 100 2.626




