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Appendix A 
In order to utilize the Contractor’s material test results for acceptance and payment, the Department 
must ensure that the Contractor’s results compare favorably with the Department’s test results for 
the same lot of material. This comparison for asphalt is made by use of the latest version of the CCD 
2000215 Excel file located on the Materials & Research Division’s Common Asphalt Files web site: 
http://www.ok.gov/odot/Doing_Business/Construction/Materials_&_Testing_e-
Guide/comm_asphss.html 
 
Statistical methods utilized in the Excel file and its rounding will govern. In general, computations will 
be shown to three decimal places though not typically rounded in the Excel file.  For the examples 
detailed herein, the numbers will be rounded to make intermediate steps more easily shown in the 
equations and tables in Appendix B-D. Refer to Appendix B for generic equation references in the 
sample data examples. Numbers in brackets [ ]’s, are values computed by the Excel file. 
 
A minimum of four test sets are required for the first comparison.  This initialization comparison for 
acceptance will use paired split t-tests to determine compliance and acceptance.  Ongoing 
comparisons will use F&t independent test comparisons. 
 
Sample AC data: 

Set  Lot / 
Sub-Lot 

AC 
Xd 

AC 
Xc 

1 1/1 4.1 4.2 

2 1/2 4.2 4.4 

3 1/3 4.1 4.3 

4 1/4 4.2 4.2 
 
While lot/sub-lot paired split samples as listed are typically used for QC/QA and PWL specifications, 
four standard 1,000 ton lots can be used as well.  Due to number of samples and therefore quantities 
needed for comparison, projects with QC/QA and PWL Special Provisions will be the best projects to 
consider as candidate projects to warrant the effort required to utilize this method. 
 
Initialization – Equations 1-4 
 
Equation 1 – Compute the mean (average) of the difference between paird tests: 

1. For each of the paired samples, compute the numerator first.   
a. Sum the difference for each Contractor test result for AC minus the Department’s test 

result for AC. 
2. Divide this sum by the number of paired sets which is 4 in this case. 

 
 𝑋𝑋�𝑝𝑝 =  0.500

4
 ≅ 0.125 

 
Equation 2 – Compute the standard deviation of the difference between paired tests: 

1. For each of the paired samples, compute the numerator first.   
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a. Sum the difference for each Contractor test result for AC minus the Department’s test 

result for AC minus the paired mean computed in equation 1. 
2. Divide this sum by the number of paired sets minus 1 to determine the denominator which is 

the degrees of freedom, 3 in this case. 
3. Take the square root of the result or raise that number to the 0.5 power. 

 

𝑆𝑆𝑝𝑝 =  �
0.028
4 −  1  ≅ 0.096 

 
Equation 3 – Compute the paired t-test statistic: 

1.  Substitute the values computed previously into equation 3 and solve. 
  
 𝑡𝑡𝑝𝑝 =  �√4 0.125

0.096
 � ≅ 2.611 [2.577] 

 
Equation 4 – Compute the critical or maximum allowable t-test result: 

1. Compute the degrees of freedom for paired tests. 
 
 𝐷𝐷𝑓𝑓 = 𝑛𝑛𝑝𝑝 − 1 =  4 − 1 = 3 
 

2. Compute t-critical: 
a.  Compute t-critical using the Excel formula for a two-tailed Student’s  

 t-distribution with a probability of 0.01. 
 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  T. INV. 2T�∝,𝐷𝐷𝑓𝑓� =  T. INV. 2T(0.01, 3) ≅ 5.841 
 

b. For estimation purposes, use table 1 in Appendix C to lookup t-critical for this case 
where degrees of freedom is 3. 
 

 
 
Accept Contractor’s Test Results Based on Initialization Results: 

1. If the paired t-statistic is less than or equal to t-critical, accept. 
 
𝑡𝑡𝑝𝑝 ≤  𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  2.611 [2.577] ≤  5.841 = TRUE  
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OnGoing – Equations 5-15 
 
Before the ongoing acceptance computations using F&t statistics can begin, the mixture sample sets 
that are compared must be selected.  These sets must be stratified randomly selected and 
independent.  Use the Random worksheet in the CCD 2000215 Excel file to pick random sets should 
the Residency (Department) lab tests a split sample where the Contractor tests the other half of the 
split sample.  It is critical that both test results are not selected as a set selected for this comparison. 
The Residency may also choose to not split samples with the Contractor for their ongoing stratified 
random test sets.  As a third option, some samples could be split and independent for some sets and 
some that are not split.  Roadway core tests are the exception where the Residency or Contractor 
may choose to share the cores if non-destructively tested by the Residency first.  
 
A minimum of 25% of the tests must be tested by the Residency. This means that for the average 
PWL lot size of 4 sublots, 4,000 tons, then one of the four 1,000 ton sublots are randomly selected.  
As explained earlier, this mixture sample can be split with the Contractor and not use the Contractor’s 
split sample result or choose to randomly sample and split the sample fully independent or mix the 
two methods of random selection and splitting option.   
 
The Residency should not inform the Contractor which of the four sets of tests will be picked and 
tested until tests are completed for the ongoing comparisons and all four sets are tested by the 
Contractor. Once the Residency receives all four test results, they should share their results with the 
Contractor within 48 working hours.  In the case of the initialization paired tests, share each test set 
within 48 working hours after receiving the sample. 
 
A minimum of three Residency test sets are required for the first ongoing analysis.  After initialization, 
randomly pick two of those four test sets for the Residency and select the other two for the Contractor 
test sets.  For the first ongoing comparison and others, for the Residency set of tests, add the two 
initialization test sets to one of four for the next set of four sublots for a total of two lots in the case of 
PWL for the first ongoing comparison. 
 
The random test sets and independent requirements for the ongoing comparisons for acceptance as 
explained above may seem complicated.  The sample AC data after the paragraph below shows how 
the independent and split method works which may be more easily understood for the first ongoing 
comparison. While you can enter all test results in the Excel file, you must add or remove the set 
numbers for the Residency and Contractor test sheets, RT and CT respectively. 
 
Before the project starts or shortly before lot production begins, the random set numbers are 
determined and with at least one chosen by the Residency for each lot.  These are shown below as 
marked out and set numbers set or not accordingly for these split samples though Residency sample 
can be independent after the initialization set.  The Residency will compute random samples from the 
sublots tested by the Contractor for on-going independent validations. 
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Sample AC data: 
 

  
 
 
Equation 5 – Compute the mean of the independent Contractor’s results: 

1. Sum the Contractor’s test sets selected and divide by the total number of selected Contractor 
tests to find the mean. 
 

𝑋𝑋�𝑐𝑐 =  
21.4

5 = 4.280 
 
Equation 6 – Compute the mean of the independent Department’s results: 

1. Sum the Department’s test sets selected and divide by the total number of selected 
Department tests to find the mean. 
 

𝑋𝑋�𝑑𝑑 =  
12.4

3 = 4.133 
 
Equation 7 – Compute the variance of the independent Contractor’s results: 

1. Compute the degrees of freedom for the Contractor tests. 
 
 𝐷𝐷𝑓𝑓 = 𝑛𝑛𝑐𝑐 − 1 =  5 − 1 = 4 
 

2. For each Contractor test result, subtract it from the average Contractor result and square the 
result.  After summing those results, divide it by the degrees of freedom for Contractor results. 
 

 𝑠𝑠𝑐𝑐2 =  0.028
4

 ≅ 0.007 
 

a. Sample variance can also be computed in Excel by: =VAR.S(4.4,4.3,4.2,4.3,4.2) 
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Equation 8 – Compute the variance of the independent Department’s results: 

1. Compute the degrees of freedom for the Department tests. 
 
 𝐷𝐷𝑓𝑓 = 𝑛𝑛𝑑𝑑 − 1 =  3 − 1 = 2 
 

2. For each Department test result, subtract it from the average Department result and square the 
result.  After summing those results, divide it by the degrees of freedom for Department 
results. 
 

 𝑠𝑠𝑑𝑑2 =  0.007
2

 ≅ 0.003 
 

a. Sample variance can also be computed in Excel by: =VAR.S(4.1,4.2,4.1) 
 
Equation 11 – Compute the f-statistic: 

1. Compare the variances determined by equations 7 and 8.  Divide the largest variance by the 
smallest variance to compute the f-statistic to determine if equation 9 or equation 10 governs. 

 

 𝑠𝑠𝑐𝑐2  >  𝑠𝑠𝑑𝑑2 = 0.007 > 0.003 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 ∴ 𝐹𝐹 = 0.007
0.003

≅ 2.100 
 

Equation 12 or 13 – Compute f-critical, the maximum allowable f-test result: 
1. If the Department’s variance is larger than the Contractor’s variance, use equation 12 to 

determine f-critical.  Otherwise, use equation 13. 
2. In this case, as shown previously, the Contractor’s variance is larger so equation 13 

governs.   
a. The degrees of freedom for the Contractor’s number of samples as previously 

computed was found to be 4. 
b. The degrees of freedom for the Department’s number of samples as previously 

computed was found to be 2. 
c. The probability associated with the two-tailed F cumulative  distribution, is 0.01. 

Probablility is divided by 2 due to Excel’s one tail formula. 
 

 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  F. INV. R �0.01
2

, 4, 2 � = 199.250 
  
d. For estimation purposes for this number of samples, use table 1 in Appendix D to 

lookup f-critical. 
i. Since Contractor results show the highest variance in this case, the degrees 

of freedom for the number of Contractor independent samples govern, 4.  
Pick column heading “4” as the numerator. 

ii. Consequently, the Department’s degrees of freedom in this first ongoing 
comparison was found to be 2.  Pick “2” as the row heading number. 

iii. The intersection of the column and row selected is the f-critical, 
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F-critical for this example’s asphalt cement data by table is 199.250, as expected. 
 
Equation 14 – Compute the pooled variance: 

1. Substitute values from previous computations into the equation. 
 

𝑠𝑠𝑝𝑝2 =  
0.007(5 − 1) +  0.003(3 − 1)

5 + 3 − 2  ≅ 0.006 

 
Equation 15 – Compute the t-statistic: 

1. Substitute values from previous computations into the equation. 
 

 

 𝑡𝑡 =  |4.280 − 4.133|

 �0.007
5  +  0.003

3

 ≅ 2.642  

 
Equation 16 – Compute t-critical: 

1. Degrees of freedom for this first set of independent samples is 6.  
 
  𝐷𝐷𝑓𝑓 = 𝑛𝑛𝑑𝑑 + 𝑛𝑛𝑐𝑐 − 2 = 5 + 3 − 2 = 6 
 

2. Compute t-critical: 
a.  Compute t-critical using the Excel formula for a two-tailed Student’s  

 t-distribution with a probability of 0.01. 
 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  T. INV. 2T�∝,𝐷𝐷𝑓𝑓� =  T. INV. 2T(0.01, 6) ≅ 3.707 
 

b. For estimation purposes, use table 1 in Appendix C to lookup t-critical for this case 
where degrees of freedom is 6. 
 

Page 6 of 14 
 



 
Construction Control Directive No. 20020215 February 29, 2016 

 

 
 
Accept Contractor’s Test Results Based on OnGoing Results: 

1. If the paired t-statistic is less than or equal to t-critical, accept. 
 
𝑡𝑡 ≤  𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  2.642 ≤  3.707 = TRUE  

 
Should this comparison fail, Contractor results cannot be accepted for the lot(s) compared for 
validation.  The cause for non-comparisons should be investigated. Until that cause is determined 
and this process is repeated, the Department’s results will be used for acceptance.   
 
Pay factor determinations are based on acceptance test results. Should the Contractor’s results be 
accepted, all four of the typically PWL test sets for one lot will be utilized in pay factor determinations.  
In other words, consider this as a go-no-go directive for acceptance only. 
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Appendix B 
 

 𝑋𝑋�𝑝𝑝 =  
∑ (𝑋𝑋𝑐𝑐− 𝑋𝑋𝑑𝑑)𝑛𝑛𝑝𝑝
𝑖𝑖=1

𝑛𝑛𝑝𝑝
 (eq. 1) 

Where: 

 𝑋𝑋�𝑝𝑝 = The mean (average) of the difference between paird tests; 

 𝑛𝑛𝑝𝑝 = Number of paired tests; 

 𝑋𝑋𝑐𝑐  = The Contractor’s individual test result for each sample; and 

 𝑋𝑋𝑑𝑑  = Department’s individual test result for each sample. 
 
 

    𝑆𝑆𝑝𝑝 =  �
∑ �𝑋𝑋𝑐𝑐− 𝑋𝑋𝑑𝑑− 𝑋𝑋�𝑝𝑝�

2𝑛𝑛𝑝𝑝
𝑖𝑖=1

𝑛𝑛𝑝𝑝 − 1
 (eq. 2) 

Where: 
 S𝑝𝑝  = The standard deviation of the difference between paired tests; and 

 𝑛𝑛𝑝𝑝 − 1 = Number of paired tests minus one, the Degrees of Freedom �𝐷𝐷𝑓𝑓�. 
 
 

    𝑡𝑡𝑝𝑝 =  ��𝑛𝑛𝑝𝑝  
𝑋𝑋�𝑝𝑝
𝑆𝑆𝑝𝑝
� (eq.3) 

 
Where: 
 t𝑝𝑝 = The paired t-test statistic. Note that | | is absolute the value operator.   

   e.g. |−1.321 | = 1.321. 
 
     𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  T. INV. 2T�∝,𝐷𝐷𝑓𝑓� (eq. 4) 
 
Where: 

 t𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = Critical or maximum allowable t-test result.  Two-tailed inverse of the Student’s t-
distribution by Excel formula.  See Appendix C table 1 for an esitmate by table;  

 ∝  = The probability associated with the two-tailed Student’s t-distribution, with a 
number between 0 and 1. A value of 0.01 is used; and 

 𝐷𝐷𝑓𝑓  = Degrees of Freedom for paired tests, �𝑛𝑛𝑝𝑝 −1�. 
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     𝑋𝑋�𝑐𝑐 =  
∑ 𝑋𝑋𝑐𝑐
𝑛𝑛𝑐𝑐
𝑖𝑖=1
𝑛𝑛𝑐𝑐

 (eq. 5) 

Where: 

 𝑋𝑋�𝑐𝑐  = The mean of the independent Contractor’s results; 

 𝑋𝑋𝑐𝑐 = Individual Contractor result; and 

 𝑛𝑛𝑐𝑐  = The number of independent Contractor results. 
 
 

     𝑋𝑋�𝑑𝑑 =  
∑ 𝑋𝑋𝑑𝑑
𝑛𝑛𝑑𝑑
𝑖𝑖=1
𝑛𝑛𝑑𝑑

 (eq. 6) 

Where: 

 𝑋𝑋�𝑑𝑑 = The mean of the independent Department’s results; 

 𝑋𝑋𝑑𝑑 = Individual Department result; and 

 𝑛𝑛𝑑𝑑  = The number of independent Department results. 
 
 

     𝑠𝑠𝑐𝑐2 =  
∑ (𝑋𝑋�𝑐𝑐− 𝑋𝑋𝑐𝑐)2𝑛𝑛𝑐𝑐
𝑖𝑖=1

𝑛𝑛𝑐𝑐−1
 (eq. 7) 

Where: 

 𝑠𝑠𝑐𝑐2  = The variance of the independent Contractor’s results; and 

 𝑛𝑛𝑐𝑐 − 1 = Degrees of Freedom of independent Contractor results. 
 
 
 

     𝑠𝑠𝑑𝑑2 =  
∑ (𝑋𝑋�𝑑𝑑− 𝑋𝑋𝑑𝑑)2𝑛𝑛𝑑𝑑
𝑖𝑖=1

𝑛𝑛𝑑𝑑−1
 (eq. 8) 

Where: 

 𝑠𝑠𝑑𝑑2  = The variance of the independent Department’s results (square of the sample 
standard deviation); and 

 𝑛𝑛𝑑𝑑 − 1 = Degrees of Freedom of independent Department results. 
 
 

     𝐹𝐹𝑐𝑐
𝑑𝑑

=  𝑠𝑠𝑐𝑐
2

𝑠𝑠𝑑𝑑
2 (eq. 9) 

Where: 
 𝐹𝐹𝑐𝑐

𝑑𝑑
 = F-statistic when Contractor variance is greater than Department variance. 
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     𝐹𝐹𝑑𝑑
𝑐𝑐

=  𝑠𝑠𝑑𝑑
2

𝑠𝑠𝑐𝑐2
 (eq. 10) 

Where: 
 𝐹𝐹𝑑𝑑

𝑐𝑐
 = F-statistic when Department variance is greater than Contractor variance. 

 
 
     𝐹𝐹 =  𝐹𝐹𝑐𝑐

𝑑𝑑
 𝑜𝑜𝑜𝑜 𝐹𝐹𝑑𝑑

𝑐𝑐
 (eq. 11) 

Where: 
 𝐹𝐹 = Value of the F-statistic based on the ratio of variances where the variance value in the 

numerator is larger than the variance in the denominator. 
 
 

   𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  F. INV. R �∝
2

,   𝑛𝑛𝑑𝑑 − 1,𝑛𝑛𝑐𝑐 − 1 � (eq. 12) 

Where: 
 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = Critical or maximum allowable f-test result.  Two-tailed F cumulative distribution by 

Excel formula.  See Appendix D for an esitmate by table. Note that nd -1 is used 
first if the Deparment variance is higher than Contractor variance. Otherwise, 
replace nd with nc and vice-versa in this equation as shown in equation 13. 

 

   𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  F. INV. R �∝
2

,   𝑛𝑛𝑐𝑐 − 1,𝑛𝑛𝑑𝑑 − 1 � (eq. 13) 

 
 

     𝑠𝑠𝑝𝑝2 =  𝑠𝑠𝑐𝑐
2(𝑛𝑛𝑐𝑐−1)+ 𝑠𝑠𝑑𝑑

2(𝑛𝑛𝑑𝑑−1)
𝑛𝑛𝑐𝑐 + 𝑛𝑛𝑑𝑑−2

 (eq. 14) 

Where: 

 𝑠𝑠𝑝𝑝2 = The pooled variance. 
 
 

     𝑡𝑡 =  |𝑋𝑋�𝑐𝑐− 𝑋𝑋�𝑑𝑑|

 �
𝑠𝑠𝑝𝑝2

𝑛𝑛𝑐𝑐
 +  

𝑠𝑠𝑝𝑝2

𝑛𝑛𝑑𝑑

  (eq. 15) 

 
Where: 
 𝑡𝑡 = The t-statistic. 
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     𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  T. INV. 2T�∝,𝐷𝐷𝑓𝑓� (eq. 16) 
 
Where: 

 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = Critical or maximum allowable t-test result.  Two-tailed inverse of the Student’s t-
distribution by Excel formula.  See Appendix C for an esitmate by table; and 

 𝐷𝐷𝑓𝑓  = Degrees of Freedom for independent Department and Contractor tests, �𝑛𝑛𝑑𝑑 +
𝑛𝑛𝑐𝑐−2�. 
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Appendix C 

 
 Table 1 
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Appendix D 

 
 Table 1 
 

 
 Table 2 
  

 
 Table 3 
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 Table 5 
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