Loceal Aidl

and Economic Development

Guidance Document on Calculating the Reduction in Payment for

Nonconformance of Air Voids Requirements as per 401.03.07.H. “Hot Mix
Asphalt (HMA) Courses, Air Void Requirements” of the Standard
Specification for Road and Bridge Construction 2019 in conjunction with

the FY 2019 Special Provisions for State Aid Projects

For any project that uses Hot Mix Asphalt, you will need to calculate a reduction in payment for
nonconformance to air void requirements. This document will serve as a guide on how to calculate the
reduction in payment for noncompliance with air voids requirements per section 401.03.07.H. “Hot Mix
Asphalt (HMA) Courses, Air Void Requirements” in conjunction with the FY 2019 Special Provisions for
State Aid Projects.

You will be given data for the air voids percent of the tested cores for the asphalt installed on your project
from the DS-8S form “HMA Testing Summary Report — State Aid” (Example of the DS-8S form on page
16.) We will take this data and analyze it statistically. The first four pages of this document will
summarize the steps of this process. The remaining pages of this document, with the exception of
references, will examine how to perform each step in the process in-depth with an example.

The first step is to calculate the sample mean (X) and standard deviation (S) from the air voids
percentage (X) from the number of cores (N) data set. Xy in this calculation is the air voids percentage of
the Nth core. The calculation for doing such is found in 401.03.07.H.1.

Sample Mean (X) and Standard Deviation (S) of the N Test Results (X1, Xa,..., Xx).

_{}Ll +K3+"'+}LN}

X N

g =

X, — %)% + (X, —F)* + -+ (Xy — D)2
..Jl N—1
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The second step is to calculate the quality index (Q) of the air voids data. Per 401.03.07.H, two percent
to eight percent is the acceptable range of air voids. Q. and Qu will represent the lower and upper bounds
for the acceptable range within the distribution of your air voids data. The Quality Index is a measure of
how many standard deviations away from the sample mean the acceptable range of air voids is. [If you’re
familiar with statistics, you’ll notice the similarities with calculating a Z score.]

Quality Index (Q).

X—20
QL. =( c J

(8.0 —X)
Q=g

The third step is to calculate the Percent Defective (PD) of the air voids data.
PD = PDL+ PDu

PD. and PDy correspond with Q. and Qu respectively. PD, and PDy are found by looking up the values in
the “NJDOT ST — Statistical Tables” section starting on page 574 of the Standard Specification for Road
and Bridge Construction 2019. These tables are an estimation of percent defective for sample sizes of
data. For example, “Table ST-5 Estimation of Lot Percent Defective for Sample Size 5 is made for a
sample size of five pavement cores. On the leftmost column of the table, you will match up the ones and
tenths place of your Q value. Then using the “Q*” row, you will pick out the hundredths place of your Q
value. The PD corresponding to your Q value is the intersection of the column and row of your Q value.
Lastly, you add up the PD.and PDy you’ve looked up on the Statistical Tables to get your total PD.

Retest. If the initial series of 5 cores produces a percent defective value of PD greater than or equal to 30,
the Contractor may elect to take an additional set of 5 cores at random locations chosen by the ME (the
Department’s Manager of the Bureau of Materials, or the Department’s Regional Materials Engineer and
their designated representatives). Take the additional cores within 15 days of receipt of the initial core
results. If the additional cores are not taken within the 15 days, you will use the initial core results to
determine the reduction in payment for nonconformance to air voids requirements. If the additional cores
are taken, then you will recalculate the reduction in payment using the combined results from the 10
cores.

The fourth step is to check whether there is an outlier in your data set. Per 401.03.07.H.5, you will not
screen for outliers if the PD < 10. If PD > 10, the following procedure will determine if the outlier is
statistically significant.

1. Arrange the core results in in ascending order, in which X; represents the smallest value and Xy
represents the largest value.
2. If Xy is suspected of being an outlier, calculate:
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R = Xy
Xy — Xy

3. If Xy is suspected of being an outlier, calculate:

XZ _Xl

R=_2_1
Ay — X4

4. For N=5:if R >0.642, the value is judged to be statistically significant and the core is excluded.
For N = 10: if R > 0.412, the value is judged to be statistically significant and the core is
excluded.

If an outlier is detected for a test of 5 cores and no retest is warranted, the Contractor may replace that
core by taking an additional core at the same offset and within 5 feet of the original station. If an outlier is
detected and a retest is justified, take a replacement core for the outlier at the same time as the 5
additional retest cores are taken. If the outlier replacement core is not taken within 15 days, you will use
the initial core results to determine the reduction in payment.

If an outlier is detected for N = 10, the Contractor may replace that core by taking an additional core at
the same offset and within 5 feet of the original station. If the outlier replacement core is not taken within
15 days, you will use the initial core results to determine the reduction in payment.

The fifth and final step is to lookup the reduction in payment for nonconformance to air void
requirements for the HMA using the PD. You will need to use “Table 401.03.07- Reduction in Payment
for Nonconformance to Air Void Requirements” provided in the FY 2019 Special Provisions for State
Aid Projects and copied below.

Table 401.03.07-3
Reduction in Payment for Nonconformance to Air Void Requirements

Percent Defective (PD) Per Lot Reduction Per Lot (%)

0<PD<15 0

15<PD <30 0.5
30<PD <35 2

35<PD <40 10
40 <PD <45 15
45<PD <50 20
50 <PD <60 30
60<PD<75 45

PD > 75 Remove & Replace
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Categorize your PD of air void percentage value in the left column accordingly and remember this row.
Pick out the Reduction Per Lot in the second column which corresponds to the row of your PD value. The
value in the second column is the reduction in percentage that will be reduced on the cost of the pay item
for the hot mix asphalt that was tested in this coring sample.

What is the difference between this method and the method Local Aid has been using since 2011?
The method established in the Special Provisions for State Aid projects 2011 utilizes the sample mean of
the cores tested. How much this sample mean varied from the acceptable range of 2.0% - 8.0% air voids
was used as the basis to determine a reduction in payment percentage. Different tiers of nonconformity
from the acceptable range determined the reduction in payment, which consisted of higher penalties for a
higher degree of nonconformity. This is a measure of how badly the sample mean violates the acceptable
range. This does not take into account the quantity of the HMA that is nonconforming or defective, but
only the average.

The method from the Standard Specification for Road and Bridge Construction 2019 is based on
statistical analysis to produce a percentage amount of the lot that is nonconforming with the acceptable
range, which is called percent defective (PD). The reduction in payment percentage is based on different
tiers of how high the percent defective amount is, or how much of the HMA lot falls outside the
acceptable range of air voids requirements. In short, this method is a measure of how much HMA does
not conform to the acceptable range of air voids percentage 2% - 8%. This is a measure of the quantity of
unacceptable HMA on the lot being tested. This does not take into account tiers of how badly the
defective HMA is, but only counts defective HMA as simply defective.

The 2011 method tests for how high the nonconformity of the sample mean deviates from the acceptable
range, whereas the 2019 method tests for how much of the HMA is actually nonconforming to air voids
requirements.

Air voids percentage is a measure of how well the HMA is compacted. The longevity of HMA is reliant
on how well the HMA is compacted. More voids means the HMA is more permeable, which translates to
more air and water seeping into the HMA. More water seeping into those voids means that the water will
cause more cracks and fractures at a faster rate, when the water expands and contracts due to seasonal
weather changes. As a general rule-of-thumb, pavement life is reduced by about 10% for each 1%
increase in air voids (Linden et al., 1 [1]).

The rest of this document, except for references, is dedicated to step by step instructions on how to
complete a statistical analysis of a five-cylinder test, calculating the percent defective, and establishing
the correct reduction in pay per line item of HMA.
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Example of Step 1

Determine the sample mean and standard deviation for a given set of data.

Coring Samples: | Core #1 Core #2 Core #3 Core #4 Core #5

% Air Voids 7.9 5.9 7.8 7.9 10.1

Sample Mean (X) and Standard Deviation (S) of the N Test Results (X1, Xa....

(X) Sample Mean

(S) Standard Deviation 7 X +X; 4+ +Xy)
N

(X) Air Voids Percentage

(N) The number of cores =5 ' _ _ _
06 = K2+ (6, )2+ -+ (O~

g =
.J N-1
_ 79+59+78+79+10.1
X = =7.92
5
S | (7.9-7.92)> + (5.9-7.92)? + (7.8-7.92) + (7.9-7.92)* + (10.1-7.92)?
o 5-1
S — (-0.02)2 + (-2.02)2 + (-0.12)% + (-0.02)> + (2.18)?
4

(0.0004) + (4.0804) + (0.0144) + (0.0004) + (4.7524)

4
8.848
4
,“ 2

=1.487279

Conclusion: The sample mean is 7.92 and the standard deviation is 1.487279.

Wn
Il

Wn
Il

What this number means as real world results: When the data set is analyzed, the average amount of
air voids in the hot mix asphalt lot is 7.92% with a standard deviation of 1.487279%. Sixty-eight percent
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of the hot mix asphalt lot tested has between 7.92% + 1.487279% air voids. Ninety-five percent of the hot
mix asphalt lot tested has between 7.92% + 2.974558% air voids. Ninety-nine and seven tenths percent of
the hot mix asphalt lot tested has between 7.92% + 4.461837% air voids.

The central limit theorem of statistics teaches that taking a random sample of a data set of a random and
independent variable will tend toward a normal distribution or bell curve, even if the original variable is
itself not normally distributed (Watkins, 193-196 [2]). This allows us to use a normal distribution to
analyze our random sample data set [asphalt coring data] for a random and independent variable [air voids
percentage] and draw conclusions about the HMA the coring is from. A normal curve is more commonly
referred to as a bell curve, and one is pictured below.

13.6% N2 170
1.5%

X+S X+2S X+3S

The empirical rule of statistics states that nearly all the data of a normal distribution falls within three
standard deviations above and below the mean in a normal distribution. More specifically: 68% of the
data set is one standard deviation above and below the mean; 95% of the data set is two standard
deviations above and below the mean; and 99.7% of the data set is three standard deviations above and
below the mean (Spiegel and Stephens, 98-99 [3]). This is broken up incrementally on the graph above.
On Graph Example 1 below, we see what the normal distribution looks like for our data set:
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Graph Example 1
Normal Distribution for data set: {7.9%, 5.9%, 7.8%, 7.9%, 10.1%}

X =7.92%
S = 1.49%

34.1% | 34.1%
0
2.1% 43 6% 13.6% N2 1%
1.5%_ g : g _1.5%
3.45% 4.94% 6.43% 7.92% 9.41% 10.90% 12.39%
Percent Aid Voids

Per 401.03.07.H, 2.0% - 8.0% is the acceptable range of air voids. We can see that 8.0% is slightly greater
than our sample mean of 7.92%, and we see that 2% is virtually the left corner of the bell curve. Using the
empirical rule of statistics, we can estimate that a little more than 50% of our data set is within the
acceptable range. A little less than 50% of our data is outside of the acceptable range or the percent
defective of our data is a little less than 50% of the data set. We will calculate exactly how much of our
data is outside of the acceptable range in step 3. However, this gives us an intuition on what our percent

defective should be in step 3.

Graph Example 2
Normal Distribution for data set: {7.9%, 5.9%, 7.8%, 7.9%, 10.1%}

Acceptable Range of Air Voids %:
2% - 8%

All data outside the
acceptable range of air voids

S

e i

-3 70

X =7.92%
S = 1.49%

136%

i 1.5%

2% 3 459, 4.94% 6.43%

F.92%

9.41% 10.90% 12.39%

Percent Aid Voids
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Example of Step 2

Determine Q. and Qu from a given sample mean and standard deviation.

X Sample Mean = 7.92

S Standard Deviation = 1.487279
(E —2.0)
“W="5—

_(8.0-X)
T 5

QL
Qu

_(7.92-2.0)

=3.98
1.487279

_ (8.0-7.92) _ 0.05
1.487279

New Jersey Department of Transportation
Division of local Aid and Economic Development

Calculating the Reduction in Payment for Nonconformance of Air Voids Requirements Page 8 of 18




Example of Step 3: How to Read and Interpret the Statistical Tables
Determine the PD. & PDy for a given a Q. and Qu.

QL=3.98
Qu=0.05

As an example of how to use the Statistical Tables, let’s find the PD. & PDy of a Q. =3.98 and a

Qu =0.05 in a data set with 5 cores. In the “NJDOT ST — Statistical Tables” section, we find the
appropriate table for our sample size of 5 is “Table ST-5 Estimation of Lot Percent Defective for Sample
Size 5”. We’ll start by finding PDy of Qu = 0.05 first.

Ones Tenths Hundredths
Place Place  Place

0.05

The ones place value is 0. The tenths place value is 0. The hundredths place value is 5. Now we will look
at the column under Q" and find the amount equal to our ones place and tenths place of our Qu.

Table ST-5 Estimation of Lot Percent Defective for Sample Size 5

Q! 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
w 50.00 49.64 49.29 48.03 48.58 48.22 4786 4751 47.15 46.80
0.1 46.44 46.09 45.73 4538 45.02 44.67 4431 4396 43.60 43.25
0.2 4290 42.54 42.19 41.84 41.48 41.13 40.78 4043 40.08 39.72
0.3 3937 39.02 38.67 38.32 37.97 37.62 37.28 36.93 36.58 36.23
0.4 35.88 3554 35.19 34.85 34.50 34.16 3381 3347 33.12 3278
0.5 324 3210 31.76 3142 31.08 30.74 3040 30.06 2073 2039
0.6 2005 2872 28.39 28.05 27172 2739 27.06 26.73 26.40 26.07
0.7 2574 2541 2500 2476 2444 2411 2379 2347 2315 2283
0.8 2251 2219 21.87 21.56 21.24 20.93 20.62 20.31 20.00 19.69
0.9 10.38 19.07 18.77 18.46 18.16 17.86 17.55 17.25 16.96 16.66
1.0 16.36 16.07 15.78 1548 15.19 1491 14.62 14.33 14.05 13.76
11 13.48 1320 1293 12.65 12.37 12.10 11.83 11.56 11.29 11.02
1.2 10.76 10.50 1023 9.97 9.72 9.46 921 8.96 8.7 8.46
13 L | 797 173 749 7.25 7.02 6.79 6.56 6.33 6.10
1.4 588 5.66 54 523 5.02 481 4.60 439 4.19 399
1.5 3.80 3.61 342 323 3.05 287 2.69 252 235 219
1.6 2.03 1.87 1.72 1.57 1.42 1.28 115 1.02 0.89 0.77
1.7 0.66 0.55 0.45 0.36 0.27 0.12 0.12 0.06 0.02 0.00

1.  Numbers in the body of the table are estimates of lot percent defective corresponding to specific values of “(Q).” the Quality Index.
For values of “Q” greater than or equal to zero, the estimate of percent defective is read directly from the table. For values of “Q”
less than zero, the table value must be subtracted from 100

Now we will look at the top row of Q* and find the amount equal to our hundredths place of our Qu.
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Table ST-5 Estimation of Lot Percent Defective for Sample Size 5

QL 0.00 0.01 0.02 0.03 0.04 fo0.058 0.06 0.07 0.08 0.09
0.0 50.00 49.64 4929 48.03 48.58 48.22 47.86 47.51 47.15 46.80
0.1 46.44 46.09 4573 4538 45.02 44.67 4431 43.96 43.60 4325
02 42.90 42.54 42.19 41.84 41.48 41.13 40.78 40.43 40.08 39.72
03 3037 39.02 38.67 38.32 37.97 37.62 37.28 36.03 36.58 36.23
0.4 35.88 3554 35.19 3485 3450 3416 3381 3347 3312 3278
0.5 32.44 3210 3176 31.42 31.08 30.74 30.40 30.06 29.73 2030
0.6 2005 28.72 28.39 28.05 27.72 27.39 27.06 26.73 26.40 26.07
0.7 25.74 2541 25.09 24.76 2444 24.11 23.79 23.47 23.15 2283
038 2251 22.19 21.87 21.56 21.24 20.93 20.62 2031 20.00 19.69
0.9 1938 19.07 18.77 18.46 18.16 17.86 17.55 17.25 16.96 16.66
1.0 16.36 16.07 15.78 15.48 15.19 14.91 14.62 14.33 14.05 13.76
11 1348 13.20 12.03 12.65 12.37 12.10 11.83 11.56 11.29 11.02
12 10.76 10.50 10.23 0.97 272 046 921 8.06 8.71 8.46
13 821 7.97 7.73 7.49 7.25 7.02 6.79 6.56 6.33 6.10
14 588 5.66 544 523 5.02 481 4.60 4.39 4.19 399
1.5 3.80 3.61 342 3.23 3.05 2.87 2.69 252 2.35 2.19
1.6 2.03 1.87 1.72 1.57 1.42 1.28 1.15 102 0.89 0.77
1.7 0.66 0.55 0.45 0.36 0.27 0.19 0.12 0.06 0.02 0.00

1. Numbers in the body of the table are estimates of lot percent defective comresponding to specific values of “().” the Quality Index.
For values of ()™ greater than or equal to zero. the estimate of percent defective is read directly from the table. For values of “Q™
less than zero. the table value must be subtracted from 100.

Now we must find the intersection of the row of the ones and tenths place of our Qu with the column of

the hundredths place of our Qu. The value at the intersection will be the PDy value. This process looks
like this:

Table ST-5 Estimation of Lot Percent Defective for Sample Size 5

Q! 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
[0.0 50.00 49.64 49.29 48.03 48.58 48.22 4786 4751 47.15 46.80
0.1 46.44 46.00 45.73 4538 45.02 44.67 4431 4396 43.60 43.25
0.2 4290 42.54 4219 41.84 41.48 41.13 40.78 4043 40.08 3972
0.3 3937 39.02 38.67 38.32 3797 37.62 37.28 36.93 36.58 36.23
0.4 35.88 3554 35.19 34.85 34.50 34.16 3381 3347 3312 3278
0.5 324 3210 31.76 3142 31.08 30.74 3040 30.06 2073 2039
0.6 2005 2872 2839 28.05 27172 2739 27.06 26.73 26.40 26.07
0.7 2574 254 2500 2476 2444 2411 2379 2347 2315 2283
0.8 2251 2219 2187 21.56 21.24 20.93 20.62 20.31 20.00 19.69
0.9 10.38 19.07 18.77 18.46 18.16 17.86 17.55 17.25 16.96 16.66
1.0 16.36 16.07 15.78 1548 15.19 1491 14.62 14.33 14.05 13.76
11 13.48 1320 1293 12.65 1237 12.10 11.83 11.56 11.29 11.02
1.2 10.76 10.50 1023 9.97 9.72 9.46 921 8.96 871 846
13 L | 797 173 749 7.25 7.02 6.79 6.56 6.33 6.10
1.4 588 5.66 54 523 5.02 481 4.60 439 4.19 399
1.5 3.80 3.61 342 323 3.05 287 2.69 252 235 219
1.6 2.03 1.87 1.72 1.57 1.42 1.28 115 1.02 0.89 0.77
1.7 0.66 0.55 0.45 0.36 0.27 0.19 0.12 0.06 0.02 0.00

1.  Numbers in the body of the table are estimates of lot percent defective corresponding to specific values of “(Q).” the Quality Index.
For values of “Q” greater than or equal to zero, the estimate of percent defective is read directly from the table. For values of Q™
less than zero, the table value must be subtracted from 100

PDy =48.22
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Next we move on to find Q.

Once again, we move find the ones place and the tens place of our Q. value on “Table ST-5 Estimation of
Lot Percent Defective for Sample Size 5”. Now we notice that the maximum Q value listed on Table ST-5
gives is 1.79, which corresponds to a PD value of 0.00. Any Q value greater than 1.79 on a sample of 5
cores will yield a PD value of 0.00. As the trend in the table shows: as the Q values increase, the PD value
decreases.

PDL =0.00

Now we can solve for the total PD.
PD =PD.+ PDy
PD = 0.0 +48.22 =48.22

What this number means as real world results: Based on analyzing the coring data statistically,
48.22% of the HMA in the tested lot falls outside the acceptable range of 2.0% — 8.0% air voids. 48.22%
percent of the HMA lot the coring comes from is defective. (The contractor can elect for a retest with five
additional pavement cores, since the PD is above 30% as per 401.03.07.H.6.)

Based on the distribution and statistics we calculated in Step 1, this PD makes sense. Using the central
limit theorem and empirical rule, we concluded that a little less than 50% of the data set would fall
outside the acceptable range and be defective. Graph Example 2 is repeated here to illustrate this point.

Graph Example 2
Normal Distribution for data set: {7.9%, 5.9%, 7.8%, 7.9%, 10.1%}

Acceptable Range of Air Voids %: _ 8%
2% - 8% et

| X =7.92%
All data outside the

acceptable range of air voids A= = S=1.49%

2.1%

136%

g

= 1.5%

6.43% 7.92% 9.41% 10.90% 12.39%
Percent Aid Voids

sgiogapess

2% 3 459, 4.949%,
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As another exercise, let’s try repeating this step for a negative Q value. What is the PD for Q = -0.26?

Table ST-5 Estimation of Lot Percent Defective for Sample Size 5

Q! 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 50.00 40.64 4029 4803 48.58 48122 47.86 4751 4715 46.80
0.1 46.44 46.00 45.73 4538 45.02 44.67 4431 43.96 43.60 43.25
I(}.l 4290 42.54 4219 41.84 41.48 41.13 40.78 4043 40.08 3972 I
0.3 3937 3902 38.07 3832 3799 3762 3728 3693 36.58 3623
0.4 35.88 3554 3519 3485 34.50 3416 3381 3347 3312 3278
0.5 3244 32.10 3176 3142 31.08 30.74 3040 30.06 2073 2939
0.6 2005 28.72 2839 28.05 2772 27.39 27.00 26.73 2640 26.07
0.7 2574 2541 2500 24.76 2444 2411 23.79 2347 2315 2283
0.8 2251 22,19 21.87 21.56 21.24 2093 20062 2031 20.00 19.69
0.9 1938 19.07 18.77 18.46 18.16 17.86 17.55 1725 16.96 16.66
1.0 16.36 16.07 15.78 1548 15.19 1421 14.62 1433 14.05 13.76
1.1 13.48 1320 1293 12.65 12.37 12.10 11.83 11.56 11.29 11.02
1.2 10.76 10,50 10.23 097 272 046 021 8.96 8.7 846
1.3 821 7.97 173 749 7.25 7.02 6.79 6.56 6.33 6.10
1.4 588 5.66 544 523 5.02 481 4.60 439 4.19 399
1.5 3.80 361 3.42 323 3.05 287 2.69 252 235 219
L& 203 1.87 1.72 1.57 1.42 128 115 1.02 0.89 0.77
1.7 0.66 0.55 0.45 0.36 0.27 019 0.12 0.06 0.02 0.00

1. Numbers in the body of the table are estimates of lot percent defective comresponding to specific values of “Q).” the Quality Index.
For values of “Q)” greater than or equal to zero, the estimate of percent defective is read directly from the table. For values of “Q”
less than zero. the table value mmist be subtracted from 100.

There is a note at the bottom of the table explaining how to use the table for negative Q values. To get the
proper PD value, look up your Q value as if it’s a positive number. Then subtract that positive Q value
from one hundred. The difference of that subtraction is the PD value for your original negative Q value.

Q =-0.26. The positive version of -0.26 is 0.26. We look up the value of Q = 0.26 and find that it is
40.78.

We subtract 40.78 from one hundred to get: 100 — 40.78 = 59.22. This is our PD value.
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Example of Step 4
Calculate the Payment Reduction Percentage for a given set of data and line item price.

Percent Defective (PD) = 48.22
One lot of 9.5M64 Surface Course Asphalt line item total = $50,000.00

We must refer to table “Table 401.03.07-3 PPA for Mainline lots and Ramp Lots” provided in the FY
2019 Special Provisions for State Aid Projects.

Table 401.03.07-3
Reduction in Payment for Nonconformance to Air Void
Requirements

Percent Defective (PD) Per Lot Reduction Per Lot (%)

0<PD<I15 0

15<PD <30 0.5
30<PD <35 2

35<PD <40 10
40 <PD <45 15
45 <PD <50 20
50 <PD <60 30
60 <PD <75 45

PD > 75 Remove & Replace

Our PD value is 48.22, which puts our testing lot in the sixth row. In the second column, we can see the
percentage reduction for the sixth row is 20. The reduction in the amount of the hot mix asphalt line item
corresponding to the HMA lot that was tested in this coring sample is 20%. This means that the amount of
money that is reimbursable by the grant administered by the New Jersey Department of Transportation for
the 9.5M64 Surface Course Asphalt line item is $50,000.00 — ($50,000.00 x 0.20) = $40,000.00. The
grant award amount for the HMA line item has decreased by $10,000.00
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Comparison to 2011 Method of Reduction of Payment:
The table used for calculating the reduction of payment from the 2011 edition of the Special Provisions
for State Aid Projects is supplied below.

Table 401.03.03-3 Reduction for Nonconformance to Air Voids Requirements
Lot Average Air Void Value Reduction Per Lot
(Five Samples) (Percent of Lot)
0.0to 1.9 10
2.0t0 8.0 0
8.1t09.0 5
9.1t010.0 15
10.1to 12.0 30
Over 12.0 Remove & Replace

Our parameters are percent defective (PD) = 48.22 and sample mean (X) = 7.92% air voids.

With the 2019 edition of the Special Provisions for State Aid Projects method, we found that 48.22% of
the HMA does not meet the acceptable range of air void percentage, which resulted in a penalty of 20%.

The method used by the 2011 edition of the Special Provisions for State Aid Projects only looks at the
sample mean of the coring samples. In this case, the sample mean falls within the acceptable range of
2.0% - 8.0%, and no payment reduction is needed.

This is an example of how much the method used by the 2011 edition and the 2019 edition of the Special
Provisions for State Aid Projects differs. With the 2011 edition method, no payment reduction would be
rendered because the sample mean falls within the acceptable range, despite 48.22% of the pavement lot
exceeding the air voids requirement. Using the 2019 method, a penalty of 20% in the reduction of the pay
item is rendered by 48.22% of the pavement being defective.
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Example of Step 5
Determine if there are any outliers in a given data set.

Coring Samples: | Core #1 Core #2 Core #3 Core #4 Core #5
% Air Voids 7.9 5.9 7.8 7.9 10.1
PD =48.22

Per 401.03.07.H.5, you will not screen for outliers when the PD < 10. Our PD is greater than 10, so we

must proceed. Let’s begin the procedure as described per 401.03.07.H.5:

1. Arrange the core results in in ascending order, in which X, represents the small
represents the largest value.

est value and Xn

Coring Samples: | X1 X2 X3 X4 Xs
% Air Voids 5.9 7.8 7.8 7.9 10.1
2.

If X is suspected of being an outlier, calculate:

R = Xy
Xy — Xy

In our case, Xn = X5=10.1; Xn-1) = X4 =7.9; and X; =5.9. Our R calculation is:

~10.1-79 2.2

©10.1-5.9 4.2
If X is suspected of being an outlier, calculate:

=0.5238

Xz _ Xl
Xn — X4
In our case, Xn = X5=10.1; X,=7.8; and X1 =5.9. Our R calculation is:

78-59 1.9
©10.1-5.9 4.2

=0.4524

For N = 5if R > 0.642, the value is judged to be statistically significant and the core is excluded.

For N = 10 if R > 0.412, the value is judged to be statistically significant and the core is excluded.

We investigated the largest and smallest values in the data set. In both instances, our R values were

less than 0.642. Therefore our data set contains no outliers.
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Form DS-8S Example

New Jersey Department of Transportation
Local Aid Projects|

HNMA Testing Summary Report — State Aid

Diata

Project:

Miomicipality:

Conmty-

Suppl'_'-er (Mame & Plant):

Confractor:

i IDVSenal #:

Lot Size: Tons:

Date Samples Taken At
Flant:

Analysis of Bituminous Concrete Lot #

Sample #

Date Sampled:
Denzity (% of
Theoretical M
Spectfic Gravity):

Mimn:

BRequired Density:
Max:

WVioids in Mineral
Azerapate (WVIVA) Y%
(i

Howunal Mas

Aszsragate Sizs (mm):

VMA Nominal Max

Agoregate Size Tolerance:

Drust-to-Binder Batio: Min:

Allowable Range:
Max:

Thicknass: Mim:

Allowable Rnnge‘:
Max:

Asphalt Content by
Izmition Chran:

Mim:

Allowable Range:
Max:

Diate Cores Taken m the Field:

List of Core Locations and Offsats (if applicable):

Panaltv Caleulations (attach zdditional sheets if necaz=

ary):

Complied (Y/N) Penalty (34) VA

Adr Voids:

Thickness:

Mame and Address of Testing Laboratory:

Diate of AASHTO Accreditation: Date of AASHTO Inspection

Acephalt Teckmologist:

7
!
g

{Sigrenure) - Asphalt Technologist must be certified by the Society of Asphalt
Techrologists af New Jersey ar an Asphall Techmelogist, Level 2.

Stenaiure - Cownty Municipal Engineer
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Certificate of Compliance Form Example

Project:

Municipality:

County:

Contractor:

Supplier (Name &
Plant):

Material Description:

Material Quantity:

Date of Shipment:

Shipment Identifier:
(such as label marking

or seal number)

These materials conform to the project contract material requirements, and the representative

samples have been tested and found to be in compliance with the project contract. ] (checkbox)
If this submission is for an assembly of materials, | confirm that the assembly conforms to the

project contract. ] (checkbox)
I have the legal authority to bind the supplier of these materials to this project’s contract. [ (checkbox)

Clearly Print/Type Name:

Signature:

Approved by:

Clearly Print Name — County/Municipal
Engineer Signature — County/Municipal Engineer

(After approval submit to the Local Aid Projects District Office)
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