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PART V - MATERIALS CONTROL

5.1. GENERAL

5.1.1. MATERIALS CONTROL FUNCTIONS OF THE SECRETARY OF TRANSPORTATION

By state statute, the Secretary of Transportation has the power, duty, authority and jurisdiction “to inspect
and test all materials...used for state highway purposes or highway projects involving federal funds, and
to develop methods and procedures for this purpose.” (K.S.A. 68-404(h)). The Secretary’s inspection and
testing of materials and the methods and procedures employed to conduct this inspection and testing are
for the Department’s benefit. They are not for the benefit of contractors, producers, or suppliers.

Part V of this Manual and KDOT’s Standard Specifications are two means by which the Secretary fulfills
the Secretary’s statutory obligations. Nothing in Part V or KDOT’s Standard Specifications shall be
construed to limit KDOT’s discretion to adopt and/or revise standards, specifications, test procedures,
removal procedures, or other policies and procedures applicable to the materials used for highway
construction/maintenance. Nothing in Part V or KDOT’s Standard Specifications, including without
limitation, prequalification or preapproval of materials/sources of material, is a guarantee to contractors,
producers, or suppliers that a given material/source of material for highway construction/maintenance will
be approved by or remain approved by KDOT, be accepted by KDOT, or be purchased by KDOT or
others.

Part V and KDOT’s Standard Specifications include provisions for the Department’s Quality
Control/Quality Assurance Program (QC/QA Program), which is required by FHWA to assure the quality
of materials and construction in all Federal-aid highway projects and as a condition precedent to use of
federal funds. The Department administers its state program in the same manner as its federal program.
The Secretary has delegated to the Bureau of Construction and Materials the responsibility for the
establishment and administration of the materials’ portion of the Department’s QC/QA Program.

5.1.2. MATERIALS CONTROL FUNCTIONS OF THE BUREAU OF CONSTRUCTION
AND MATERIALS

The Bureau of Construction and Materials has responsibility for the establishment and
administration of the materials portion of the Department's Quality Control/Quality Assurance
(QC/QA) Program.

The Bureau develops standards and specifications for materials, establishes sampling procedures
and frequencies, and establishes testing procedures that are used in the laboratory and the field in
order to assure compliance with specifications. The fact that KDOT develops objective
specifications and testing criteria and approves or preapproves materials is not intended to limit the
Department’s discretion regarding the inspection, sampling, testing and acceptance of materials for
highway construction/maintenance.

The Bureau performs materials testing to assist the districts in administering quality assurance
functions of the QC/QA Program. Such testing includes tests on materials purchased by
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contractors or the State for use in maintenance or construction activities. This testing is for
KDOT’s benefit not to ensure contractors’ quality control. The Bureau also conducts tests on
concrete, bituminous mixtures and numerous other specialized materials, the results of which are
used by others. KDOT has no control over or responsibility for the use of KDOT’s materials
testing by other entities and no legal duties to such entities.

The responsibility of the Bureau extends to all materials used or proposed for use in State and
Federal-aid highway construction and maintenance.

On "full oversight" and "certification acceptance" projects involving Federal funds, the Bureau
of Construction and Materials must certify to the Federal Highway Administration as to the
quality of each type of material used on each project before the State is completely reimbursed
by the Federal Government. On all other projects the bureau reviews project materials records
and advises the District Engineer of materials status prior to contract finalization.

To accomplish its various objectives, duties and responsibilities, the Bureau organization
consists of the Headquarters Administration office, the Materials and Research Center (MRC),
and Regional Laboratories. It also has the assistance of a District Laboratory in each District.

Page 2/2 5.1 2018

Revised 2016



5.2. QUALITY CONTROL /QUALITY ASSURANCE
5.2.1. STATISTICS
1. ACKNOWLEDGEMENT

This paper has been copied directly from the HMA Manual with a few modifications from the original
version. The original version was prepared by Dr. Mustaque Hossain. Ph. D., P.E., Kansas State
University.

2. BACKGROUND

2.1 American industries have defined the Quality Control/Quality Assurance (QC/QA) concept to fit
within their particular application and there is no doubt that the “working” definition differs from industry
to industry. In the highway community those Contractors, suppliers, and Public Agencies (Agency) that
have implemented a QC/QA program probably have their own definition as well. It is important that a
concise and logical definition of QC/QA be adopted and be supported by all members within a single
industry. For the highway community the QC/QA concept must be defined so that Contractors, suppliers
and Agencies can identify with a basic concept and proceed to establish their respective programs. The
American Association of State Highway and Transportation Officials (AASHTO) has defined QC/QA in
AASHTO R-10-06 (2011) in the following manner:

2.2. Quality Control: The system used by a contractor to monitor, assess and adjust their production or
placement processes to ensure that the final product will meet the specified level of quality. Quality
control includes sampling, testing, inspection and corrective action (where required) to maintain
continuous control of a production or placement process.

2.3. Quality Assurance: All those planned and systematic actions necessary to provide confidence that a
product or facility will perform satisfactorily in service; or (2) making sure the quality of a product is
what it should be.

3. STANDARD DEFINITIONS FOR QC/QA APPLICATIONS

The following terms are defined in the AASHTO R-10-06 (2011) except Agency. All other shall be
consistent with the 2008 AASHTO Guide Specifications For Highway Construction.

3.1. Agency: The State Highway or Transportation Department, Commission, or other organization,
constituted under State or Commonwealth laws, that administers highway or transportation work.

The term Agency was chosen for the purpose of consistency, as this document is intended for use by any
governing organization attempting to prepare specifications for the purpose of highway or transportation

work.

3.2. Acceptable Quality Level (AQL): The level of established actual quality for a quality characteristic
that is fully acceptable.

3.3. Buyer: See Agency above.
3.4. Buyer’s Risk: Also called agency's risk, or risk of a Type II or beta (3) error. It is the risk to the

agency of accepting rejectable quality level (RQL) material or workmanship.
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3.5. Certified Technician: A technician certified by some agency as proficient in performing certain
duties.

3.6. Disincentive: A pre-established decrease in payment to the contractor applied to a contract bid item
for which the level of materials quality and workmanship, determined by statistical means, does not meet
the specified acceptable quality level (AQL). The disincentive is usually expressed as a percentage of the
original Contract bid-price.

3.7. Incentive/disincentive provision (for quality): A pay adjustment schedule which functions to
motivate the contractor to provide a high level of quality.

3.8. Lower Specification Limit (LSL): The lower statistically based limiting value associated with a
quality characteristic and used to evaluate the acceptability of a lot.

3.9. Percent Within Limits (PWL): The percentage of the lot falling above a lower specification limit,
beneath an upper specification limit, or between upper and lower specification limits.

3.10. Quality Assurance: All those planned and systematic actions necessary to provide confidence that a
product or facility will perform satisfactorily in service; or (2) making sure the quality of a product is
what it should be.

3.11. Quality Control: Also called process control. The system used by a contractor to monitor, assess
and adjust their production or placement processes to ensure that the final product will meet the specified
level of quality. Quality control includes sampling, testing, inspection and corrective action (where
required) to maintain continuous control of a production or placement process.

3.12. Quality Control Plan: A project-specific document prepared by the contractor that identifies all
QC personnel and procedures that will be used to maintain all production and placement processes "in
control" and meet the agency specification requirements. The document also addresses actions to be taken
in the event that a process goes "out of control".

3.13. Quality Level Analysis: A statistical procedure that provides an estimate of the percentage of a
given lot that is within specification limits (PWL) or outside specifications limits (PD).

3.14. Rejectable Quality Level (RQL): The level of established actual quality for a quality characteristic

that is rejectable when using a particular quality measure.

3.15. Seller's Risk (a): Also called contractor's risk, or risk of a type 1 or alpha (a) error. The risk to the
contractor of having acceptable quality level (4QL) material or workmanship rejected.

3.16. Target Value: The value that is placed on a quality characteristic that represents the mean of the
expected distribution of the specified population.

3.17. Upper Specification Limit (USL): The upper statistically based limiting value associated with a
quality characteristic and used with a quality measure to evaluate the quality of a lot.

4. MISCELLANEOUS DEFINITIONS RELATED TO QC/QA

4.1. Lot: An isolated quantity of material which is produced from a single source under similar
conditions. A lot is a measured amount of construction assumed to be produced by the same process. For

Page 2/26 5.2.1 2018

Revised 2014



example, the placement of 4,000 tons of hot-mix asphalt (HMA) or one days production for concrete
paving. Also referred to as population in statistical analysis.

4.2. Sublot: Sublots are equal divisions (i.e. portions) of a lot. A lot is divided into sublots for sampling
purposes. For example, if a lot is considered to be 4,000 tons of HMA and the specification requires that
the lot be divided into four sublots, the size of each sublot would be 1,000 tons (4,000 /4). For concrete
paving, a lot is considered to be one days production and the specification requires that the lot be
subdivided into five sublots as shown in Figure 1.

4.3. Sample: Each individual quantity of material collected for test. A portion of lot.

-

> LOT g

Sublot | Sublot | Sublot| Sublot | Sublot
1 2 3 4 5

|
Sta Sta Sta Sta Sta Sta
100 114 120 T30 140 150
|

t
!
!

Figure 1. Lot and sublots in a highway construction setting

5. INTRODUCTORY STATISTICAL TERMS

5.1. Average or Mean (X)_i Arithmetic mean or average determined for a number of variables (x;) as
below:

- Xxtxttx, Xi
X = = 1
n " (1)

5.1.1. Example: Find the arithmetic mean or average for the asphalt content of six Superpave mix sublots
given as: 5.4, 5.8, 6.2, 5.4, 5.4 and 6.0%.

54+58+62+54+54+60 342
6 6

5.7

X =
5.1.2. Example: Find the arithmetic mean or average for the percent air in the concrete mix of six sublots

given as: 6.6, 6.2, 5.5, 7.8, 6.9 and 6.6%.
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6.6+62+55+7.84+69+6.6 39.6
6 6

6.6

X =

5.2. Moving Average: Average computed based on a fixed set of continuous data points. For KDOT, the
w represents the number of tests within a lot:

_ X g+ X X TX

ma W 2

X

5.2.1. Example: Find the 4-point moving average for the above asphalt content data:

Asphalt content (%) 4-point moving average
54 -
5.8 -
6.2 -
5.4 5.7
54 5.7
6.0 5.8

5.2.2. Example: Find the 4-point moving average for the above percent air content data:

Air content (%) 4-point moving average
6.6 -
6.2 -
5.5 -
7.8 6.5
6.9 6.6
6.6 6.7

5.3. Range (R): Range is the difference between the largest and smallest values. A simple measure of
variability.

R= Xmax = Xmin (3)
5.3.1. Example: Find the Range (R) for the asphalt content data in 5.2.1. above:

R=62-54 = 08%
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5.3.2. Example: Find the Range (R) for the air content data in 5.2.2. above:

R=78-55=23%

5.4. Sample Standard Deviation (s) : Standard deviation is the root mean square of the deviation from the

mean. This is a better measure of variability than range and is computed as below:

where, n is the sample size.

5.4.1. Example: Find the standard deviation for the asphalt content data given below:

X; X
5.4 5.7
5.8 5.7
6.2 5.7
5.4 5.7
5.4 5.7
6.0 5.7

n=6

Y(x;—%)° _ [0.62

>(x; - X)°
n—1

n—1

5.4.2. Example: Find the standard deviation for the air content data given below:

Xi X
6.6 6.6
6.2 6.6
5.5 6.6
7.8 6.6
6.9 6.6
6.6 6.6
n =6
2
_ J S(x, — %)
n—1
Page 5/26
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Xi-X

0.0
-0.4
-1.1

1.2

0.3

0.0

=0.35

5.2.1

(xiX)?

0.09
0.01
0.25
0.09
0.09
0.09

(xix)’

0.00
0.16
1.21
1.44
0.09
0.00
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5.5. Population Standard Deviation (c): When the sample size n is large (usually greater than 30), the
standard deviation obtained is for the population. The equation is same as in (4) except that the
denominator is replaced by n.

5.6. Variance (s?): Sample variance is simply the square of the sample standard deviation.
5.6.1. Example: Find the variance of the asphalt content data given above:

s =10.35; §7=(0.35)’=0.123
5.6.2. Example: Find the variance of the air content data given above:

s =0.76; §’=(0.76)°=0.578

5.7. Coefficient of Variation (COV): The coefficient of variation is defined as the standard deviation as a
percentage of the mean. It is an additional measure of variability and is calculated as:

C.OV (%) =~ x100 )
X

5.7.1. Example: Find the coefficient of variation of the asphalt content data given above:

COV (%)=
5.7

x100=6.1%

5.7.2. Example: Find the coefficient of variation of the asphalt content data given above:

0.766 x100=11.5%

C.OV (%)=
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5.8. Normal Distribution Curve: It is a typical "bell-shaped" symmetrical curve which usually will
describe the distribution of engineering measurements, e.g. test results of HMA or concrete mixes.
Figures 2, 3 and 4 show various examples of normal distribution curves and how they vary but are

interrelated.

. 0 Good precision
of'u_rlifor"mi_!.y- ol

M
y \
|
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N |
/,Ir\2|
/7 \ |
I} AR
1|3
/ \
l// I\
Z s Vi

Figure 3. Quite different distributions may have the same average
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Figure 4. Process control related to specification limits

5.9. Control charts: Control charts are horizontal line charts. The horizontal lines (for single test results or
for "average" type charts) generally consist of a central line at the specified average and an upper line at
the specified upper acceptance limit and a lower line at the lower acceptance limit (if both are applicable)
- for an "acceptance" control chart. Figure 5 shows a typical control chart for average 9.5 mm aggregate
size (percent retained). Control charts are very helpful for identifying possible problems. Examples are
provided in Figures 6, 7, 8, and 9. It is to be noted that if these charts are plotted using individual test
results, then the chance causes cannot be distinguished from assignable causes. However, the moving
average tends to smooth out chance variations and a control chart based on moving averages can be used
to indicate significant trends due to variation in materials and processes.

9.5 mm Sieve

22
- 20 \
Q
c
T 18 /L
Q
T = [ N PR A
IERVAVAV N VA
: LY

12 ¥

0 ~~—-r-r—-—-—--—-r—r——T—rrTTTrrr—Trrrrrr—r—r—r—r—r—r . CL

N0 gF P o P 0P FE AT AL
Sublots
Figure 5. A typical control chart
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r Upper Spec Limit

Lower Spec Limit

Figure 6. A point outside the upper specification limits

Upper Spec Limit

Figure 7. Two consecutive points near the upper or lower specification limits

Upper Spec Limit

Figure 8. Five consecutive points on one side of the center target value
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Figure 9. A sudden change in the level of results

5.10. Statistical Control charts: It is to be noted that regardless of the shape of the normal curve and
spread (s), 68.26% of the test results will be within £ 1s, 95.44% within + 2 s and 99.74% within + 3 s.
Thus, it is apparent that a control chart based on the test statistics (x and s) could be easily developed. The
center line could be the mean of k sample means, each based n tests. The Upper Specification Limit
(USL) and the Lower Specification Limit (LSL) can be fixed based on multiples of s resulting in a typical
statistical control chart as shown in Figure 10.

5.11. Random Number: A number selected entirely by chance as from a table of random numbers as
shown in Table 1 of the KDOT Construction Manual Section 5.2.2.2. (A scientific calculator can also
generate random number; however, this method needs to be approved by the District Materials
Engineer).

/ | +3 Tpper action limit
2 Tpper warning limit
/ +1
X Average
\ B
-2 Lower warning limit
\ -3 Lower action limit
1 23456789 10 .. N
Test Number

Figure 10. Statistical control chart
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5.12. Moving Average

Within KDOT’s QC/QA specifications, moving averages are to be plotted on the same chart as the
individual test results. This is a simple process to include on the graphs. The number of tests in each
average will be dictated by the specifications for the project. For the following illustration, a 4-point
moving average will be considered.

Table 1: Individual Asphalt Content Test Data

'Sublot [AC% |

1A 547

1B 5.46

1IC  5.45

ID 473 Istavg = ( 547 + 546 + 545 + 4.73 )4= 528
2A 553 Indavg=( 546 + 545 + 473 + 553 )4= 529
2B 541 3rdavg=( 545 + 4.73 + 553 + 541 )4= 528
2C 555 dthaveg=( 473 + 553 + 541 + 555 )4= 531
2D 5.73 Sthavg=( 5.53 + 541 + 555 + 573 4= 556
A 5.68 Gthavg=( 5.41 + 555 + 573 + 5.68 )4= 5.59
3B 6.01 Tthavg=( 5.55 + 5.73 + 5.68 + 6.01 )4= 5.74
3¢ 5.79 Sthave=( 5.73 + 5.68 + 6.01 + 5.79 y4= 5.80
3D 5.82 9thavg=( 5.68 + 6.01 + 579 + 5.82 4= 583
4A 529 10thavg=( 6.01 + 579 + 5.82 + 529 )/4= 5.73
4B 591 Ilthavg=( 579 + 5.82 + 529 + 591 )4= 5.70
4C 542 12thave = ( 5.82 + 529 + 591 + 5.42 )4= 561
4D 578 13thavg=( 529 + 591 + 542 + 5.78 )/4= 5.60

When starting out, the first four tests (1 thru 4) will be used to determine the average. As the fifth test
becomes available for plotting, a second 4-point moving average becomes available by taking the average
of the 2™ thru 5™ tests. This process continues as additional tests become available. Using the test data
from Table 1, a clear pattern emerges for calculating the averages.

Asphalt Content

6.4
Ind.
= === Moving Avg
2 —8—|LSL
X —&— USL
—&— Avg LSL
43 —— Avg USL
4 ; ; ; ;
= 2 & 8 3 82 3 9
Sublot
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MOVING AVERAGE

Notice how the individual test result fails in sublot 1D which exceeded the single lower specification limit
(LSL). There is also a failure of the moving average in 3D. Read the specifications to determine what, if
any, lower and upper specification limits exist for test results and what action is warranted when such an
event occurs.

6. QUALITY LEVEL ANALYSIS

6.1. Quality Level Analysis is a statistical procedure that provides a method of estimating the percentage
of each lot or sublot of material, product item of construction, or completed construction that may be
expected to be within specified tolerance limits. This percent within limits is represented by the unshaded
areas under the normal curves in Figure 11.

6.2. When the specifications require that the percent within limits be established by Quality Level
Analysis, the following procedure shall apply :

Terminology:
6.2.1. x; = the individual values under consideration

6.2.2. n = the number of individual values under consideration

6.2.3. X = the arithmetic mean or average of values under consideration. X may be expressed as Xxi/n,
or the sum of the individual values divided by the number of individual values.

6.2.4. Qu = Upper Quality Index. Found by subtracting the average X from the Upper Specification
Limit (USL) and dividing by the sample standard deviation(s).

6.2.5. QL = Lower Quality Index. Found by subtracting the Lower Specification Limit (LSL) from the

average X and dividing by the sample standard deviation (s).
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SINGLE-LIMIT SPECIFICATION
DISTRIBUTION OF CHARACTERISTIC OF INTEREST
percent

within
i

percent
ol
defective Limits

p e 1

lower Eomit upper Bt

Figure 11. Concept of Percent Defective

6.3. Steps in Analysis for a double-limit specification:

6.3.1. Locate

[I3% 1]

n”” sampling positions on the lot or sublot in a random manner.

6.3.2. Make a measurement at each sample position or take a test portion and make the measurement on
the test portion.
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6.3.3. Average all measurements to find X .

6.3.4. Compute the sample standard deviation using:

>(x; - X)°

n—1

6.3.5. Find the Upper Quality Index (Qu) by subtracting the average (X ) from the Upper Specification
Limit (USL) and dividing the result by s.

 (USL-%)
- S

Ou

6.3.6. Find the Lower Quality Index (Qr) by subtracting the Lower Specification Limit (LSL) from the
average (X ) and dividing the result by s.

 (x—LSL)
a S

or

6.3.7. Estimate the percentage that will fall below the Upper Specification limit (PWLy). This is done by
referring to Table 2 with the computed value of Qu and then reading the appropriate PWLy value.

6.3.8. Estimate the percentage that will fall above the Lower Specification Limit (PWLL).

6.3.9. Determine the Quality Level stated as percent within limits (PWL).
PWL = (PWLy+PWLL) - 100

6.4. Steps in Analysis for a single-limit specification with lower-limit specified:
6.4.1. Locate “n” sampling positions on the lot or sublot in a random manner.

6.4.2. Make a measurement at each sample position or take a test portion and make the measurement on
the test portion.

6.4.3. Average all measurements to find X .

6.4.4. Compute the sample standard deviation using:

Page 14/26 5.2.1 2018

Revised 2014



>(x; —x)°
n—1

6.4.5. Find the Quality Index (Q) by subtracting the Lower Specification Limit (LSL) from the average
(X)) and dividing the result by s.

(x - LSL)
S

0=

6.4.6. Estimate the percentage that will fall above the Specification limit (PWL). This is done by
referring to Table 2 with the computed value of Q and then reading the appropriate PWL value.

6.5. Quality Level Analysis: Example Problem for double-limit specification

A contractor has run air voids tests on five lots of SM-19B. The specification limits for air voids are 4 +
1.25 %. This sets the lower specification limit (LSL) at 2.75 % (4 - 1.25 %) air voids and the upper
specification limit (USL) at 5.25 % (4 + 1.25 %) air voids. Conduct a Quality Level Analysis and
compute the percent within limits.

Lot Sublot Percent Air Voids
1 1A 4.30
1B 3.77
1C 4.05
1D 4.80
2 2A 4.90
2B 5.07
2C 3.82
2D 3.53
3 3A 2.67
3D 2.09
3C 2.92
3D 2.56
4 4A 2.39
4B 2.87
4C 5.56
4D 4.74
5 5A 2.36
5B 2.00
5C 5.99
5D 3.73
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Solution:

Lot 1: X = 423, sx= 0437, n= 4

Qu = 525- 423 =233 from Table 2 PWLy= 100 %
0.437

QL= 423 -275 = 3.39 from Table 2 PWL. = 100 %
0.437

PWL = (100 + 100) - 100 = 100 %

Lot 2: X = 433, sx=0.769, n=4

Qu= 525 - 433 =1.20 from Table 2 PWLy= 90 %
0.769

Qu= 433 - 275 = 2.05 from Table 2 PWLL= 100 %
0.769

PWL = (90 + 100) - 100 = 90 %

Lot 3: X =256, sx=0.348, n=4
Qu = 525 - 256 =173 from Table 2 PWLy= 100 %
0.348
Qu =256 - 275 = -55 from Table 2 PWLrwpe = 68.33 %
0.348

If Qv is a negative number, the PWL is equal to 100 % - (value looked up in Table 2)
PWLL = (100 - 68.33) =31.67 %

PWL = (100 +31.67) - 100 =31.67 %

Lot 4: X =389, sx= 1506, n=4
Qu = 5.25 -3.89 =0.90 from Table 2 PWLy= 80.0 %
1.506
Qu = 3.89-275 = 0.76 from Table 2 PWLL= 75.33 %
1.506

PWL = (80.0 +75.33) - 100 = 55.33 %
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Lot 5: X = 3.52, sx=1.807, n=4

Qu = 525 - 3.52
1.807

0.96 from Table 2 PWLy= 82.0%

QL = 3.52 -2.75
1.807

043 from Table 2 PWLL= 64.33 %

PWL = (82.0 + 64.33) - 100 = 46.33 %
6.6. Quality Level Analysis: Example Problem for single-limit specification

A contractor has made thickness cores on three lots of concrete pavement. The lower specification limit
(LSL) is 275 mm. Conduct a Quality Level Analysis and compute the percent within limits.

Lot Sublot Thickness (mm)
1 1A 278
1B 274
1C 276
1D 280
1E 280
2 2A 261
2B 284
2C 275
2D 269
2E 281
3 3A 293
3D 288
3C 297
3D 299
3E 290
Solution:
Lot 1: X = 277.6, sx= 2.608, n=5
Q= 277.6 - 275 = 0.997 from Table 2. PWL = 83.64 %
2.608
Lot 2: X = 274.0, sy = 9.274, n=5
Q= 274 - 275 = -0.11 from Table 2. PWLrwie = 53.91 %
9.274

If Qis a negative number, the PWL is equal to 100 % - (value looked up in Table 2.)
PWL=(100.0 - 53.91) = 46.09 %

Lot 3: X = 2934, sx = 4.615, n=5
Q =2934 - 275 = 399 from Table 2. PWL = 100.00 %
4.615
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQL| N=3 N=4 N=5 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100
0.00] 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
0.01] 50.28 5033 5036 5037 5037 5038 5038 50.38 5039 5039 5040 5040 5040
0.02] 50.55 50.67 50.71 50.73 50.75 50.76 50.76 50.77 50.78 50.79 50.79 50.79 50.80
0.03| 50.83 51.00 51.07 51.10 51.12 51.14 51.15 S51.15 5117 51.18 51.19 51.19 51.19
0.04| 51.10 5133 5142 5147 5150 5151 51.53 51.54 5156 51.57 5158 51.59 51.59
0.05| 5138 51.67 5178 51.84 51.87 51.89 5191 5192 5195 5196 5198 5198 51.99
0.06] 51.65 52.00 52.13 5220 5224 5227 5229 5230 5234 5236 5237 5238 5239
0.07| 5193 5233 5249 5257 5262 5265 52.67 52.69 5273 5275 5276 5278 52.78
0.08| 5221 52.67 5285 5294 5299 5303 53.05 53.07 53.12 53.14 53.16 53.17 53.18
0.09| 5248 53.00 5320 5330 5337 5341 5343 5346 5351 53.53 5355 53.57 538
0.10|] 52.76 5333 53.56 53.67 53.74 53.78 53.82 53.84 5390 5392 5395 5396 5397
0.11] 53.04 53.67 5391 54.04 54.11 54.16 5420 5422 5429 5431 5434 5436 5437
0.12| 5331 54.00 5427 5440 5449 5454 5458 54.60 54.67 5470 5473 5475 5476
0.13| 53.59 5433 5462 5477 5486 5492 5496 5499 5506 55.09 55.12 5514 55.16
0.14| 53.87 54.67 5498 55.14 5523 5529 5534 5537 5545 5548 5552 5554 5555
0.15] 54.15 55.00 5533 55,50 55.60 55.67 55.71 5575 55.84 55.87 5591 5593 55095
0.16] 54.42 5533 5569 5587 5597 56.04 56.09 56.13 5622 5626 5630 5632 56.34
0.17| 5470 55.67 56.04 5623 5635 5642 5647 5651 56.61 56.65 56.69 56.71 56.73
0.18| 5498 56.00 5640 56.60 56.72 56.79 56.85 56.89 5699 57.04 57.08 57.11 57.12
0.19] 5526 56.33 56.75 5696 57.09 57.17 5723 5727 5738 5743 5747 5750 57.52
0.20] 55.54 56.67 57.10 57.32 5746 57.54 57.60 57.65 57.76 57.81 57.85 57.89 5791
0.21] 5582 57.00 5746 57.69 57.83 5792 5798 58.03 58.15 5820 5824 5827 58.30
0.22| 56.10 57.33 57.81 58.05 5820 5829 5836 5840 5853 58.58 58.63 58.66 58.69
0.23| 56.38 57.67 58.16 5841 5856 58.66 58.73 58.78 5891 5897 59.01 59.05 59.07
0.24] 56.66 58.00 58.52 5878 5893 59.03 59.11 59.16 5929 5935 5940 5944 59.46
0.25| 5695 5833 58.87 59.14 5930 5941 5948 59.53 59.67 59.73 59.78 59.82 59.85
0.26| 57.23 58.67 5922 59.50 59.67 59.78 59.85 5991 6005 60.11 60.17 6021 60.23
0.27| 57.51 59.00 59.57 59.86 60.03 60.15 6023 6028 6043 6049 60.55 60.59 60.62
0.28] 57.80 5933 5992 6022 6040 60.52 60.60 60.66 60.81 60.87 6093 6097 61.00
0.29] 58.08 59.67 60.28 60.58 60.77 60.89 60.97 61.03 61.19 6125 6131 6135 61.38
0.30[ 5837 60.00 60.63 6094 61.13 6125 6134 6140 6156 61.63 61.69 61.73 61.76
0.31| 58.65 6033 6098 6130 61.50 61.62 61.71 61.77 6194 62.01 62.07 62.11 62.14
0.32] 5894 60.67 6133 61.66 61.86 6199 62.08 62.14 6231 6238 6245 6249 62.52
0.33] 59.23 61.00 61.68 62.02 6222 6235 6245 6251 62.69 62.76 62.82 62.87 62.90
0.34] 59.51 6133 62.03 6238 62.58 62.72 62.81 62.88 63.06 63.13 6320 6325 63.28
0.35| 59.80 61.67 6238 62.73 6294 63.08 63.18 6325 6343 63.51 6357 63.62 63.65
0.36| 60.09 62.00 6272 63.09 6331 6345 63.54 63.62 6380 63.88 6395 6399 64.03
0.37 6038 6233 63.07 6345 63.67 6381 6391 6398 64.17 6425 6432 6437 6440
0.38| 60.67 62.67 6342 63.80 64.02 64.17 6427 6435 6454 64.62 64.69 6474 64.77
039 6097 63.00 63.77 64.16 6438 6453 64.63 6471 6490 6498 6506 6511 65.14
0.40[ 6126 6333 64.12 6451 6474 6489 6500 6507 6527 6535 6542 6547 6551
041 61.55 63.67 6446 6486 6510 6525 6536 6543 6563 6572 6579 6584 65.88
042 61.85 64.00 64.81 6521 6545 65.61 6571 6579 66.00 66.08 66.15 6621 6624
0.43] 62.15 6433 65.15 6557 6581 6596 66.07 66.15 6636 6644 66.52 6657 66.61
0.44| 6244 64.67 6550 6592 66.16 6632 6643 66.51 6672 66.80 66.88 6693 6697
Page 18/26 5.2.1 2018

Revised 2014



Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQL| N=3 N=4 N=5 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100
045 6274 6500 6584 6627 6651 6667 6679 6687 67.08 67.16 6724 6729 67.33
0.46] 63.04 6533 66.19 6662 6687 67.03 67.14 6722 6743 6752 67.60 67.65 67.69
047 6334 6567 66.53 6696 6722 6738 6749 6758 6779 67.88 6796 68.01 68.05
0.48| 63.65 6600 6688 6731 67.57 6773 67.85 6793 68.15 6823 6831 6837 6840
0.49] 6395 6633 6722 67.66 6792 68.08 6820 6828 6850 68.59 68.67 68.72 68.76
0.50[ 6425 66.67 67.56 68.00 6826 6843 68.55 68.63 6885 6894 69.02 69.07 69.11
0.51] 6456 67.00 6790 6835 68.61 68.78 6890 6898 69.20 6929 69.37 69.43 69.46
0.52| 6487 6733 6824 68.69 6896 69.13 6924 69.33 6955 69.64 69.72 69.77 69.81
0.53] 65.18 67.67 6858 69.04 6930 6947 69.59 69.68 6990 6999 70.07 70.12 70.16
0.54| 6549 68.00 68.92 69.38 69.64 6982 6993 70.02 7024 7033 7041 7047 7051
0.55|] 65.80 6833 6926 69.72 6999 70.16 7028 7036 70.59 70.68 70.76 70.81 70.85
0.56| 66.12 68.67 69.60 70.06 70.33 70.50 70.62 70.71 7093 71.02 71.10 71.15 71.19
0.57| 6643 69.00 6994 7040 70.67 70.84 7096 71.05 7127 7136 7144 7149 71.53
0.58| 66.75 69.33 7027 70.74 71.01 7118 7130 7139 7161 71.70 7178 71.83 71.87
0.59] 67.07 69.67 7061 7107 7134 7152 71.64 71.72 7195 7204 72.11 7217 7221
0.60[ 67.39 70.00 7095 7141 71.68 7185 7197 7206 7228 7237 7245 7250 7254
0.61| 67.72 7033 7128 71.75 72.02 7219 7231 7240 72.61 7270 7278 72.84 7287
0.62| 68.04 70.67 71.61 7208 7235 7252 72.64 7273 7295 73.04 73.11 73.17 73.20
0.63| 6837 71.00 7195 7241 7268 7285 7297 73.06 7328 7337 7344 7350 73.53
0.64| 68.70 7133 7228 7274 73.01 73.18 7330 7339 73.61 73.69 7377 73.82 73.86
0.65| 69.03 71.67 72.61 73.08 7334 7351 73.63 7372 7393 74.02 7410 7415 74.18
0.66] 6937 7200 7294 7340 73.67 7384 7396 74.04 7426 7434 7442 7447 7451
0.67| 69.70 7233 7327 7373 74.00 74.17 7428 7437 7458 74.67 7474 7479 74.83
0.68] 70.04 7267 73.60 7406 7432 7449 7461 74.69 7490 7499 7506 7511 75.14
0.69| 7039 73.00 7393 7439 7465 7481 7493 7501 7522 7530 7538 7543 7546
0.70| 70.73 7333 7426 74771 7497 75.14 7525 7533 7554 75.62 75.69 75774 75.77
0.71| 71.08 73.67 7459 75.04 7529 7546 7557 7565 7585 7594 76.01 76.05 76.09
0.72| 7143 7400 7491 7536 75.61 7577 75.89 7597 7617 7625 7632 7636 76.40
0.73| 71.78 7433 7524 7568 7593 76.09 7620 7628 7648 76.56 76.63 76.67 76.70
0.74| 72.14 7467 7556 76.00 7625 7641 7651 76.59 7679 76.87 7693 7698 77.01
0.75] 72.50 75.00 7589 7632 76.56 76.72 76.83 7690 77.10 77.17 7724 7728 77.31
0.76| 7287 7533 7621 76.63 7688 77.03 77.14 7721 7740 7748 77.54 77.58 77.61
0.77] 7324 75.67 7653 7695 77.19 7734 7744 7752 7770 77778 77.84 7788 7791
0.78| 73.61 76.00 76.85 7726 7750 77.65 77.75 77.82 78.01 78.08 78.14 78.18 7821
0.79] 7398 7633 77.17 7758 77.81 7796 78.06 78.13 7830 7837 7843 7847 78.50
080 7436 76.67 7749 77.89 7812 7826 7836 7843 78.60 78.67 7873 78.77 78.79
0.81f 7475 77.00 77.81 7820 78.42 78.56 78.66 78.73 7890 78.96 79.02 79.06 79.08
0.82| 75.14 7733 78.13 7851 7873 7886 7896 79.02 79.19 7925 7931 7935 7937
0.83| 75.53 77.67 7844 7882 79.03 79.16 79.25 7932 7948 79.54 79.60 79.63 79.65
0.84| 7593 78.00 78.76 79.12 79.33 79.46 79.55 79.61 79.77 79.83 79.88 7991 79.94
0.85| 7633 7833 79.07 7943 79.63 79.76 79.84 7990 80.06 80.11 80.16 80.20 80.22
0.86 76.74 78.67 7938 79.73 79.93 80.05 80.13 80.19 80.34 80.40 80.44 80.47 80.49
0.87| 77.16 79.00 79.69 80.03 80.22 80.34 8042 8048 80.62 80.68 80.72 80.75 80.77
0.88] 77.58 79.33 80.00 80.33 80.52 80.63 80.71 80.77 8090 80.95 81.00 81.02 81.04
0.89| 78.01 79.67 80.31 80.63 80.81 8092 81.00 81.05 8&1.18 81.23 81.27 81.30 81.31
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQL| N=3 N=4 N=5 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100
0.90( 7845 80.00 80.62 80.93 81.10 81.21 8128 81.33 8146 81.50 81.54 81.57 81.58
091| 78.89 8033 8093 8122 8139 8149 81.56 81.61 81.73 81.77 81.81 81.83 81.85
0.92| 79.34 80.67 8123 81.51 81.67 81.77 81.84 81.89 82.00 82.04 82.08 82.10 82.11
093] 79.81 81.00 81.54 81.81 81.96 82.05 82.12 82.16 8227 8231 8234 8236 82.37
094/ 8027 81.33 81.84 82.10 8224 8233 8239 8244 8254 8257 82.60 82.62 82.63
0.95| 80.75 81.67 82.14 8239 8252 82.61 82.67 8271 8280 82.84 82.86 82.88 82.89
096/ 8125 82.00 8245 82.67 82.80 82.88 8294 8297 83.06 83.10 83.12 83.13 83.14
0.97| 81.75 8233 8275 8296 83.08 83.15 8321 8324 8332 8335 8337 8339 8339
098 8226 82.67 83.04 8324 8335 8343 8347 8351 83.58 83.61 83.63 83.64 83.64
0.99| 82.79 83.00 83.34 83.52 83.63 83.69 83.74 83.77 83.84 83.86 83.88 83.88 83.89
1.00| 83.33 8333 83.64 83.80 8390 8396 84.00 84.03 84.09 84.11 84.12 84.13 84.13
1.01| 83.89 83.67 8393 84.08 84.17 8422 8426 8428 8434 8436 8437 8437 8438
1.02| 84.47 84.00 8422 8436 8444 8449 8452 8454 8459 84.60 84.61 84.62 84.62
1.03| 85.07 8433 8452 84.63 8470 8475 84.77 8479 84.83 84.85 84.85 8485 8485
1.04| 85.69 84.67 8481 8491 8497 8500 8503 8504 8508 8509 8509 8509 85.09
1.05| 86.34 85.00 85.09 85.18 8523 8526 8528 8529 8532 8533 8533 8532 8532
1.06] 87.02 8533 8538 8545 8549 8551 8553 8554 8556 8556 8556 8555 8555
1.07| 87.73 85.67 85.67 8571 8574 8576 8578 8578 8580 8580 8579 85.78 85.78
1.08| 88.49 86.00 8595 8598 86.00 86.01 86.02 86.03 86.03 86.03 86.02 86.01 86.00
1.09] 89.29 86.33 86.24 8624 8625 86.26 86.27 86.27 86.26 8626 86.25 8623 86.23
1.10] 90.16 86.67 86.52 86.50 86.51 86.51 86.51 86.50 8649 86.48 8647 86.46 8645
L.11] 91.11 87.00 86.80 86.76 86.75 86.75 86.74 86.74 86.72 86.71 86.69 86.68 86.66
1.12| 92.18 87.33 87.07 87.02 87.00 86.99 8698 8697 8695 8693 8691 86.839 86.88
1.13| 9340 87.67 87.35 8728 8725 8723 8721 8720 87.17 87.15 87.13 87.11 87.09
1.14] 9492 88.00 87.63 87.53 8749 8746 8745 8743 8739 8737 8734 8732 8730
1.15| 97.13 88.33 8790 87.78 87.73 87.70 87.68 87.66 87.61 87.58 87.55 8753 87.51
1.16| 100.00 88.67 88.17 88.03 8797 8793 8790 87.88 87.82 87.79 8776 87.74 87.72
1.17| 100.00 89.00 88.44 8828 88.21 88.16 88.13 88.10 88.04 88.00 8797 8794 87.92
1.18| 100.00 89.33 88.71 88.53 8844 8839 88.35 88.32 8825 8821 88.18 88.15 88.12
1.19] 100.00 89.67 8898 88.77 88.67 88.61 88.57 88.54 88.46 8842 88.38 88.35 88.32
1.20| 100.00 90.00 89.24 89.01 8890 88.83 88.79 88.76 88.66 88.62 88.58 88.54 88.52
1.21] 100.00 90.33 89.50 89.25 89.13 89.06 89.00 88.97 88.87 88.82 88.78 88.74 88.71
1.22| 100.00 90.67 89.77 89.49 89.35 89.27 89.22 89.18 89.07 89.02 8897 88.93 8891
1.23| 100.00 91.00 90.03 89.72 89.58 89.49 8943 89.39 89.27 8922 89.16 89.12 89.09
1.24| 100.00 91.33 90.28 89.96 89.80 89.70 89.64 89.59 89.47 8941 89.36 89.31 89.28
1.25| 100.00 91.67 90.54 90.19 90.02 8991 89.85 89.79 89.66 89.60 89.54 89.50 89.47
1.26( 100.00 92.00 90.79 90.42 90.23 90.12 90.05 90.00 89.85 89.79 89.73 89.68 89.65
1.27| 100.00 92.33 91.04 90.64 9045 90.33 90.25 90.19 90.04 8998 8991 89.837 89.83
1.28( 100.00 92.67 9129 90.87 90.66 90.53 90.45 9039 9023 90.16 90.10 90.05 90.01
1.29] 100.00 93.00 91.54 91.09 90.87 90.74 90.65 90.58 90.42 90.34 90.28 90.22 90.18
1.30( 100.00 93.33 91.79 9131 91.07 90.94 90.84 90.78 90.60 90.52 90.45 90.40 90.36
1.31| 100.00 93.67 92.03 91.52 9128 91.13 91.04 9097 90.78 90.70 90.63 90.57 90.53
1.32( 100.00 94.00 9227 91.74 9148 91.33 91.23 91.15 9096 90.88 90.80 90.74 90.70
1.33] 100.00 9433 92.51 9195 91.68 91.52 9141 9134 91.14 91.05 9097 9091 90.87
1.34| 100.00 94.67 92.75 92.16 9188 91.71 91.60 91.52 91.31 9122 91.14 91.08 91.03
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index

Quor QL

Percent Within Limits for Selected Sample Sizes

N=6 N=7 N=8 N=9 N=10 N=I5 N=20 N=30 N=50 N=100

1.35
1.36
1.37
1.38
1.39
1.40
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.50
1.51
1.52
1.53
1.54
1.55
1.56
1.57
1.58
1.59
1.60
1.61
1.62
1.63
1.64
1.65
1.66
1.67
1.68
1.69
1.70
1.71
1.72
1.73
1.74
1.75
1.76
1.77
1.78
1.79

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

95.00
95.33
95.67
96.00
96.33
96.67
97.00
97.33
97.67
98.00
98.33
98.67
99.00
99.33
99.67
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

92.98
93.21
93.44
93.67
93.90
94.12
94.34
94.56
94.77
94.98
95.19
95.40
95.61
95.81
96.01
96.20
96.39
96.58
96.77
96.95
97.13
97.31
97.48
97.65
97.81
97.97
98.13
98.28
98.43
98.58
98.72
98.85
98.98
99.11
99.23
99.34
99.45
99.55
99.64
99.73
99.81
99.88
99.94
99.98
100.00

9237 92.08 9190 91.78 91.70 91.48 91.39
92.58 9227 92.09 9196 9188 91.65 91.56
9278 9246 9227 9214 92.05 9182 91.72
9298 92.65 9245 9232 9223 9199 91.88
93.18 92.83 92.63 9249 9240 92.15 92.04
9337 93.02 9281 92.67 9256 9231 9220
93.57 9320 9298 9283 9273 9247 9236
93.76 9338 93.15 93.00 9290 92.63 92.51
93.95 93,55 9332 93.17 93.06 9278 92.66
94.13 93.73 9349 9333 9322 9293 9281
9432 9390 93.65 93.49 9337 93.08 92.96
94.50 94.07 93.81 93.65 93.53 9323 93.10
94.67 9423 9397 9380 93.68 9337 93.25
94.85 9440 94.13 9396 93.83 9352 9339
95.02 9456 9429 94.11 9398 93.66 93.52
95.19 9472 9444 9426 94.13 93.80 93.66
9536 94.87 9459 9440 9427 9394 93.80
95.53 95.03 9474 9455 9441 9407 93.93
95.69 95.18 94.88 94.69 94.55 9420 94.06
95.85 9533 95.03 9483 94.69 9433 94.19
96.00 9548 95.17 9497 9482 9446 9431
96.16 95.62 9531 9510 9495 9459 9444
96.31 95.76 9544 9523 95.08 9471 94.56
96.46 9590 9558 9536 9521 94.84 94.68
96.60 96.04 9571 9549 9534 9496 94.80
96.75 96.17 9584 9562 9546 9508 94.92
96.89 9631 9597 9574 9559 9519 95.03
97.03 9643 96.09 9586 95.70 9531 95.14
97.16 96.56 96.21 9598 95.82 9542 9525
9729 96.69 9633 96.10 9594 9553 9536
9742 96.81 9645 9622 96.05 9564 9547
97.55 9693 96.57 9633 96.16 9575 95.57
97.67 97.05 96.68 96.44 9627 9585 95.68
97.79 97.16 96.79 96.55 9638 9595 95.78
9791 9727 9690 96.66 9648 96.06 95.88
98.02 97.38 97.01 96.76 96.59 96.16 9598
98.13 9749 97.11 96.86 96.69 9625 96.07
98.24 9759 9721 9697 96.79 9635 96.17
98.34 97.70 97.31 97.06 96.89 96.44 96.26
9845 97.80 9741 97.16 9698 96.54 9635
98.55 97.89 97.51 9725 97.07 96.63 96.44
98.64 9799 97.60 9735 9717 96.72 96.53
98.73 98.08 97.69 97.44 9726 96.80 96.62
98.82 98.17 97.78 9753 9734 96.89 96.70
9891 9826 97.87 97.61 9743 9697 96.79

91.31
91.47
91.63
91.79
91.95
92.10
92.26
9241
92.56
92.70
92.85
92.99
93.13
93.27
93.40
93.54
93.67
93.80
93.93
94.05
94.18
94.30
94.42
94.54
94.66
94.77
94.88
94.99
95.10
95.21
95.32
95.42
95.52
95.62
95.72
95.82
95.91
96.01
96.10
96.19
96.28
96.37
96.45
96.53
96.62

91.24
91.40
91.56
91.72
91.88
92.03
92.18
92.33
92.48
92.62
92.76
92.90
93.04
93.18
93.31
93.45
93.58
93.71
93.83
93.96
94.08
94.20
94.32
94.44
94.55
94.67
94.78
94.89
94.99
95.10
95.21
95.31
95.41
95.51
95.61
95.70
95.80
95.89
95.98
96.07
96.16
96.24
96.33
96.41
96.49

91.19
91.35
91.51
91.67
91.82
91.98
92.13
92.27
92.42
92.56
92.70
92.84
92.98
93.12
93.25
93.38
93.51
93.64
93.76
93.89
94.01
94.13
94.25
94.36
94.48
94.59
94.70
94.81
94.92
95.02
95.13
95.23
95.33
95.43
95.53
95.62
95.71
95.81
95.90
95.99
96.07
96.16
96.24
96.33
96.41
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method

Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQL| N=3 N=4 N=5 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100
1.80[ 100.00 100.00 100.00 98.99 9835 9796 97.70 97.51 97.06 96.87 96.70 96.57 96.49
1.81| 100.00 100.00 100.00 99.07 98.43 98.04 97.78 97.60 97.14 9695 96.78 96.65 96.57
1.82( 100.00 100.00 100.00 99.15 9851 98.12 97.86 97.68 9721 97.02 96.85 96.73 96.64
1.83| 100.00 100.00 100.00 99.22 98.59 98.20 9794 97.75 9729 97.10 9693 96.81 96.72
1.84( 100.00 100.00 100.00 99.29 98.66 9828 98.02 97.83 9737 97.18 97.01 96.88 96.79
1.85| 100.00 100.00 100.00 99.36 98.74 98.35 98.09 9791 9744 9725 97.08 9695 96.87
1.86 100.00 100.00 100.00 99.43 9881 9842 98.16 9798 9752 9732 97.15 97.03 9694
1.87| 100.00 100.00 100.00 99.49 98.88 98.49 9824 98.05 9759 9739 9722 97.10 97.01
1.88| 100.00 100.00 100.00 99.54 98.94 98.56 98.30 98.12 97.66 9746 9729 97.17 97.08
1.89| 100.00 100.00 100.00 99.60 99.01 98.63 98.37 98.19 97.72 97.53 9736 9723 97.15
1.90] 100.00 100.00 100.00 99.65 99.07 98.69 98.44 9825 97.79 97.60 9743 9730 97.21
1.91| 100.00 100.00 100.00 99.70 99.13 98.76 98.50 98.32 97.86 97.66 9749 9737 97.28
1.92 100.00 100.00 100.00 99.74 99.19 9882 98.56 9838 9792 9773 9755 9743 9734
1.93| 100.00 100.00 100.00 99.78 99.24 98.88 98.63 98.44 9798 97.79 97.62 9749 9740
1.94| 100.00 100.00 100.00 99.82 9930 9893 98.68 9850 98.04 9785 97.68 97.55 9746
1.95| 100.00 100.00 100.00 99.85 99.35 9899 98.74 98.56 98.10 9791 97.74 97.61 97.52
1.96| 100.00 100.00 100.00 99.88 9940 99.04 98.80 98.62 98.16 9797 97.80 97.67 97.58
1.97| 100.00 100.00 100.00 9991 99.44 99.09 98.85 98.67 9822 98.03 97.86 97.73 97.64
1.98| 100.00 100.00 100.00 99.93 9949 99.14 9890 98.73 9827 98.08 9791 97.79 97.70
1.99| 100.00 100.00 100.00 99.95 99.53 99.19 98.95 98.78 9833 98.14 9797 97.84 97.75
2.00| 100.00 100.00 100.00 99.97 99.57 99.24 99.00 98.83 98.38 98.19 98.02 9790 97.81
2.01] 100.00 100.00 100.00 99.98 99.61 99.28 99.05 98.88 98.43 9824 98.07 9795 97.86
2.02| 100.00 100.00 100.00 99.99 99.64 99.33 99.10 98.93 9848 9829 98.13 98.00 9791
2.03| 100.00 100.00 100.00 100.00 99.68 99.37 99.14 98.97 98.53 9834 98.18 98.05 97.96
2.04( 100.00 100.00 100.00 100.00 99.71 99.41 99.18 99.02 98.58 98.39 98.23 98.10 98.01
2.05| 100.00 100.00 100.00 100.00 99.74 99.45 99.23 99.06 98.63 98.44 9827 98.15 98.06
2.06 100.00 100.00 100.00 100.00 99.77 99.48 99.27 99.10 98.67 9849 9832 9820 98.11
2.07| 100.00 100.00 100.00 100.00 99.79 99.52 99.30 99.14 98.72 98.53 98.37 9824 98.16
2.08 100.00 100.00 100.00 100.00 99.82 99.55 99.34 99.18 98.76 98.58 9841 9829 9821
2.09] 100.00 100.00 100.00 100.00 99.84 99.58 99.38 99.22 98.80 98.62 9846 98.34 98.25
2.10( 100.00 100.00 100.00 100.00 99.86 99.61 9941 99.26 9884 98.66 98.50 98.38 98.29
2.11] 100.00 100.00 100.00 100.00 99.88 99.64 99.45 99.29 98.88 98.70 98.54 9842 98.34
2.12| 100.00 100.00 100.00 100.00 99.90 99.67 9948 99.33 9892 98.74 98.58 98.46 98.38
2.13| 100.00 100.00 100.00 100.00 99.92 99.70 99.51 99.36 9896 98.78 98.62 98.50 98.42
2.14| 100.00 100.00 100.00 100.00 99.93 99.72 99.54 99.39 99.00 98.82 98.66 98.54 98.46
2.15 100.00 100.00 100.00 100.00 99.94 99.74 99.57 9942 99.03 98.86 98.70 98.58 98.50
2.16{ 100.00 100.00 100.00 100.00 99.95 99.77 99.59 9945 99.07 9890 98.74 98.62 98.54
2.17| 100.00 100.00 100.00 100.00 99.96 99.79 99.62 9948 99.10 98.93 98.78 98.66 98.58
2.18| 100.00 100.00 100.00 100.00 9997 99.81 99.64 99.51 99.13 9897 98.81 98.70 98.61
2.19( 100.00 100.00 100.00 100.00 99.98 99.83 99.67 99.54 99.17 99.00 98.85 98.73 98.65
2.20{ 100.00 100.00 100.00 100.00 99.99 99.84 99.69 99.56 99.20 99.03 98.88 98.77 98.69
2.21| 100.00 100.00 100.00 100.00 99.99 99.86 99.71 99.59 9923 99.06 9891 98.80 98.72
2.22{ 100.00 100.00 100.00 100.00 99.99 99.87 99.73 99.61 99.26 99.10 98.95 98.83 98.75
2.23| 100.00 100.00 100.00 100.00 100.00 99.89 99.75 99.63 9929 99.13 9898 98.87 98.79
2.24] 100.00 100.00 100.00 100.00 100.00 99.90 99.77 99.66 99.31 99.15 99.01 9890 98.82
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure

Standard Deviation Method

Quality
Index

Quor QL

Percent Within Limits for Selected Sample Sizes

N=6

N=7

N=8

N=9

N=10 N=I5

N=20 N=30 N=50 N=100

2.25
2.26
2.27
2.28
2.29
2.30
2.31
232
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.40
241
242
243
2.44
2.45
2.46
2.47
2.48
2.49
2.50
2.51
2.52
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60
2.61
2.62
2.63
2.64
2.65
2.66
2.67
2.68
2.69

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.91
99.92
99.93
99.94
99.95
99.96
99.96
99.97
99.98
99.98
99.98
99.99
99.99
99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.79
99.80
99.82
99.83
99.85
99.86
99.87
99.89
99.90
99.91
99.92
99.92
99.93
99.94
99.95
99.95
99.96
99.96
99.97
99.97
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.68
99.70
99.71
99.73
99.75
99.77
99.78
99.80
99.81
99.82
99.84
99.85
99.86
99.87
99.88
99.89
99.90
99.91
99.92
99.92
99.93
99.94
99.94
99.95
99.95
99.96
99.96
99.97
99.97
99.97
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
100.00
100.00
100.00
100.00
100.00

99.34
99.37
99.39
99.42
99.44
99.46
99.48
99.51
99.53
99.55
99.57
99.58
99.60
99.62
99.64
99.65
99.67
99.68
99.70
99.71
99.73
99.74
99.75
99.76
99.77
99.79
99.80
99.81
99.82
99.83
99.83
99.84
99.85
99.86
99.87
99.87
99.88
99.89
99.89
99.90
99.91
99.91
99.92
99.92
99.93

99.18
99.21
99.24
99.26
99.29
99.32
99.34
99.36
99.39
99.41
99.43
99.45
99.47
99.49
99.51
99.53
99.55
99.56
99.58
99.60
99.61
99.63
99.64
99.66
99.67
99.68
99.70
99.71
99.72
99.73
99.74
99.75
99.76
99.77
99.78
99.79
99.80
99.81
99.82
99.83
99.84
99.84
99.85
99.86
99.86

99.04
99.07
99.10
99.12
99.15
99.18
99.20
99.23
99.25
99.28
99.30
99.32
99.34
99.37
99.39
99.41
99.43
99.44
99.46
99.48
99.50
99.52
99.53
99.55
99.56
99.58
99.59
99.61
99.62
99.63
99.65
99.66
99.67
99.68
99.70
99.71
99.72
99.73
99.74
99.75
99.76
99.77
99.78
99.78
99.79

98.93
98.96
98.99
99.02
99.05
99.07
99.10
99.13
99.15
99.18
99.20
99.22
99.25
99.27
99.29
99.31
99.33
99.35
99.37
99.39
99.41
99.43
99.45
99.46
99.48
99.50
99.51
99.53
99.54
99.56
99.57
99.59
99.60
99.61
99.62
99.64
99.65
99.66
99.67
99.68
99.69
99.70
99.71
99.72
99.73

98.85
98.88
98.91
98.94
98.97
99.00
99.03
99.05
99.08
99.10
99.13
99.15
99.18
99.20
99.22
99.25
99.27
99.29
99.31
99.33
99.35
99.37
99.38
99.40
99.42
99.44
99.45
99.47
99.49
99.50
99.52
99.53
99.54
99.56
99.57
99.59
99.60
99.61
99.62
99.63
99.65
99.66
99.67
99.68
99.69

Page 23/26

5.2.1

2018

Revised 2014



Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure

Standard Deviation Method

Quality
Index

Quor QL

Percent Within Limits for Selected Sample Sizes

N=6

N=7

N=8

N=9

N=10 N=I5

N=20 N=30 N=50 N=100

2.70
2.71
2.72
2.73
2.74
2.75
2.76
2.77
2.78
2.79
2.80
2.81
2.82
2.83
2.84
2.85
2.86
2.87
2.88
2.89
2.90
291
2.92
2.93
2.94
2.95
2.96
2.97
2.98
2.99
3.00
3.01
3.02
3.03
3.04
3.05
3.06
3.07
3.08
3.09
3.10
3.11
3.12
3.13
3.14

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.93
99.94
99.94
99.94
99.95
99.95
99.95
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.87
99.88
99.88
99.89
99.89
99.90
99.90
99.91
99.91
99.92
99.92
99.93
99.93
99.93
99.94
99.94
99.94
99.95
99.95
99.95
99.95
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97
99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99

99.80
99.81
99.82
99.82
99.83
99.84
99.84
99.85
99.86
99.86
99.87
99.87
99.88
99.88
99.89
99.89
99.90
99.90
99.91
99.91
99.91
99.92
99.92
99.92
99.93
99.93
99.93
99.94
99.94
99.94
99.95
99.95
99.95
99.95
99.95
99.96
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97

99.74
99.75
99.76
99.77
99.78
99.78
99.79
99.80
99.81
99.81
99.82
99.83
99.83
99.84
99.84
99.85
99.86
99.86
99.87
99.87
99.88
99.88
99.88
99.89
99.89
99.90
99.90
99.90
99.91
99.91
99.92
99.92
99.92
99.93
99.93
99.93
99.93
99.94
99.94
99.94
99.94
99.95
99.95
99.95
99.95

99.70
99.71
99.72
99.73
99.73
99.74
99.75
99.76
99.77
99.77
99.78
99.79
99.80
99.80
99.81
99.82
99.82
99.83
99.83
99.84
99.84
99.85
99.86
99.86
99.87
99.87
99.87
99.88
99.88
99.89
99.89
99.89
99.90
99.90
99.91
99.91
99.91
99.92
99.92
99.92
99.92
99.93
99.93
99.93
99.93
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure

Standard Deviation Method

Quality
Index

Quor QL

Percent Within Limits for Selected Sample Sizes

N=6

N=7

N=8

N=9

N=10 N=I5

N=20 N=30 N=50 N=100

3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
333
3.34
3.35
3.36
3.37
3.38
3.39
3.40
341
3.42
343
3.44
3.45
3.46
3.47
3.48
3.49
3.50
3.51
3.52
3.53
3.54
3.55
3.56
3.57
3.58
3.59

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.99

99.99

99.99

99.99

99.99

99.99

99.99

99.99

99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.95
99.96
99.96
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97
99.97
99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99

99.94
99.94
99.94
99.94
99.95
99.95
99.95
99.95
99.95
99.96
99.96
99.96
99.96
99.96
99.96
99.96
99.97
99.97
99.97
99.97
99.97
99.97
99.97
99.97
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.98
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure

Standard Deviation Method

Quality
Index

Quor QL

Percent Within Limits for Selected Sample Sizes

N=6

N=7

N=8

N=9

N=10 N=I5

N=20

N=30

N=50 N=100

3.60
3.61
3.62
3.63
3.64
3.65
3.66
3.67
3.68
3.69
3.70
3.71
3.72
3.73
3.74
3.75
3.76

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.99

99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
99.99
100.00

The estimates of lot percent within limits (PWL) provided in the tables are obtained by numerically
integrating the beta distribution function corresponding to Quality Index (Q) and Sample Size (N).

To find PWL from the tables, compute Q from the sample mean and sample standard deviation with
unknown population variability, and the lower or upper specification limits.

To find the PWL for a negative Quality Index, first get the PWL for the positive value of the Quality
Index from the tables and subtract the result from 100.
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5.2.2. ROUNDING OFF AND RANDOM SAMPLING

5.2.2.1. ROUNDING OFF OF NUMBERS

1. SCOPE

This procedure applies to all specified limits in the specifications. For the purpose of determining
conformance with the specifications and observed or calculated value shall be rounded off to the same
place as used in expressing the limiting value, in accordance with the following.

2. REFERENCED DOCUMENTS

2.1. None.

3. PROCEDURE

3.1. Determine the last significant digit to be retained.

3.1.1. When the digit next beyond the last place to be retained is less than 5, retain unchanged the digit in
the last place retained.

3.1.2. When the digit next beyond the last place to be retained is greater than 5, increase by 1 the digit in
the last place retained.

3.1.3. When the digit next beyond the last place to be retained is 5, and there are no digits beyond this 5,
or only zeros, increase by 1 the digit in the last place retained if it is odd, leave the digit unchanged if it is
even. Increase by 1 the digit in the last place retained, if there are digits beyond this 5.

3.1.4. This rounding procedure may be restated simply as follows: When rounding a number to one
having a specified number of significant digits, choose that which is nearest. If two choices are possible,
as when the digits dropped are exactly a 5 or a 5 followed only by zeros, choose that ending in an even
digit.

3.1.5. Examples: The following table indicates correct rounding-off procedures.

Examples of Rounding Off

Specified Limit Observed or Rounded to nearest Rounded Off Conform with a
Calculated Value percent Value to be used Specified Value
for Purpose of
Determining
Conformance
Nickel 56.4 1 56 No
57% min. 56.5 1 56 No
56.6 1 57 Yes
Sodium 0.54 0.1 0.5 Yes
Bicarbonate 0.55 0.1 0.6 No
0.5% max. 0.56 0.1 0.6 No
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The rounded-off value should be obtained in one step by direct rounding off of the most precise value
available and not in two or more successive roundings. For example, 89,490 rounded off to the nearest
1000 is 89,000; it would be incorrect to round off first to the nearest 100, giving 89,500 and then to the
nearest 1000 giving 90,000.

Page 2/2 5.2.2.1. 2018

Revised 2014



5.2.2.2. RANDOM SAMPLING
1. SCOPE

This method covers procedures for securing random samples from a lot by the use of random numbers
obtained from tables or generated by other methods.

Nothing in this method is intended to preclude additional testing if failing or suspect materials or
construction is encountered. Testing that is additional to the scheduled testing should occur immediately
if failing test results occur or if materials or work appears to be substandard.

2. DEFINITIONS

2.1. Lot: An isolated or defined quantity of material from a single source or a measured amount of
construction assumed to be produced by the same process. Specified amounts of asphalt concrete mix, a
stockpile of aggregates, or linear feet of roadway constructed in a day are examples of a lot.

2.1.1. Sublot: A portion of a lot. When it is not convenient to sample the entire lot, such as a specified
amount of hot mix, then it can be divided into equal sized sublots. The sublots, when combined, would
constitute the entire lot.

2.1.2. Random: Without aim or pattern, depending entirely on chance alone (not to be construed as
haphazard).

2.1.3. Sample: A small part of a lot or sublot which represents the whole. A sample may be made up of
one or more increments or test portions.

2.1.4. Random number: A number selected entirely by chance. Random numbers may be generated
electronically such as with a random number function on a calculator or spreadsheet or selected from a
table of random numbers (See Table 1).

2.1.5. Seed number: A number to provide a starting point for selection of the random numbers. The seed
number may be generated from an odometer reading, random number function on a calculator or
spreadsheet, or by pointing at the random number table.

3. USE OF RANDOM NUMBERS IN SAMPLING

3.1. Most sampling and testing for construction materials should be randomized to prevent any
unintentional bias of the results. Randomization of sampling times or locations is accomplished by using
a set of random numbers to determine the time or location for the sample. A table of random numbers is
included below.

3.1.1. Example 1: Determining when to sample.
3.1.1.1. As an example, assume ten trucks carrying equal loads are going to be used to deliver concrete

during a bridge deck placement. Select which truck to sample for compressive strength cylinders to be
molded.
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In cases such as number of trucks or tons of production, etc. round up to the next whole number because
there will not be a truck “0”. In cases involving things such as stationing there is a zero point so rounding
to the nearest number may be justified.

Generate a random number using one of the methods below. Use .456 in this example. Multiply .456 by
10 (the number of trucks) for a result of 4.56. Round this result up to a whole number, 5 in this case.
Take the concrete sample from the fifth truck.

This method can be used to select a time of day or the day of the week. If production was to occur during
an 8 hour day, multiply 8 by the selected random number, .456, to obtain a result of 3.648. If rounding is
used the sample should be taken in the fourth hour of production. Refinement could be used to select a
time down to the nearest minute if needed by using the integer, three in this case, as the hour and then
multiplying the decimal by 60 to obtain the minute, 60 X .648 or + 39 in this case. Sampling would occur
three hours thirty nine minutes into production. Use the number seven multiplied by a random number to
determine a day of the week. Sampling during production according to units, such as tons of material
produced, can be handled in the same fashion. Multiply the lot or sublot size, as required, by the random
number selected.

3.2. Example 2: Determining location for sampling.

3.2.1. Given random numbers selected:

X Y
0.338 0.922
0.763 0.198
0.043 0.737
0.810 0.747
ENGLISH EXAMPLE:

Sampling a large lot may require division into sublots to ensure all portions of a lot are represented.
Stratification into sublots is accomplished by dividing the “Lot” material (in this case, a mile of
construction or 5280 feet, 12°6” wide) into “four sublots” (each of 1320’ or 1/4 mile).

To locate a sample point station in sublot No. 1, the length of that sublot is multiplied by the “X”
coordinate for the “sublot” and the product added to the beginning station for that sublot.

Starting Station =486 + 15 486 + 15
(Xi)(1320) = (0.338) (1320) = 446’ 4446
Sample Station = 490 + 61

The sample point distance from the base line (generally centerline or the edge of pavement) is determined
by multiplying Y by the available width, in this case, 12.5 feet.

(Y1)(12.5°) =(0.922) (12.5’) = 11.5” from base line.

Thus the sample location is Sta. 490 + 61, 11.5° from base line. Keeping in mind that the second sublot
begins at station 499 + 35 (sta. 486 + 15 + 1320°), the second, third and fourth locations are determined
by the same technique. These values are:
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Sublot # 2 Sta. 509 + 42, 2.5 from base line.
Sublot # 3 Sta. 513 + 12, 9.2° from base line.
Sublot # 4 Sta. 536 + 44, 9.3’ from base line.

SI EXAMPLE:

Stratification into sublots is accomplished by dividing the “Lot” material (in this case, 2,000 meters) into
“four sublots” [each of 500 meters (2,000/4) long].

To locate a sample point station in sublot No. 1, the length of that sublot is multiplied by the “X”
coordinate for the “sublot” and the product added to the beginning station for that sublot.

Starting Station =1 + 525 1+525
(X1)(500) = (0.338) (500) = 169 meters 169
Sample Station = 1+694

The sample point distance from the base line (generally centerline or the edge of pavement) is determined
by multiplying Y by the available width.

(Y1)(3.7 m) =(0.922) (3.7 m) = 3.4 m from base line.

Thus the sample location is Sta. 1 + 694, 3.4 m from base line. Keeping in mind that the second sublot
begins at station 2 + 025 (sta. 1 + 525 + 500 m), the second, third and fourth locations are determined by
the same technique. These values are:

Sublot # 2 Sta. 2 + 407, 0.7 m from base line.
Sublot # 3 Sta. 2 + 547, 2.7 m from base line.
Sublot # 4 Sta. 3 + 430, 2.8 m from base line.

4. Methods for selection of random numbers.

4.1. Use of calculators or spreadsheet functions.

4.1.1. Many calculators have a random function. Review the manual for a given calculator to determine
how to access this function. Sets of random numbers may be generated directly from the calculator by
repeated use of this function.

4.1.2. Most spreadsheets also have a function to generate random numbers. Insert the random number
function into a cell and press enter. A random number will be generated. Copy that cell as needed to
produce the required quantity of random numbers. It may be necessary to reformat the cells to have only

three decimal places. Read the manual for the specific spreadsheet for more detail on use.

NOTE: The District Materials Engineer may require a different method of generating random numbers to
be used if an electronic method is determined to not be truly random.

4.2. Use of the Random Number Table (Table 1).

4.2.1. Use of the random number table requires the use of “seed” numbers to provide starting points for
selection of the random numbers. A seed number can be obtained by several methods including odometer
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readings, generation by a random number function of a calculator or spreadsheet or by “pointing” if
necessary.

4.2.1.1. Using an odometer reading such as 78642 as a seed number, use the digit farthest to the right (2)
to select the column in the table. Use the next two digits to the left (64) to select the row.

If the seed number for the column is 0, use column 10 and if the seed for the row is 00, use row 100. In
this case finding the intersection of the row and the column yields the number 0.338. Use this as a
starting position and count down the column for the required number of samples. Selecting numbers for
an X coordinate for three samples yields 0.338, 0.763 and 0.043.

Ifa'Y coordinate is also required use the fourth digit from the right for the column and the next two digits
to the left, for the row. In this example that would yield column 8 and row 07 producing a starting point
at number 0.521. If a total of three samples are required, counting down two more places yields numbers
0.937 and 0.912.

Using this example, pairs of numbers for determining three X and Y coordinates are obtained, (0.338,
0.521), (0.763, 0.937) and (0.043, 0.912). Any amount of numbers required may be selected this way. If
ten samples are required count down the column until ten numbers are selected.

Once the bottom of a column has been reached go to the top of the next column to the right and
countdown to obtain more numbers, if the bottom of column 10 is reached go to the top of column 1.

Use of the odometer to generate seed numbers is not recommended if more than one set of X and Y pairs
of random numbers is required in a relatively short period of time due to the slow change of the left
odometer numbers.

4.2.1.2. Seed numbers may be obtained by using the random number function of a calculator or
spreadsheet. In the above example the same results would have occurred if a calculator returned .264 for
the first seed number. Use the first digit (2) to select a column and the second two digits (64) for the row.
If using the random number function again produced 0.837, and then the same numbers would have been
generated for the Y coordinate as in the above example.

4.2.1.3. Seed numbers may be obtained by “pointing” also. Lay copies of both pages of Table 1 side by
side and with eyes closed place a pointer on the table to select a seed number. Use this number as in the
above example. Suitable pointers would be any device with a small tip such as a pin or a mechanical
pencil.
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Table 1 Random Numbers

1 2 3 4 5 6 7 8 9 10
1 0.293 0.971 0.892 0.865 0.500 0.652 0.058 0.119 0.403 0.234
2 0.607 0.840 0.428 0.857 0.125 0.143 0.562 0.692 0.743 0.306
3 0.161 0.182 0.544 0.646 0.548 0.384 0.347 0.330 0.869 0.958
4 0.856 0.103 0.019 0.990 0.370 0.094 0.967 0.642 0.332 0.717
5 0.779 0.795 0.262 0.276 0.236 0.537 0.465 0.712 0.358 0.090
6 0.036 0.475 0.100 0.813 0.191 0.581 0.350 0.429 0.768 0.574
7 0.028 0.569 0.915 0.344 0.009 0.523 0.520 0.521 0.002 0.970
8 0.442 0.320 0.084 0.623 0.859 0.608 0.714 0.937 0.559 0.943
9 0.045 0.878 0.108 0.876 0.466 0.117 0.005 0.912 0.150 0.887
10 0.625 0.906 0.957 0.145 0.616 0.606 0.279 0.207 0.337 0.242
11 0.962 0.457 0.424 0.102 0.462 0.885 0.710 0.352 0.617 0.781
12 0.938 0.696 0.085 0.916 0.844 0.281 0.254 0.528 0.470 0.267
13 0.431 0.960 0.653 0.256 0.944 0.928 0.809 0.543 0.739 0.776
14 0.755 1.000 0.072 0.501 0.805 0.884 0.322 0.235 0.348 0.900
15 0.139 0.365 0.993 0.091 0.599 0.954 0.693 0.249 0.925 0.637
16 0.064 0.040 0.219 0.199 0.055 0.732 0.105 0.505 0.661 0.579
17 0.701 0.450 0.950 0.218 0.067 0.531 0.979 0.783 0.934 0.096
18 0.659 0.406 0.800 0.525 0.339 0.936 0.719 0.029 0.825 0.215
19 0.804 0.580 0.754 0.690 0.629 0.794 0.841 0.131 0.388 0.168
20 0.261 0.456 0.158 0.774 0.673 0.289 0.982 0.371 0.666 0.121
21 0.604 0.471 0.020 0.870 0.624 0.349 0.426 0.529 0.634 0.214
22 0.587 0.083 0.635 0.038 0.767 0.473 0.939 0.647 0.449 0.691
23 0.947 0.292 0.217 0.183 0.366 0.172 0.156 0.570 0.583 0.185
24 0.351 0.025 0.224 0.432 0.752 0.636 0.664 0.582 0.622 0.213
25 0.165 0.184 0.516 0.099 0.353 0.920 0.097 0.519 0.197 0.126
26 0.725 0.931 0.309 0.436 0.782 0.389 0.707 0.297 0.709 0.803
27 0.253 0.506 0.656 0.343 0.974 0.898 0.162 0.879 0.393 0.231
28 0.498 0.414 0.576 0.427 0.662 0.345 0.877 0.385 0.122 0.051
29 0.104 0.301 0.346 0.905 0.918 0.572 0.838 0.092 0.282 0.260
30 0.035 0.075 0.518 0.280 0.115 0.611 0.362 0.062 0.578 0.567
31 0.503 0.421 0.697 0.610 0.147 0.049 0.545 0.452 0.852 0.497
32 0.274 0.205 0.778 0.472 0.245 0.951 0.671 0.932 0.713 0.731
33 0.314 0.032 0.468 0.493 0.252 0.833 0.812 0.445 0.904 0.324
34 0.400 0.422 0.592 0.854 0.832 0.527 0.605 0.797 0.089 0.455
35 0.807 0.593 0.989 0.997 0.910 0.722 0.645 0.534 0.021 0.327
36 0.118 0.377 0.711 0.871 0.024 0.251 0.433 0.814 0.577 0.216
37 0.007 0.288 0.372 0.727 0.014 0.259 0.037 0.922 0.460 0.230
38 0.476 0.011 0.265 0.188 0.317 0.603 0.981 0.198 0.853 0.977
39 0.275 0.700 0.745 0.535 0.179 0.902 0.706 0.737 0.133 0.748
40 0.721 0.237 0.283 0.070 0.644 0.614 0.942 0.747 0.123 0.880
41 0.980 0.716 0.819 0.079 0.526 0.071 0.828 0.536 0.463 0.909
42 0.359 0.789 0.135 0.555 0.394 0.444 0.775 0.269 0.510 0.845
43 0.733 0.598 0.059 0.921 0.816 0.381 0.454 0.477 0.596 0.250
44 0.192 0.968 0.430 0.699 0.295 0.383 0.266 0.401 0.542 0.286
45 0.354 0.799 0.004 0.232 0.633 0.682 0.638 0.897 0.485 0.695
46 0.496 0.012 0.243 0.985 0.355 0.612 0.315 0.760 0.392 0.541
47 0.494 0.113 0.773 0.867 0.824 0.976 0.323 0.134 0.761 0911
48 0.780 0.687 0.318 0.202 0.331 0.264 0.670 0.848 0.114 0.495
49 0.023 0.027 0.930 0.031 0.843 0.730 0.919 0.858 0.866 0.360
50 0.086 0.335 0.631 0.247 0.120 0.965 0.675 0.999 0.601 0.948
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Table 1 (Cont)

1 2 3 4 5 6 7 8 9 10
51 0.940 0.312 0.994 0.564 0.946 0.886 0.016 0.112 0.169 0.241
52 0.547 0.336 0.382 0.017 0.836 0.632 0.175 0.053 0.441 0.821
53 0.376 0.620 0.399 0.765 0.618 0.203 0.530 0.124 0.132 0.326
54 0.586 0.268 0.109 0.378 0.434 0.734 0.551 0.894 0.464 0.321
55 0.018 0.409 0.539 0.144 0.703 0.180 0.478 0.688 0.929 0.674
56 0.588 0.227 0.896 0.758 0.826 0.504 0.512 0.026 0.863 0.481
57 0.305 0.689 0.137 0.319 0.558 0.418 0.277 0.992 0.766 0.447
58 0.831 0.899 0.208 0.698 0.676 0.195 0.808 0.759 0.738 0.439
59 0.626 0.827 0.959 0.440 0411 0.861 0.850 0.686 0.159 0.374
60 0.201 0.895 0.480 0.270 0.369 0.407 0.082 0.749 0.057 0.435
61 0.030 0.167 0.509 0.419 0.508 0.181 0.490 0.875 0.830 0.482
62 0.136 0.065 0.416 0.116 0.907 0.556 0.095 0.110 0.395 0.736
63 0.591 0.600 0.405 0.657 0.013 0.651 0.225 0.340 0.146 0.155
64 0.487 0.338 0.170 0.006 0.263 0.173 0.228 0.008 0.010 0313
65 0.364 0.763 0.391 0.790 0.589 0.003 0.998 0.257 0.984 0.437
66 0.996 0.043 0.793 0.522 0.705 0.248 0.924 0.609 0.639 0.423
67 0.063 0.810 0.189 0.769 0.488 0.152 0.221 0.978 0.329 0.229
68 0.513 0.333 0.540 0.160 0.461 0.683 0.285 0.750 0.557 0.311
69 0.176 0.054 0.341 0.484 0.860 0.046 0.278 0.244 0.222 0.864
70 0.549 0.835 0.398 0.829 0.459 0.153 0.728 0.822 0.106 0.756
71 0.298 0.514 0.945 0.648 0.784 0.154 0.499 0415 0.397 0.255
72 0.888 0.764 0.602 0.220 0.684 0.081 0.868 0.272 0.987 0.802
73 0.654 0.995 0.073 0.655 0.041 0.811 0.367 0.226 0.438 0.107
74 0.650 0.467 0.210 0.204 0.762 0.420 0.680 0.334 0.723 0.446
75 0.039 0.022 0.823 0.087 0.076 0.568 0.515 0.223 0.561 0.316
76 0.291 0.791 0.788 0.396 0.212 0.138 0.357 0.304 0.575 0.342
77 0.834 0.373 0.584 0.694 0.613 0.817 0.129 0.546 0.425 0.290
78 0.511 0.375 0.048 0.923 0.001 0.088 0.258 0.166 0.787 0.837
79 0.538 0.174 0.068 0.052 0.640 0.148 0.093 0.553 0.565 0.862
80 0.560 0.724 0.975 0.818 0.796 0.379 0.069 0.034 0.792 0.757
81 0.492 0.820 0.489 0.872 0.770 0.991 0.704 0.050 0.874 0.621
82 0.890 0.356 0.451 0.554 0.649 0.507 0.061 0.479 0.211 0.273
83 0.966 0.798 0917 0.141 0.368 0.193 0.443 0.751 0.458 0.746
84 0.517 0.715 0.777 0.742 0.839 0.307 0.246 0.956 0.665 0.111
85 0.786 0.328 0.015 0.643 0.882 0.815 0.963 0.590 0.855 0.891
86 0.047 0.702 0.287 0.177 0.164 0.552 0.296 0413 0.941 0.849
87 0.681 0.678 0.563 0.851 0.726 0.801 0.573 0.056 0.140 0.641
88 0.404 0.842 0412 0.893 0.935 0.744 0.386 0.299 0.178 0.881
89 0.033 0.042 0.753 0.660 0.685 0.171 0.408 0.060 0.550 0.302
90 0.128 0.658 0.667 0.926 0.239 0.127 0.903 0.483 0.300 0.597
91 0.973 0.933 0.361 0.595 0.186 0.901 0914 0.190 0.303 0.098
92 0.672 0.729 0.163 0.310 0.196 0.964 0.486 0.308 0.735 0.474
93 0.524 0.402 0.628 0.410 0.846 0.206 0.585 0.566 0.044 0.627
94 0.720 0.157 0.238 0.078 0.233 0.771 0.533 0.986 0.077 0.101
95 0.983 0.669 0.927 0.066 0.080 0.740 0.969 0.630 0.619 0.200
96 0.294 0.387 0.988 0.961 0913 0.679 0.284 0.949 0.380 0.785
97 0.668 0.149 0.972 0.187 0.151 0.502 0.718 0.453 0.953 0.491
98 0.130 0.708 0417 0.594 0.209 0.663 0.908 0.271 0.532 0.741
99 0.883 0.677 0.615 0.469 0.363 0.142 0.952 0.325 0.194 0.847
100 0.889 0.772 0.390 0.571 0.873 0.806 0.448 0.955 0.240 0.074
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5.2.3. REASONS FOR QUALITY CONTROL/QUALITY ASSURANCE (QC/QA) AND THE
CERTIFIED INSPECTOR TRAINING AND TESTING PROGRAM (CIT?)

1. Compliance with Specifications.

The primary reason for requiring inspection, sampling and testing of materials, through an adequate and
effective QC/QA system for materials used in a project, is for KDOT to verify that all materials furnished
by the contractor and incorporated into the work and the completed work itself meet the requirements of
the contract documents (plans, specifications, special provisions and other supplemental documents).

Specifications and plans have been prepared to require the use of materials that are expected to perform
satisfactorily with minimal maintenance throughout the life of the facility. Any material that deviates
from specification or plan limits will not perform as expected, and, in all probability, will shorten the life
of the facility or add appreciably to the cost of its maintenance. Inspectors are expected to review the
applicable clauses and covenants of the Standard Specifications at regular intervals.

2. Uniform Relations with Contractors and Producers.

The contract documents provide an equitable basis for bidding by contractors since they define the
requirements that are to be met. The contractors who bid the work and producers supplying material to
the contractors commit to KDOT to furnish materials and completed work that will equal or exceed such
requirements.

The Engineer must determine, through quality assurance measures that the contractor is providing and the
State is receiving what is specified under the contract. The Engineer should accept nothing less for the
use of taxpayer funds.

It is essential that quality assurance be applied uniformly by all engineers and inspectors from project to
project so that all contractors and suppliers are treated alike. This manual provides guidance to the
Engineer and inspector on interpretation of the specifications and the application of quality assurance, so
no contractors or producers are given an unfair advantage over other contractors and producers.

3. Documentation of Expenditure of Public Funds.

When payment is to be made to the contractor for materials furnished and work performed, the duly
designated state official must authorize disbursement of public funds for this purpose. The disbursing
officer must depend upon others for evidence to support the expenditure. Through the materials quality
assurance system, the Field Engineer will acquire substantiating data in the form of test results, inspection
records and measurements to justify acceptance of the contractor's work. Thus the Engineer can assure
and furnish documentation to the officials responsible for authorizing payment that the contractor has
fulfilled its obligation and is entitled to full or adjusted payment as provided for in the contract
documents.

In case of failure to meet the minimum requirements, quality assurance data will constitute the basis for
rejection of work as unacceptable.

Complete records, including test and inspection reports covering acceptance or rejection, should be
maintained in the Engineer's project files while the necessary copies should be furnished to the
appropriate headquarters personnel as needed for verification and as supporting evidence for payment
documents.
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4. Compliance with Federal Regulations

Title 23, Chapter 1, Part 637 of the Code of Federal Regulations includes many requirements which must
be adhered to for Federal-aid highway construction. Some of these requirements include:

State Transportation Departments have a Quality Assurance program in place.

Testing of highway materials is performed by Qualified Laboratories.

State Transportation Departments have an Independent Assurance program in place.

Sampling of materials used in highway construction is accomplished in a Random manner.
Qualified personnel are used for sampling and testing of materials used in highway construction.

Part 637 defines Quality Assurance as “All those planned and systematic actions necessary to provide
confidence that a product or service will satisfy given requirements for quality”. A Quality Assurance
Program is required under 637.205 which states in part: “Each STD (State Transportation Department)
shall develop a quality assurance program which will assure that the materials and workmanship
incorporated into each Federal-aid highway construction project on the NHS are in conformity with the
requirements of the approved plans and specifications”.

Other requirements and definitions can be found on the Government Printing Office website:
http://www.gpo.gov/fdsys/browse/collectionCfr.action?collectionCode=CFR. KDOT administers its state
quality program in accordance with federal regulations and requirements.

5. Reasons for the Certified Inspection and Testing Training Program (CIT?).

As noted above, the use of qualified personnel is required for sampling and testing of materials used in
highway construction. This requirement is expressed in 637.209(b) “Sampling and testing personnel.
After June 29, 2000, all sampling and testing data to be used in the acceptance decision or the [A program
shall be executed by qualified sampling and testing personnel.” The State defines qualified personnel as
those certified through the Certified Inspection and Testing Training Program (CIT?).

The following is an excerpt from the CIT? manual giving an overview of the program:

“The Kansas Department of Transportation (KDOT) has established this training program to
educate, test and certify those individuals responsible for performing inspection and testing functions on
KDOT construction projects. KDOT’s Bureau of Construction and Materials has responsibility for the
establishment and administration of the materials portion of the KDOT’s Quality Control/Quality
Assurance (QC/QA) Program. The Bureau develops standards and specifications for materials,
establishes sampling procedures and frequencies, and test procedures used in the laboratory and the field
in order to assure compliance with specifications. It performs materials testing to assist each of the six
KDOT districts in administering quality assurance functions of the QC/QA Program. Such testing
includes tests on materials purchased by contractors or the State for use in maintenance or construction
activities. The Bureau also conducts tests on soils, concrete, bituminous mixtures and numerous other
specialized materials, the results of which are used by others for a variety of reasons.”

“Quality control and quality assurance activities involve the routine sampling, testing and
analysis of various materials to determine the quality of a given product and to attain a quality product.
The goal of the Certified Inspection and Testing Training Program (CIT2) is to provide persons engaged
in the inspection and/or testing of KDOT construction projects specific training in, but not limited to,
soils, aggregates, and concrete and/or asphalt disciplines.”
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“Each student is required to demonstrate specific abilities as defined by the training modules
described in the CIT2 manual.” The manual can be found online at:
http://www.ksdot.org/descons.asp#CIT.”

Page 3/3 523 2018

Revised 2016


http://www.ksdot.org/descons.asp#CIT




5.2.4. PROCEDURES FOR QUALITY ASSURANCE
1. General

KDOT has two procedures for assuring quality on project produced materials. The two Sampling and
Testing Frequency Charts in Appendix A and B help clarify some of the differences between the two
procedures.

1.1. The older of the two is “Method Specs”. Under this procedure, KDOT’s test results are used as the
basis of acceptance for project produced materials, and the contractor is not required to conduct quality
control testing, although the contractor may choose to do so.

1.2. A more current procedure is “QC/QA” specifications. Under this method of quality assurance, the
contractor conducts quality control testing, and these test results can be used as a basis of acceptance,
provided KDOT’s quality assurance verifies the results.

2. Authorized Personnel.

2.1. Under a “method spec”, all inspection, sampling and testing for acceptance must be performed by an
authorized representative of the Kansas Department of Transportation. The representative may be an
employee of the Kansas Department of Transportation, an employee of another highway agency or an
employee of a commercial testing laboratory or inspection agency. The contractor's/producer's process
control test results may be used for partial acceptance when allowed by the contract documents. (See
basis of acceptance.)

Arrangements for inspection and sampling of materials by agencies other than the Department are made
by the Chief, Bureau of Construction and Materials.

Samples submitted to the laboratory for tests by unauthorized individuals or agencies will not be tested
except by authorization of the Chief, Bureau of Construction and Materials.

2.2. Under “QC/QA” specifications, all technicians must demonstrate qualifications for each Test Group
in which they wish to conduct materials sampling and testing. These qualifications include some type of
certificate for the completion of a training program or a combination of demonstration of the test
procedures and completion of written exams covering the group of test methods. For a list of Test
Groups, see Appendix C. Acceptable certifications include KDOT training and testing, training
conducted at KSU-Salina or Manhattan, American Concrete Institute certification, or a certificate of
completion from a program similar to those described and issued or approved by another state’s DOT.
KDOT has final judgment on a technician’s qualifications.

Certification in one group may be required before attendance in the certification course of another group.
For example, Aggregate Field is required before a technician may attend the Superpave Field training.

All contractors conducting QC/QA sampling and testing for KDOT projects are responsible for the annual
calibration and verification of their equipment by an AASHTO Accredited Laboratory using NIST
traceable equipment, or by some other NIST traceable source (see Appendix C for calibration and
verification frequencies). Calibrations and verifications required more often than every 12 months may
be conducted by the contractor if the equipment is checked annually by an AASHTO Accredited
Laboratory. Equipment will be made available to the District Materials Engineer for spot checks of the
calibrations when necessary.
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2.3. All technicians conducting sampling and testing for the State of Kansas projects are given a unique
number for tracking in the Contract Management System (CMS). The system also lists the group of tests
that the technician is authorized or qualified to conduct.

The contractor and KDOT Construction Offices must submit a list of qualified technicians that will be
conducting sampling and testing on a project to the District Materials Engineer before work begins on the
project. Include each technician’s CMS identification number and the possible group of tests to be
conducted by the technician on the list. The District Materials Engineer will run a sort against CMS to
determine if Independent Assurance requirements have been completed for each technician during that
calendar year. They will make an attempt to schedule such activity during the course of the project if
required.

3. Inspection and Sampling Procedures.

3.1. Contract Requirements: The first activity in the inspection and sampling of a product is to determine
the specified requirements for the material. The project listing issued by the Bureau of Construction and
Materials and the contract documents should be reviewed to determine if there are special provisions
covering the product. If there are none, then the plans and Standard Specifications are applicable. If
dimensions and other details are not covered by the Standard Specifications and special provisions, then
the necessary information must be obtained from the plans.

When reviewing contract requirements for a product, the following statement from the Standard
Specifications should be kept in mind: "In case of discrepancy, calculated dimensions will govern over
scaled dimensions; Plans will govern over Standard Specifications; Special Provisions will govern over
Plans; and Project Special Provisions will govern over Special Provisions."

The applicable specifications, special provisions and plans must be carefully studied and notes outlining
pertinent requirements should be made for reference during the actual inspection procedure.

3.2. Visual Inspection: To prevent incorporation of "out of specification" material into the work and to
prevent an injustice to the producer or the supplier by rejecting "specification material," it is essential that
each sample truly represent the material being inspected. Therefore, before most material is sampled, it
must be subjected to a careful visual inspection. If the material to be sampled involves many individual
units such as concrete blocks, culvert pipe, bolts and nuts, castings, etc., the entire lot offered for
inspection must be carefully examined for workmanship, defects, dimensions if specified, finish and
uniformity.

Any units which visual inspection shows to be outside specified limits should be immediately rejected
and not sampled. It is emphasized that the Department is not a "culling" agency and if it is found that
more than 10 to 15% of the units in a lot fall outside the specified limits, the entire lot should be rejected.
If the producer or supplier elects to cull the lot and remove all non-specification units, the new lot may be
re-inspected and sampled.

3.3. Sampling: When sampling materials, refer to section 5.9. for specific instructions on sampling
procedures for specific materials. In situations not covered by section 5.9, contact the District Materials
Engineer for assistance.

3.4. Identification of Materials: It is essential that all material be properly marked for identification when
the material is inspected and sampled. The identification must be such that the Field Engineer can readily
associate the material with the inspection and/or test report for the lot of material covered by the
inspection.
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If the number of units is not too large, each unit must be tagged or stenciled with a laboratory or other
number assigned by the inspector. When a large number of units are involved in a lot, identification is
placed on a number of units on a random basis.

3.5. Identification of Samples: Properly executed Contract Management System (CMS) Sample ID
screens or information sheets must be prepared for each sample or group of samples submitted to the
laboratory for test. All appropriate items on the sheet or screen must be filled out so that the sample will
be identified with the lot of material that it represents. It is especially important that the quantity of
material represented by each sample be shown in order for the Field Engineer to account for all materials
received on the project. Further details are set forth in section 5.4. of this manual.

3.6. Inspection at Destination: All materials that arrive on the project are to be inspected by the Engineer
prior to being incorporated into the work and all such inspections should be carefully documented. It
must be understood that the final acceptance or rejection of all materials should be made at the project site
just prior to incorporation of the material in the work.

Subject items that have previously been inspected, tested and accepted to visual inspection to ascertain
possible damage during shipment, laboratory numbers or other identification assigned during the initial
inspection and general conformance with dimensional requirements.

Visually examine all items accepted by certification at destination to ensure conformance with

dimensional and/or other requirements, to ensure that the identification on the material correspond with
the identification on the certifications, and to ensure that the material was not damaged during shipment.
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5.2.5. QUALITY CONTROL/QUALITY ASSURANCE (QC/QA) TESTS

1. General

This section establishes terminology and procedures for the various tests that are included in the
QC/QA system.

2. Definitions

2.1. Acceptance Program - All factors that comprise the State’s determination of the degree of
compliance with contract requirements and value of a product. These factors include the State’s
sampling, testing and inspection, and validated results of contractor sampling and testing.

2.2. Assurance Sampling and Testing - Split or replicate samples used as an independent check
of the sampling and testing procedures and equipment. These samples are to assure testing is
being performed properly by both the contractor’s and the State’s personnel. The results of
assurance tests are not to be used as a basis of material acceptance.

2.3. Dispute Resolution - The procedure used to resolve conflicts resulting from discrepancies
between the State’s verification results and the Contractor’s quality control results of sufficient
magnitude to impact payment. Any laboratory used for dispute resolution must be accredited by
the AASHTO Accreditation program for the tests to be performed.

2.4. Independent Assurance (IA) - IA is an unbiased and independent verification of the Quality
Assurance system used and of the reliability of the test results obtained in the regular sampling
and testing activities. KDOT’s IA will consist of observations by independent personnel to
assure that specified procedures are followed (witnessing), and split or replicate sampling and
testing.

2.5. Quality Assurance (QA) - All those planned and systematic actions necessary to provide
adequate confidence that a product or service will satisfy given requirements for quality. QA
activities include: acceptance, independent assurance, verification, and prequalification sampling
and testing; inspection; reporting of results; and any follow up that may be necessary due to test
failure. Without these actions, it would be impossible for the Engineer to accurately verify
compliance or in many cases the level of compliance with the requirements of the contract
documents.

2.6. Quality Control (QC) - The sum total of operational techniques and activities performed or
conducted by the contractor and/or producer to make sure that a product meets contract
specification requirements. QC activities generally are outlined in a contractor's process control
plan which lists such items as types of tests to be performed, sampling locations, sampling
frequencies, equipment calibration procedures and frequencies, and documentation procedures.

2.7. Qualified Laboratories - Laboratories used for sampling and testing of materials are those
approved through appropriate programs as determined by KDOT.
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2.8. Qualified Technician - Personnel who are certified through appropriate programs as
determined by KDOT.

2.9. Replicate Tests - Tests performed by independent assurance personnel using equipment
other than that used by project personnel, but performed on a portion of the sample used by
project personnel.

2.10. Split Samples - Sampling and splitting of the material conducted under the observation of
independent assurance personnel. Tests on separate portions are performed by KDOT
designated independent assurance personnel using equipment other than that used by project
personnel.

2.11. Verification Sampling and Testing - Sampling and testing performed to validate the quality
of the product or to check the adequacy of mix designs. If quality control sampling and testing is
used in the acceptance program, verification sampling and testing will also be used to validate
the quality control sampling and testing. Verification samples are independent samples obtained
by KDOT.

2.11.1. On Grade Concrete Aggregate (OGCA) Production Samples - Sampling and testing
procedures utilized to verify that the production of OGCA complies with the specification
quality requirements

2.12. Other - sampling and testing by the District Materials laboratories not otherwise designated
in this instruction or specified in the Sampling and Testing Frequency Chart, such as
determination of asphalt content in maintenance mixes, or a Marshall design.

3. Independent Assurance

KDOT uses a systems-wide approach to Independent Assurance Sampling and Testing of project
produced materials. Each test is included in one of the following Groups according to the type of
material: Aggregates, Concrete, Asphalt Mixes, and Soils. A breakdown of requirements for
each Group is provided in Appendix C. Independent assurance will be conducted once per
calendar year per technician per group of tests performed by that technician during that year. It
may not be possible to witness all the tests within a group during the assurance process. There
are, however, critical Core Tests within each group that must be witnessed before annual
Independent Assurance requirements are completed by a technician for that group of tests.
These Core Tests are marked with a double asterisk (**) on the list in Appendix C.

KDOT’s MRC at 2300 Van Buren is AASHTO Accredited. District Materials personnel are
responsible for conducting the independent assurance witnessing and testing. The equipment
that the Districts use to conduct independent assurance testing is calibrated or verified annually
by the MRC personnel, by another AASHTO Accredited Laboratory, or by outside NIST
traceable sources.

Independent Assurance consists of witnessing the technician properly conduct the test, and split
or replicate samples. The District conducts the split or replicate testing whenever possible
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during the independent assurance process. KDOT may hire, train, and evaluate personnel from
independent laboratories to conduct independent assurance witnessing for KDOT. KDOT will
still conduct the split sample testing. The independent laboratory need not be AASHTO
Accredited since the personnel would be acting on behalf of KDOT.

4. Comparison Procedures

4.1. Assurance Samples. Acceptable variations for between laboratory reproducibility are listed
in Appendix C. Precision statements from ASTM or AASHTO test procedures are used when
available, and these statements are included in the KT Methods. Where precision statements are
not available the standard deviations from the last 10 AMRL Proficiency Samples are used to
calculate the 95% reproducibility limit (between laboratories) — d2s as defined in ASTM E-177.
These calculated values are reviewed annually for applicability and may be adjusted when
warranted. Where precision statements and AMRL Samples are not available, the Engineer will
use the Engineer’s discretion to determine acceptable variations. The comparisons are made by
personnel who are knowledgeable of testing variation and who have the authority to resolve any
problems in equipment, procedures, etc.

4.2. Under a “method spec” the numerical results obtained on Verification Samples are
compared promptly with the specifications, or certified results, as applicable. Appropriate action
is taken by the person responsible for making comparisons in each case. In the case of
verification sample test results obtained at the MRC, the Engineer of Tests informs the district of
any test results which do not comply with specifications and retains the reports pending receipt
of information from the district regarding its investigation of circumstances for non-compliance
and corrective action taken, if needed, resulting from its investigation.

Under QC/QA specifications, Verification test results are statistically compared to the
contractor’s test results by the use of the F and T tests outlined in section 5.2.6. or some other
statistically valid practice. Use F & T tests only when enough verification results are available.
KDOT prefers results from at least 3 to 5 verification tests for statistical comparisons. If the data
passes the T test, use the contractor’s numbers to calculate pay quantities. If the data fails the T
test, use KDOT’s numbers to calculate pay quantities.

4.3. Reports of Verification Samples shall show sufficient information to facilitate comparison
with the corresponding Acceptance Test, related certifications, or producer's test results.

4.3.1. When statistical comparisons are made, include a comment in the report similar to one of
the following:

4.3.1.1. "Statistical comparison of results indicates it is reasonable to assume all associated
samples came from the same population."

4.3.1.2. "Statistical comparison of results indicates it is reasonable to assume all associated
samples did not come from the same population (or lot)."

4.3.2. When no statistical comparison can be made, include a comment in the report similar to
one of the following:
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4.3.2.1. "The results of this test appear to agree reasonably well with data reported previously for
this project.

4.3.2.2. "Comparison of these data with data reported previously for this product indicates that
further monitoring or corrective action is merited."

5. Dispute resolution

If a dispute exists between the Engineer and the contractor about the validity of the other’s test
results, the KDOT Materials Research Center will perform referee testing. If one of the disputed
Department test results was generated at the MRC, then an Independent AASHTO Accredited
Laboratory agreeable to both parties will be selected. If referee testing indicates that the
department’s test results are correct then the contractor pays for the additional testing, including
referee testing performed at the MRC. If the referee testing indicates that the contractor’s test
results are correct then the Department pays for the additional testing.

6. Sampling and Testing Frequency

6.1. The two Sampling and Testing Frequency Charts (Appendix A and Appendix B) reflect
the minimum rate for sampling and testing. It is understood that if a problem occurs, more
samples or tests may be necessary.

6.1.1. It is also intended that Verification and Assurance Samples may be used for items other
than those required by the Sample and Testing Frequency Chart. However, Assurance Samples
will never be used for Acceptance.

7. Reporting Procedures

7.1. Assurance Samples are reported in CMS on the data input screen appropriate for the item
being tested. Identify the individual tests by CMS ID nos. or by the Assurance Sample Number
(assigned by the District Materials Engineer), the name of the person requesting the sample, and
the appropriate sample number used by the group performing the test or a notation as to which
group performed each test.

When entering split and replicate samples into CMS the contractor’s or field personnel’s results
are entered as Sample A and the District’s or MRC’s results are entered as Sample B under the
same CMS sample ID number.

7.2. Contractors do not currently have access to CMS. District or field personnel are responsible
for entering Acceptance and Verification test results into CMS. When test results on Acceptance
Samples fall outside of the specification limits, underline or circle in red the points of
noncompliance. This option is not available in CMS.

7.3. Number of copies and distributions:
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Non CMS

Bureau of Construction and Materials - 1 copy
District Engineer - 1 copy
Field Engineer - 1 copy

CMS

In CMS it is the users responsibility to identify the need for information
and obtain such information. Information can be obtained using on-line
service or ordering reports.

8. Responsibility

The Chief of Construction and Materials will maintain a complete file of non-CMS reports on
Assurance Samples, Acceptance Samples, Verification Samples and other tests. District
Materials Engineers are responsible for forwarding these reports to the Bureau of Construction
and Materials.

8.1. The District Materials Engineer is responsible for reporting the results on all Assurance
Samples performed in the District and may be required to perform Acceptance Tests shown on
the Sampling and Testing Frequency Chart in Appendix A or Verification Tests shown in
Appendix B. In addition, performance of additional tests such as, but not limited to, Marshall
Designs, Soil Compaction Standards, and Asphalt Extractions will be required.

8.2. The Engineer of Tests is responsible for reporting results on samples that are submitted to
the Materials and Research Center for Test.

8.3. The Field Engineer is normally responsible for the Acceptance Tests shown on the Sample
and Testing Frequency Chart in Appendix A or the Verification Tests shown in Appendix
B.
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5.2.6 COMPARISON OF QUALITY CONTROL AND VERIFICATION TESTS

This procedure is carried out to compare two different sets of multiple test results for finding the same
parameter. Typical example would be comparing contractor QC test results and KDOT verification test
results to determine if the material under test came from the same population. The statistical test which
would be used to compare two means would be popularly known as Student's t-test or simply t-tests for
testing a null hypothesis (Ho) with certain confidence (e.g. 99%) or level of significance (risk of rejecting
a null hypothesis when it is true, e.g., 1%) is as follows:

Ho:  There is no difference in the sample means, ie. the means are statistically
equal

If the test results do not support this hypothesis than an alternate hypothesis (Ha) is accepted as:
Ha: The means are different, ie. the means are not statistically equal

This test is generally applicable when the number of tests (or observations as is known in
Statistics) is less than or equal to 30. However, since the approach used in the t-test is dependent upon
whether or not the variances (square of the sample standard deviation) are equal for the two sets of data, it
is necessary to test the variances of the test results before comparing the means of the test results.
F-test for the Sample Variances
The F-test determines whether the difference in the variability of the contractor's QC tests and that of
KDOT's verification tests is larger than might be expected from chance if they came from the same
population. In this case, a hypothesis testing is done at a certain level of significance. The null

hypothesis in the test is:

Ho:  There is no difference in the sample variances, ie. the variances are
statistically equal

If the test results do not support this hypothesis than an alternate hypothesis is accepted as:
Ha.: The variances are different, i.e. the variances are not statistically equal

The following steps need to be followed in doing an F-test:

1) Compute the variance (the standard deviation squared) for the QC tests, s, and

the KDOT verification tests, s
i) Compute F statistic as:
2 2 2 2
F=s./sjors; /s.
Always use the larger of the two variances in the numerator.

i) Choose the level of significance, a, for the test. The recommended a is 1%.
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iv) Find the critical F value Fei, from the Table 1 using the degrees of freedom associated
with each set of test results. The degrees of freedom for each set of results is the number of test results in
the set, less one. If the number of QC tests is n. and the number of verification tests is n,, then the

degrees of freedom associated with s is (n.-1) and the degrees of freedom associated with s> is (1,-1 ).

The values in Table 5.17.08-1 are tabulated to test if there is a difference (either larger or smaller)
between two variance estimates. This is known as a two-sided or two-tailed test. Care must be taken
when using other tables of the F distribution , since they are usually based on a one-tailed test, ie., testing
specifically whether one variance is larger than another. When finding F.; be sure that the appropriate
degrees of freedom for the numerator and denominator are used.

V) Find the value for F: from Table 1.

vi) IfF 2 Faic, then the null hypothesis is rejected i.e. the two sets of tests have significantly
different variabilities. If F < Fc then there is no reason to believe that the variabilities are significantly
different.

t-test for Sample Means

Once the variances have been tested and been assumed to be either equal or not equal, the means of the
test results can be tested to determine whether they differ from one another or can be assumed equal. The
desire is to determine whether it is reasonable to assume that the QC tests came from the same population
as the verification tests. As mentioned before, a t-test is used to compare the sample means. Two
approaches for the t-test are necessary.

If the sample variances are assumed equal, then the t-test is conducted based on the two samples using a
pooled estimate for the variance ( sf, ) and the pooled degrees of freedom. If the sample variances are

found to be different in the F-test, the t-test is conducted using the individual sample variances, the
individual sample sizes, and the effective degrees of freedom (estimated from the sample variances and

sample sizes).

In either of the two cases discussed earlier, the null hypothesis used is:

H,:  There is no difference in the sample means, i.e. the means are statistically
equal

If the test results do not support this hypothesis than an alternate hypothesis is accepted as:
H,: The means are different, i.e. the means are not statistically equal
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Table 1 Critical Values, F i for the F-test for a Level of Significance, o =1%

DEGREES OF FREEDOM FOR NUMERATOR

3 N - N ' BN c e

o 21600 23100 23700 24100
o 199 | 199 | 19 199 | 199 | 199 199 199
< 475 45.4 44.4 43.9
& 243 22.5 21.6 21.1
2 16.5 14.9 14.2 13.8
Z 12.9 11.5 10.8 10.4
A 10.9 9.52 8.89 8.51
= 9.60 8.30 7.69 7.34
- 8.72 7.47 6.88 6.54
2 8.08 6.87 6.30 5.97
g 7.60 6.42 5.86 5.54
53 7.23 6.07 5.52 5.20
= 6.48 5.37 4.85 4.54
) 5.82 4.76 4.26 3.96
2 5.52 4.49 3.99 3.69
= 5.24 4.23 3.74 3.45
3 498 [43TN 399 [ESFINE 351 [EESS5EN 322 [NSH25N
a 4.73 3.76 3.29 3.01
4.50 3.55 3.09 2.81

S 5300 428 1372 335 10309 290 274 262 | 252

NOTE : This is for a two-tailed test with the null and alternate hypotheses shown below:

Ho N S2c = S2v
Ha.: s%#s%
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Critical Values, F i , for the F-test for a Level of Significance, a =1 % (contd..)

DEGREES OF FREEDOM FOR NUMERATOR

15 24 40 60 120
24600 24900 25100 25300 25400
199 199 199 199 199
43.1 42.69 423 42.1 42.0
20.4 20.0 19.8 19.6 19.5
13.1 12.8 12.5 12.4 12.3
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4.43 423 4.12 4.01
4.07 3.79 3.37
3.50 3.22 3.02 2.92 2.81
3.25 2.97 2.77 2.66 2.55
3.01 2.73 2.52 2.42 2.30
2.78 2.50 23 2.18 2.06
2.57 2.29 2.08 1.96 1.83
237 2.09 1.87 1.75 1.61
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NOTE : This is for a two-tailed test with the null and alternate hypotheses shown below:
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Case 1: Sample Variances Assumed to Be Equal

a) To conduct the t-test when the sample variances are assumed equal, Equation 1 is used
to calculate the t value from which the decision is reached.

¥, - ¥,
t= i (1)

N N

2 2
» P
7_’_7
n, n,

where: X, = mean of QC tests
X, = mean of verification tests
s; = pooled estimate for the variance (described below)
n. = number of QC tests
n, = number of verification tests
b) The pooled variance, which is the weighted average, using the degrees of freedom for

each sample as the weighting factor, is computed from the sample variances using Equation 2.

sf(nc —1)+sf(nv —1)

2
s, = 2
’ n,+n,—2 @
Where: sf, = pooled estimate for the variance
n. = number of QC tests
n, = number of verification tests
s> = variance of the QC tests
s? = variance of the verification tests
c) Once the pooled variance is estimated, the value of t is computed using equation 1.
d) To determine the critical t value against which to compare the computed t value, it is

necessary to select the level of significance, a. 4 value of =1 % is recommended.

e) Determine the critical t value, tei, from Table 2 for the pooled degrees of freedom. The
pooled degrees of freedom for the case where the sample variances are assumed equal is
(nct ny-2).

f) If't > terity, then decide that the two sets of tests have significantly different means. Ift < ter,

then decide that there is no reason to believe that the means are significantly different.
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Case 2: Sample Variances Assumed to Be Not Equal

a) To conduct the t-test when the sample variances are assumed not equal, Equation
3 is used to calculate the t value from which the decision is reached.

3)

where: X, = mean of QC tests
X, =  mean of verification tests
s; = variance of the QC tests
s = variance of the verification tests
n. =  number of QC tests
ny number of verification tests
b) To determine the critical t value against which to compare the computed t value, it is

necessary to select the level of significance, o.. A value of o = 1% is recommended.

c) The effective degrees of freedom, f', for the case where the sample variances are
assumed not equal is determined from Equation 4 (the calculated effective degrees of
freedom is rounded down to a whole number).

2 2
EICI
n, n,
+

where all the symbols are as described previously.

d) Determine the critical t value, t.;, from Table 2 for the effective degrees of
freedom determined by Equation 4.

e) If t > teir, then decide that the two sets of tests have significantly different means. If t < terit,
then decide that there is no reason to believe that the means are significantly different.
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Table 2 Critical t values

R 63.657 12706 6.314
T 9.925 4303 2.920
3 5.841 o 3182 2.353
D 4.604 2716 2132
R 4.032 - 2511 2.015
6 3.707 24471 1.943
R 3.499 - 2365 1.895
D 3.355 2306 1.860
9 3.250 2202 1.833
R (R 3.169 2228 1.812
o 3.106 2200 1.796
3.012 1.771
2.947 1.753
2.898 1.740
2.861 1.729
2.831 1.721
2.807 1.714
2.787 1.708
2.771 1.703
2.756 1.699
2.704 1.684
2.617 1.658
- T 2576 - 1960 1.645

NOTE : This is for a two-tailed test with the null and alternate hypotheses shown below :

=
|
1

|

I
ol
S

<
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Example Problem 1-Concrete

A contractor has run 21 QC tests for compressive strength and KDOT has run 5 verification tests over the
same period of time. The results are shown below. Is it likely that the tests came from the same
population?

Contractor QC Test Results KDOT VerificationTest Results
(%) (%)
36.40 36.10
36.65 30.00
32.69 37.00
38.05 32.80
38.54 30.60
37.59 X, = 33.300
36.57
42.48
36.99
38.20
37.53
36.00
41.28
40.00
38.37
38.72
40.36
30.37
34.87
35.62
36.06

X.=37.302

A t-test between the means of these two sets of results can be used to test whether the mean results of the
tests done by the contractor and KDOT are statistically different. If they are not different, then it is likely
that they came from the same population. However, first the F-test needs to be done to determine whether
or not to assume the variance of the QC test results differs from the KDOT verification tests.

Step 1. Compute the mean and standard deviation for each set of data:
QC test results KDOT Verification test results
X, =37.302 X, =33.300
sc=2.736 sy=13.161
Step 2. Compute variance, s2, for each set of test results (variance is square of the

standard deviation):
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QC test results KDOT Verification test results

52 =17.431 52 =9.992

Step 3.

Step 4.

Compute F, using the largest s? in the numerator.

2
F=t 2025y
s> 7431

Determine F; from Table 1 being sure to use the correct degrees of
freedom for the numerator (n,- 1 =5 - 1 =4) and the denominator (n.- 1 =21 -1
=20).

From Table 5.17.08-1, at . = 1 %, Feic =5.17

Conclusion:

Step 5.

Step 6.

Step 7.
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Since F < Fgit (i.e., 1.34 < 5.17), there is no reason to believe that the two sets of
tests have different variabilities. That is, they could have come from the same
population. Since we can assume that the variances are equal, we can use the
pooled variance to calculate the t-test statistic, and the pooled degrees of freedom
to determine the critical t value, tei.

. 2 . .
Compute the pooled variance, s, , using the sample variances from above.

) sf(nc —1)+sf(nv —1)

= n,+n,—2
o (7.431)(20)+(9.992)(4) _ 7 %6
r 21+5-2
Compute the t-test statistic, t.
¥, - ¥,
Y
55
nC nV
37.302 -33.300
. |_ 4002 o

\/7.86 , 786 - J1.946
21 5

Determine the critical t value, tci , for the pooled degrees of freedom
degrees of freedom = (n.+n, -2) = (21 +5-2) =24,
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From Table 2,

Conclusion:

for a =1 % and degrees of freedom = 24,
tcrit = 280
Since 2.87 > 2.80, we assume that the sample means are not equal. It is therefore

probable that the two sets of test results did not come from the same population
(or lot).

Example Problem - Case 2-Asphalt

A contractor has run 10 QC tests and KDOT has run 5 verification tests over the
same period of time for the asphalt pavement density (%Gmm). The results are shown

below. Is it likely that the test came from the same population or lot?
Contractor QC Test Results KDOT Verification Test Results

93.0 95.5

92.4 933

92.9 94.1

93.6 92.5

92.9 92.7

92.9 X, = 9362

92.4

93.4

92.9

92.4

X, =9288

A t-test between the means of these two sets of results can be used to test whether the mean results of the
%Gmm done by the contractor and KDOT are statistically different. If they are not different, then it is
likely that they came from the same population. First, we have to determine whether the variance of the
QC tests differ from the verification tests using F-test.

Step 1.

Step 2.
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Compute the mean and standard deviation for each set of data:

QC test results KDOT Verification test results
X =9288 X, = 93.62
se =0.408 sy=1.221

Compute the variance, s2, for each set of tests (variance is the square of the
standard deviation):

52 =0.166 s =1.491
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Step 3. Compute F, using the largest s? in the numerator.

2
s 1.491
F=—=—-=898
s, 0.166
Step 4. Determine Fit from Table 1 (be sure to use the correct degrees of freedom for

the numerator (n, - 1 =5 - 1 =4) and the denominator (n.-1=10-1=09)).
From Table 1, at o =1 %, Fuic = 7.96

Conclusion:  Since F > Fei (i.e., 8.98 > 7.96), there is reason to believe that the two sets of
tests have different variabilities. Thus, it is likely that they came from
populations with different variances. Since we CAN NOT assume that the
variances are equal, we cannot use the pooled variance to calculate the t-test
statistic, and the pooled degrees of freedom to determine the critical t value, tes.

Step 5. Compute the t-test statistic, t.
_1xe-x

e sf

n. n,

92.88-93.62]  0.74

= = =1.32
\/0.166+1.491 J/0.315
10 5
Step 6. Determine the critical t value, tci, for the approximate degrees of freedom
(the calculated effective degrees of freedom is rounded down to a whole
number).
2
' C n -2
§2 2
C
n, + n,+1
Page 11/18 5.2.6 2018

Revised 2016



0.166+1.491j2
, 105 _,_ (0315

0.166)" (1.491Y 0.0148
10 5
+

11 6

From Table 2,
for a =1 % and degrees of freedom = 4 (rounded down to the nearest whole number)

tcrit = 4.60

Conclusion:  Since t < tei, (i.e., 1.32 < 4.60), there is no reason to assume that the sample means are
not equal. It is, therefore, reasonable to assume that the sets of test results came from
populations that had the same mean.

Asphalt Paving Excel Spreadsheet

The Air Voids F & t portion of the EXCEL spreadsheet compares the Contractor’s Quality Control (QC)
results and KDOT’s verification results using the following process:

In lots 1 and 2, the mean and standard deviation of the QC results are calculated and compared to the
mean of the verification results. The comparison is considered to be satisfactory (Pass) if the mean of the
verification results for that lot is within the greater of:

1. the mean of the QC results + three standard deviations of the QC results for that lot
2. one percent of the mean of the QC results for that lot

Starting with lot 3, the F & t tests are used to compare the QC results and verification results. All of the
QC results and verification results are used in the comparison for lots 3, 4 and 5. Starting with lot 6, all of
the QC results and verification results for the last five lots are used in the comparison. For example, the
test results from lots 2-6 are used in the comparison for lot 6.

The maximum specific gravity (Gmm) F & t portion of the EXCEL spreadsheet compares the QC results
and verification results using the follow process:

In lots 1 and 2, the mean and standard deviation of the QC results are calculated and compared to the
mean of the verification results. The comparison is considered to be satisfactory (Pass) if the mean of the
verification results for that lot is within the greater of :

1. the mean of the QC results + three standard deviations of the QC results for that lot
2. 0.02 of the mean of the QC results for that lot

Starting with lot 3, the F & t tests are used to compare the QC results and verification results. All of the
QC results and verification results are used in the comparison for lots 3, 4 and 5. Starting with lot 6, all of
the QC results and verification results for the last five lots are used in the comparison. For example, the
test results from lots 2-6 are using in the comparison for lot 6.
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If the results of comparison of the Gmm QC and verification results for a lot are satisfactory (Pass), the QC
Gmm results should be used in the calculation of %Gmm for both the QC and verification Density results. If
the results of the comparison of the Gmm QC and verification results for a lot are not satisfactory (Fail),
the verification Gmm results should be used in the calculation of %Gmm for both the QC and verification
Density results.

The Density F & t portion of the EXCEL spreadsheet compares the QC results and verification results
using the follow process:

All of a lot’s QC results and verification results are used in the comparison for that lot. Each lot stands on
its own for the Density F & t comparison.

For the Air Voids, Gmm and Density F & t comparisons, the results are considered satisfactory (Pass) if the
t-test shows that the Contractor’s QC results and KDOT’s QA results are from the same population with a
o of 1%.

Concrete Paving Excel Spreadsheet

The Compressive Strength and Thickness F & t portions of the EXCEL spreadsheet compare the
Contractor’s Quality Control (QC) results and KDOT’s verification results using the following process:

All of a lot’s QC results and verification results are used in the comparison for that lot. Each lot stands on
its own for the Compressive Strength F & t comparison and the Thickness F & t comparison.

For the Compressive Strength and Thickness F & t comparisons, the results are considered satisfactory
(Pass) if the t-test shows that the Contractor’s QC results and KDOT’s QA results are from the same
population with a a of 1%.
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F&t Air Void Spreadsheet

HMA 1R 602 07-06006-R1 [SEM 03/01/2009
Lots: | 1 10 Project# | KA 1441-01 Name of QC Tester
Dates: | 3/25/2009 4/29/2009 Contract # | 508106343 Certification # of QC Tester
Mix Type SR-12.5A 64-28 HMA Overlay Contract Line #'s |08 12
Metric/English: E | Placement | ML
Air Voids
Contractor KDOT Number of
Lot Date Quality Control Verification Contractor IE‘E‘JHOTI'IP'T';::S t Test t(crit) TAhr: glae:r;i l:'rS:stclgzgualtt:;gr ComimeE
Tests (%) Test (%) Tests ) :
1A 3/25/2009 3.81
1B 3/31/2009 4.88
1C 3/31/2009 4.41
1D 4/2/2009 2.92 3.08
1E
1F 4 1 Pass Yes
2A 4/2/2009 3.97
2B 4/3/2009 4.11
2C 4/3/2009 4.29 4.65
2D 4/3/2009 4.35
2E
2F 4 1 Pass Yes
3A 4/7/2009 4.48
3B 4/7/2009 4.41 5.06
3C 4/8/2009 4.30
3D 4/8/2009 4.66
3E
3F 12 3 0.12 3.01 Pass Yes
4A 4/8/2009 4.85
4B 4/9/2009 4.79 4.94
4C 4/10/2009 4.41
4D 4/10/2009 3.62
4E
4F 16 4 0.50 2.88 Pass Yes
5A 4/13/2009 4.32
5B 4/13/2009 4.52 4.47
5C 4/14/2009 3.51
5D 4/14/2009 4.50
5E
5F 20 5 0.67 2.81 Pass Yes
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HMA 1R 602 07-06006-R1

F&t Density Spreadsheet

Lots: 1 22 Project # KA 1441-01 Name of QC Tester [
Dates: 3/25/2009 4/30/2009 Contract # 508106343 Certification # of QC Tester
Mix Type | SR-12.5A 64-28 HMA Overlay [Contract Line #'s
Contractor KDOT Number of
Contractor Test . KDOT Test e Number of . Are Means | Use Contractor
Lot Date Results (Ib/ft3) Gmm Quality Control Results (Ib/ft3) Verification | Contractor KDOT Tests tTest t(crit) The Same? | Test Results? Comments
Tests (%Gmm) Tests (%Gmm). Tests
1A1 1398 92,51 1349 89.26
1A2 1416 93.70
1B1 139 91.98 1341 88.73
1B2 1405 92.97
1C1 31252009 1383 9151 1385 91.65
1c2 139 91.98
1D1 139 91.98 135 89.33
1D2 1394 92.24
1E1
1E2 2428 8 4 4.65 3.17 Fail No
2A1 1405 92.47 142 93.46
2A2 1404 92.41
2B1 140.2 92.28 90.63
2B2 137.2 90.30 Sl
2C1 1395 91.82 92.28
202 3/31/2009 1418 0333 140.2
2D1 139.8 92.01 90.63
2D2 140.4 92.41 L2
2E1
2E2 2441 8 4 0.59 3.17 Pass Yes
3A1 1423 93.66 9155
3A2 140.3 92.34 Lo
3B1 140 92.14 91.22
3B2 1404 92.41 L3ES
3C1 139.6 91.88 94.78
32 4/1/2009 1401 92.91 144
3D1 1414 93.07 92.61
3D2 1412 92.93 L0y
3E1 139.6 91.88 139.7 91.95
3E2 141 2441 92.80 ) 10 5 022 3.01 Pass Yes
4A1 1423 93.51 91.93
4A2 142 93.31 128
4B1 141 92.65 92.39
4B2 1418 93.18 L
4C1 140.6 92.39 92.65
4C2 4/2/2009 1402 9213 141
4D1 140.4 92.26 93.77
4D2 140.3 92.19 2
4E1 140.7 92.45 1404 92.26
4E2 139.9 2.445 91.93 ) 10 5 0.00 3.01 Pass Yes
5A1 1411 9253 91.08
138.!
5A2 1412 92.59 S8
5B1 1416 92.86 90.89
5B2 1408 92.33 LeSS
5C1 1388 91.02 90.76
502 413/2009 1395 o148 138.4
5D1 139.2 91.28 142 93.12
5D2 140.2 91.94
5E1 1385 90.82 1372 89.97
5E2 139.2 2.450 91.28 ) 10 5 133 3.01 Pass Yes
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HMA 1R 602 07-06006-R1

F&t Gmm Spreadsheet

Lots: 1 10 Project # KA 1441-01 Name of QC Tester |

Dates: | 3/25/2009 4/29/2009 | Contract # 508106343 Certification # of QC Tester

Mix Type: SR-12.5A 64-28 HMA Overlay|

Gmm
Contractor KDOT Number of Number of MAre Use Comments
Lot Date Quality Control| Verification Contractor ng_r _T_;;s t Test t(crit) .?::S Contractor
Tests (Gmm) | Test (Gmm) Tests Same? Test Results?
1A 3/25/2009 2.428 1 0 Pass Yes
1B 3/31/2009 2.447 2 0
1C 3/31/2009 2.448 3 0 Pass Yes
1D 4/02/2009 2.436 2.435 4 1
1E
1F
2A 4/02/2009 2.447 5 1 Pass Yes
2B 4/03/2009 2.448 6 1
2C 4/03/2009 2.451 2.453 7 2
2D 4/03/2009 2.450 8 2 Pass Yes
2E
2F
3A 4/07/2009 2.455 9 2
3B 4/07/2009 2.454 10 2 Pass Yes
3C 4/08/2009 2.445 11 2
3D 4/08/2009 2.451 2.453 12 3 0.06 3.01
3E
3F
4A 4/08/2009 2.450 13 3 0.02 2.98 Pass Yes
4B 4/09/2009 2.446 2.450 14 4 0.21 2.92 Pass Yes
4C 4/10/2009 2.444 15 4 0.27 2.90
4D 4/10/2009 2.437 16 4 0.41 2.88 Pass Yes
4E
4F
5A 4/13/2009 2.441 17 4 0.49 2.86
5B 4/13/2009 2.452 2.440 18 5 0.02 2.83 Pass Yes
5C 4/14/2009 2.443 19 5 0.07 2.82
5D 4/14/2009 2.449 20 5 0.03 2.81 Pass Yes
5E
5F
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F&t Compressive Strength Spreadsheet
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F&t Thickness Spreadsheet

552015 Section 501 (RAB 07120115]
Lots: 1 50 Project # KA-1234-56 Mame of QC Tester Junior Samples
Dates: SiZ015 ME2005 | Contract # 123456735 Certification ¥ of QC Tes BR-543
Concrete Thickness Comparizon
Contractor KDOT Core Number of Humber of H.:::s Use
Lot Date [.‘-ore[il.:]lgtl Leagth [in) Cn;ir:‘c:ol KDOT Tests T Test | T(crit] s;r::g T:::.;;:?.::;? Comments
141 SiZ015 12.66
1Az HHZ015 .33 .50
1B1 SiZ015 1239
B2 SiZ015 1242 12.00
1C1 2015 1301
cz SiZ015 1148 .80
)l SiZ015 126
0z 2015 12.87 .50
1E1 SiZ015 152
E2 SiZ015 12.26 1130 n 5 Pazs Yes
281 Si5f2015 121
2z SISf2015 153 2.9
ZB1 SISf2015 12.83
2Bz SISf2015 12.56 .43
21 SISf2015 12.26
o SISf2015 170 12.81
2 SISf2015 12,76
202 SISf2015 4 1233
ZE1 2015 12.06
2E2 SISfZ015 125 12.54 n 5 Pazs Yes
381 SIGI2015 1130
3aZ HEZ015 1235 12.04
3E1 SIGI2015 12.37
362 SIGI2015 12.62 T
KN SMEf2015 13.03
3C2 SIGI2015 135 12,398
3 SIGI2015 139
a0z SiEf2015 153 12.05
3E1 SIGI2015 11.09
3E2 SIGIZ015 12.08 1238 30 15 0.7 2.0 Pazs Yes
4 SITZ015 1130
a2 SITZ015 143 12.24
4B1 SITZ015 12.78
452 SITZ015 173 133
41 SITZ015 12.03
4Ce 2015 NG 1252
401 SITZ015 12.19
40z SITZ015 .84 .20
4E1 TZ015 12.56
4E2 SITZ015 13.02 .25 40 20 0.26 2.66 Pazs Yes
51 SIafZ015 12.45
aAZ 282015 niz .38
SE1 SIafZ015 133
5Bz SIafZ015 1212 130
= SMEI2015 12.50
5C2 SIafZ015 12.60 133
= SIafZ015 12.63
502 SIafZ015 13 37
SE1
SE2 45 24 0.04 2.65 Pazs Yes
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5.2.7 CONTRACTOR’S QUALITY CONTROL PLAN

1. SCOPE

The following subsections provide guidance for contractors to maintain quality control laboratories and
personnel for QC/QA designated projects.

5.2.7.1. HMA: Contractor’s Quality Control plan

5.2.7.2. Guide for Quality Control and Acceptance Requirements for HMA

5.2.7.3. Example of a Laboratory Quality Manual for HMA

5.2.7.4. Concrete: Contractor’s Quality Control Plan

5.2.7.5. Example of a Laboratory Quality Manual for Concrete

5.2.7.6. Concrete Structures: Contractor’s Quality Control Plan

5.2.7.7. Example of Contractor’s Concrete Structures Quality Plan for Controlling Evaporation
5.2.7.8 CEMENT TREATED BASE: Contractor’s Quality Control Plan (CTB)
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5.2.7.1. HMA: CONTRACTOR’S QUALITY CONTROL PLAN
1. QUALITY CONTROL

The Contractor shall provide and maintain a Quality Control (QC) Plan that will assure all materials and
products submitted to KDOT for acceptance will conform to the contract requirements whether
manufactured or processed by the contractor, or procured from suppliers, subcontractors, or vendors. The
contractor shall perform or have performed the inspections and tests required to substantiate product
conformance to contract document requirements. The contractor shall also perform or have performed all
inspections and tests otherwise required by the contract. The contractor’s quality control inspections and
tests shall be documented and provided to KDOT. The contractor shall maintain adequate records of all
inspections and tests. The records shall include the nature, number, and type of deficiencies found; the
quantities rejected by the contractor; and the nature of corrective action taken, as appropriate. The
contractor shall maintain standard equipment and qualified personnel as required by the Specifications to
assure conformance to contract requirements. Procedures will be subject to approval by KDOT before
work is started.

The contractor shall prepare a QC Plan detailing the type and frequency of inspection, sampling, and
testing deemed necessary to measure and control the various properties of materials and construction
governed by the Specifications. The QC Plan shall be submitted in writing to KDOT at the
preconstruction conference. This plan shall include the following:

Construction items covered by the plan

Tests and Test Frequency to be performed

* Part V; Appendix B

Sampling locations and techniques

Documentation procedures, including:

*1dentify the QC laboratory to be used and its credentials

*Identify the QC personnel and their qualifications

*Inspection and test records

*Temperature measurements

*Accuracy and readability, calibration, or re-calibration checks performed on production or
testing equipment.

*Control charts

The Plan shall identify the personnel responsible for the contractor’s quality control. This shall include
the name of the company official who will act as liaison with KDOT personnel and the names of the
Certified Technicians who will direct and conduct the inspection program. The contractor shall provide a
testing facility or laboratory.

NOTE: Guide for Quality Control and Acceptance Requirements for HMA, will help define the
minimum contents necessary for an acceptable Quality Control Plan.

2. SAMPLES, TESTS AND REFERENCED CITED SPECIFICATIONS

The contractor shall be responsible for the quality of construction and materials incorporated into the
contract. The contractor shall perform all necessary quality control inspection, sampling and testing. All
materials will be approved for acceptance through KDOT’s acceptance procedures. KDOT has the
responsibility for determining the acceptability of the construction and materials incorporated therein.
KDOT may use the results of the contractor’s inspection, approved quality control program. To eliminate
confusion when transferring information, provide all critical information as outlined in Table 1.
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Table 1
Request Report Requirements

a. Name and address of the testing laboratory

b. Identification of the report and the date issued

c. Project number and contract number

d. Description and identification of the test sample (including sublot numbers)

e. Date(s) of receipt of the test

f. Date(s) of test performance

g. Identification of the standard test method used and a notation of all known deviations from the
test method

h. Test results and other pertinent data required by the standard test method

i. Identification of any test results obtained from test performed by a subcontractor

j. Name and certification number of the person (s) technically responsible for the test report

3. QUALIFIED TESTING LABORATORY

The Materials and Research Center is accredited through the AASHTO Accreditation Program (AAP).
If the contractor’s QC laboratory is not participating in the AAP, then the contractor shall have an AAP
approved laboratory inspect the QC laboratory’s equipment annually. The inspection shall include all
equipment necessary to perform testing on specified types of material related to the contract; base and
grading, aggregate, HMA and concrete.

The contractor’s QC laboratory shall be furnished and maintained with adequate ventilation, heat, light,
water, sink and drainage, electrical or gas outlets or both, work tables, shelves, and supply cabinets. The
laboratory shall be supplied with equipment and materials necessary to perform all tests required by the
specifications and shall be maintained in such condition that the equipment will meet the applicable
requirements of KDOT.

KDOT will annually inspect and document the acceptability of the sampling and testing equipment. This
includes sampling and testing equipment owned by contractors, consultants or vendors. Checks on
equipment during the life of a project should be accomplished by project sampling and testing personnel
as well as KDOT personnel.
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4. EQUIPMENT CALIBRATION AND VERIFICATION

The QC laboratory shall have all significant testing equipment calibrated or verified that is associated
with tests covered by the scope of this standard which the QC laboratory performs. Copies of all current
equipment calibration records shall be maintained in a Quality Manual and stored in the laboratory. As a
minimum, the equipment listed in Table 2 shall be included if it is associated with tests performed by the
QC laboratory. Applicable equipment shall be calibrated or verified at the intervals specified in the QC
Laboratory’s Quality Manual. The intervals specified in the Quality Manual shall be no greater than
those indicated in Table 2. Newly acquired equipment without manufacturer’s certification and
equipment that has not been calibrated or verified because it has been removed from service shall be
calibrated or verified before being placed in service. The QC laboratory shall have detailed written
procedures for all in-house calibration and verification activities not addressed in standards. These
procedures shall indicate the equipment required to perform the calibration or verification.

Certain items in Table 2 can be verified by the contractor’s QC certified technician. These items are;
mechanical shakers, ovens, sieves and weighted foot.

NOTE: Example of a Laboratories Quality Manual will provide examples of equipment procedures to
verify that equipment is in proper condition. Also, examples of records for calibrating/verifying
equipment are presented.

5. TECHNICIAN CERTIFICATION

KDOT requires that all individuals be certified who perform one or more of the actual sampling testing
and inspection functions for KDOT, Contractor or private laboratories. A certification program helps to

assure the qualifications of sampling and testing personnel and increases pride in the work performed.

Certified sampling and testing personnel provide added assurances that the sampling and testing will be
performed correctly and that the results will be valid.

The individuals performing any sampling and testing of materials must be knowledgeable in the sampling
and testing procedures that have been specified by KDOT.

Certification programs recognized by KDOT should be one or more of the following:
Certified Inspector Training Program

For additional information concerning an acceptable certification program, contact the Bureau of
Construction and Materials, CIT Program Administrator.
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Table 2
HMA Materials Test Equipment

Equipment —Test Method Requirements Interval
(months)
Mechanical Shakers Check Sieving Thoroughness 12
General Purpose Balances, Calibrate 12
Scales and Masses —~AASHTO

M 231

Test Thermometers -KT-15, KT- Standardize 12

39, KT-56, KT-58

Compression Testing Machine Verify Load and Calibrate 12

Ovens Standardize Thermostat 12

Vacuum System KT-39 Standardize 12

Coarse Sieves (openings = No. 4 Check Physical Condition and 6

[4.75 mm]) Dimensions of Openings
Fine Sieves (openings < No. 4 Check Physical Condition 6
[4.75 mm)])

Nuclear Density Gauge KT-32 Calibration 12

Weighted Foot Assembly KT-55 Check Mass of Assembly 12

Gyratory Compactor KT-58 Verify and/or Calibrate Ram 12

Pressure, Angle of Gyration,
Frequency of Gyration, Height

Gyratory Compactor Mold Check Critical Dimensions 12

KT-58

NOTE: Section 5.2.7.2 of this manual, Guide for Quality Control and Acceptance Requirements for
HMA, will help to define the minimum contents necessary for an acceptable Quality Control Plan.

Section 5.2.7.3 of this manual, Example of a Laboratories Quality Manual, will provide examples of
equipment procedures to verify that equipment is in proper condition. Also, examples of records for
calibrating/verifying equipment are presented
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5.2.7.2. GUIDE FOR QUALITY CONTROL AND ACCEPTANCE
REQUIREMENTS FOR HMA

1. Purpose

The purpose of this guide is to establish minimum requirements for the Contractor's quality control
system for use in QC/QA Projects. It is intended that these requirements be used as a procedural guide in
detailing the inspection, sampling and testing deemed necessary to maintain compliance with the
specification requirements.

2. Scope

This procedure is applicable to the production and construction of HMA.

3. Requirements
3.1. General

As stated in the specifications, a Quality Control Plan must be developed by the producer and submitted
in writing to the Engineer at the pre-construction conference. Acceptance of the Quality Control Plan by
the Engineer will be contingent upon its conformance with these guidelines. For this reason, the plan
shall clearly describe the methods by which the quality control program will be conducted. For example,
the items to be controlled, tests to be performed, testing frequencies, sampling locations and techniques
all shall be included and each item shall be listed separately. Also include a table stating what actions
will occur when test results indicate specification limits are approached or exceeded. See Table 1 at end
of this guide for an example. Also, a detailed plan of action regarding disposition of non-specification
material shall be included. Such a plan shall provide for immediate notification of all parties involved in
the event nonconforming situations are detected. Example 1. HMA Quality Control Plan may be used
as an example for a Quality Control Plan.

Inspection and testing records shall be maintained, kept current, and made available for review by KDOT
personnel throughout the life of the Contract. All other documentation, such as date of inspections, tests
performed, temperature measurements, and accuracy, calibration or re-calibration checks performed on
production of testing equipment shall be recorded.

The Contractor shall maintain standard equipment and qualified personnel in accordance with Contract
and specification requirements for the item(s) being produced.

3.2. Quality Control Plan

Operation Quality Control Plans shall be submitted for each Project to the District Engineer where the
Project is located. Distribution of the approved Quality Control Plans will be made by the Engineer.
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4. Acceptance Sampling and Testing

KDOT is responsible for sampling, testing, and determining the acceptability of the material produced,
except for furnishing of necessary materials for testing. Acceptance of the material is based on the
inspection of the construction, monitoring of the Contractor's quality control program, verification test
results, and the comparison of the verification test results to the quality control test results. The Engineer
may use the results of the Quality Control Plan as part of the acceptance procedures, providing:

1) The Engineer's inspection and monitoring activities indicate that the Contractor is following the
approved Quality Control Plan; and

2) The results from the Contractors quality control sampling and testing compare with the verification
tests.

KDOT's test results will be used on a comparative basis as part of its overall verification program with
testing done at the frequency listed in the Sampling and Testing Frequency Chart. Some of the
verification sampling and testing will be conducted independently from the Contractor's activities,
including test equipment.

Unless split samples are used, results from verification tests will be evaluated in accordance with KDOT

specifications. If a dissimilarity is detected, an investigation shall be immediately initiated to determine
the cause of the dissimilarity.
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EXAMPLE 1
HMA Quality Control Plan

To: (DISTRICT ENGINEER)
From: (CONTRACTOR(s) NAME)
Subject: HMA Quality Control Plan.

1. We are submitting our HMA Qlﬁality Control Plan, developed in accordance
with the Contractor’s Quality Control Plan for:

Project No.:
Contract No.:

2. Plant Information:

2.1 General Information:
Make:
Type:
Location of Plant:

- 2.2 Current calibration and verification status of plant and history of plant
inspection program attached.

3. Lab Personnel:

3.1. The quality control ro%{ram is under the direction of( NAME OF PERSON)
who can be contacted at (ADDRESS AND TELEPHONE).

3.2. Sampling and testing will be the responsibility of (NAME OF
PERSON(s)), HMA technician number (CERTIFICATE NUMBER(s)).

3.3. Mix Designs will be the responsibility of (NAME OF PERSON(s)), HMA
design technician number (CERTIFICATE NUMBER(s)).
4. Field Personnel:

4.1. The field operation is under the direction of (NAME) who can be contacted
at (ADDRESS AND TELEPHONE).

4.2. NAME) will be responsible for insuring that all items of work will comply
with KDOT Specifications.
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EXAMPLE 1 (Cont.)
HMA Quality Control Plan

4.3. During the placement operations of the HMA pavement we will perform at
a minimum quality control tests per attached schedule. Sampling and testm(% will
be the responsibility of (NAME(s)), certification number (CERTIFICATE
NUMBER(SI))).

5. The HMA des%ngsl) to be used are:
(MIX DESIGN DESIGNATION)

6. Prior to production, (NAME),(CERTIFICATE NUMBER), will submit our
HMA Design for each type of mix in accordance with specifications by (DATE).
Only approved materials will be incorporated in the mix.

7. During the production operations of the HMA (NAMES) will perform, at a
minimum, quality control tests in accordance with the attached schedule. Also
attached are the proposed method to select random locations for sampling.

8. All testing and evaluation will be com{)leted by %NAME) within (HOURS)
hours of sampling and all documentation will be completed and submitted to the
Engineer on approved processing forms within (HOURS) hours according to
specifications or groductlon will be halted until these items are current. Example
orms are attached.

9. Any material found to be noncomplying shall be addressed by (NAME)
who will notify the Engineer immediately.

10. (NAME% will notify all appropriate KDOT personnel at least 24 hours
before the scheduled work is to begin.

11. (STATE THE PROCESS FOR DISPOSITION OF NONCONFORMING
MATERIAL)
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Table 1: Example of QC Actions to Implement When Approaching or Exceeding Specification Limits

Specification Situation
Test Test 4-Point 4-Point Action
Description Method Single Test | Moving Avg. Single Test Moving Avg.
or Daily Avg. or Daily Avg.
Binder Content KT-57 +/-0.6 +/-0.3 Approaching limit Ap prgaghmg Discuss with hot mix p lant., operator, and may
Limit suspend construction process
Aggregate KT-2 NA >=min. 4 point on +#4 Approaching Increase frequency of tests and prepare for
Gradation <=max. 2 points on -#4 Limit process modification
Air Voids @ Naes KT-58 +/-2% NA 2 tests over +/-1% NA Initiate JMF Modifications
VMA 5.10.04 | <=1%min. >=min, 3 tests over +/-1% ~_min. Discuss with the Engineer & Process
<=max. Modification
VFA 5.10.04 NA >fm1n. Over Limit once Appr(.)ac.hlng Notify the Engineer, modify JMF
<=max. Limit
Density @ Nipi o Approaching Limit Approaching . . .
and N, KT-58 NA >=min. Over once Limit Notify the Engineer, modify process
Coarse Aggregate KT-31 >=min NA Approaching limit NA Modify JMF or Redesign
Angularity ) PP £ Y £
Fine Aggregate o T
Angularity KT-50 ~Tmin. NA Approaching limit NA Notify the Engineer, modify JMF
Sand Equivalent KT-55 >=min. NA Approaching limit NA Notify the Engineer, modify JMF
TSR KT-56 >=min. NA Approaching limit NA . Dlscpss w ith the Engll}eer & 1n1t1at'e
investigation, modification, or redesign
Dust to Binder >=min. L Approaching .
Ratio NA <—max. Approaching limit Limit Modify JIMF
Flat & Elongated KT-59 >=min. NA Approaching limit NA Modify JMF or Redesign
Roadway Density KT-32 NA >=min. App<r;) ?Oc/hlng <=100% Pay Notify the Engineer & Construction Manager
0

NOTE: Whenever two consecutive test results fail or if any of the four point moving average values fail, production will be suspended and the situation
discussed  with the Engineer and Construction Manager. The process will be corrected Dbefore production  resumes.
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5.2.7.3 EXAMPLE OF A LABORATORY QUALITY MANUAL FOR HMA

This example is designed to provide the contractor with general guidelines in creating and maintaining a
contractor’s Quality Manual. The QC process requires records for equipment calibrations/verifications.
Maintaining records in an orderly manner will assist the District Materials Engineer in quickly
determining if the laboratory meets QC/QA requirements. Having the field laboratory fully prepared and
the Quality Manual properly maintained represent two items that can keep the start of a project on
schedule. It also aids in demonstrating the contractor’s commitment to the QC process.

The following records are presented to illustrate what is required in the Quality Manual. Records need
not be exactly as illustrated but should supply all necessary information concerning the equipment
calibration/verification.

NOTE: After calibrating any force-load testing equipment (stability machine, gyratory, etc.) a copy of
the certification for the calibration device (proving ring, load cell, etc.) shall be attached to the calibration
record.

NOTE: All equipment shall be verified immediately after repairs (this may include new or replacement
parts, or mechanical or electrical adjustments) that may in any way affect the ability of the equipment to
provide accurate readings as established during the calibration/verification process.

DISCLAIMER: It is not the intent of these guidelines to endorse manufacturers, suppliers, calibrating
services, etc. The examples are used to provide guidance in establishing a thoroughly developed Quality
Manual.
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LABORATORY QUALITY MANUAL
TABLE OF CALIBRATION/VERIFICATION DATES

Revision Date 04/01/14
CAL/VER NEXT
ITEM INTERVAL CAL/VER
(MONTHS)

SIEVES

MECH. SIEVE SHAKER

THERMOMETER

OVENS

VACUUM SYS.

M/D GAUGE

STABILITY MACHINE

BALANCES

WEIGHTED FOOT

GYRATORY
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November 29, 2017
VERIFICATION PROCEDURE FOR SIEVES
(Page 1/2)

Purpose:
This method provides instructions for checking the physical condition of laboratory tests sieves
ranging in size 3 in. (75 mm) to #200 (0.075 mm).

Inspection Equipment Required:
1. A caliper readable to 0.01 mm (use for #4 or coarser).

Tolerances:
Sieves shall meet physical requirements specified in AASHTO M 92 (ASTM E11).

Procedure:
(Steps 1 & 2 apply to sieves having openings greater than 4.75 mm)

1. Select an adequate number of individual sieve openings (3 or 4) along a 45° line. Measure
and record the sieve openings to verify that the size opening indicated on the label is correct.

2. Repeat step 1, rotating the sieve 90*

3. Inspect the general condition of the sieve. Check the frame and solder joints for cracks or
holes (check for pin holes in the finer sieves).

4. Make sure the sieves have an appropriate label.

5. Check for tightness of the wires on each individual sieve.
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Inspected by:

Identification No.

VERIFICATION RECORD FOR SIEVES

Date:

November 29, 2017

(Page 2/2)

/ /

Verification Frequency:

Previous Verification Date:

Verification Equipment Used: See verification procedure for sieves
Verification Procedure Used: See verification procedure for sieves

Opening Size: Step 1

Next Due Date:

Opening Size: Step 2

General Condition of Sieve:

Label Correct: Wires Tight:

Action Recommended: Replace None
Comments:
Page 4/25 5.2.7.3.

2018
Revised 2018



November 29, 2017

VERIFICATION PROCEDURE FOR MECHANICAL SIEVE SHAKER
(Page 1/2)

Purpose:  This method provides instructions for checking the length of time the mechanical
sieving device must run to meet the tolerances as specified in KT-02 3.3.

Inspection Equipment Required:

1. Set of 8" dia. sieves (3/8, 4, 8, 16, 30, 50, 100, 200)
2. Timer

3. Balance, readable to 0.1 g.

4. Sample of fine aggregate.

Tolerance:

Shaker shall meet the tolerances specified in KT-02 3.3.
Procedure:

1. Place sample of aggregate in nested sieves.

2. Place sieves in shaker & set timer for 4 minutes.

3. Check sieving adequacy as described in KT-02 6.3.

4. If 4 minute setting doesn't meet specification increase time by 30 second intervals until
specification is met.
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November 29, 2017

VERIFICATION RECORD FOR MECHANICAL SHAKER

(Page 2/2)
Inspected by: Date:
Identification Number: Verification Frequency:
Previous Verification Date: Next Due Date:

Verification Equipment Used: See Verification Procedure For Mechanical Shaker.

Verification Procedure: See Verification Procedure For Mechanical Shaker.

1. Mass of sample grams.

2. Mass of material passing sieve after 1 minute of hand sieving as described in KT-02 6.3.

3. Percent of material passed.

Comments:
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VERIFICATION PROCEDURE FOR THERMOMETERS
(Page 1/2)

FORM DATE:

Purpose:

This method provides instructions for verifying the settings on general-purpose thermometers.

Inspection Equipment Required:

1. A calibrated thermometer graduated in 2.0°F (1.0°C) increments having a range which includes
the temperature range to be checked.

2. A clothes pin to hold the thermometer in such a manner as to enable the operator to read the
scale easily.

3. A container well to retain heat for constant temperature readings.

4. A hot plate to heat the liquid (oil) in the container well.

Procedure:

1. Place the thermometer inside the container well with the clothes pin attached to the
thermometer.

2. Take the first reading when the temperature has stabilized.

3. Take as many readings as necessary to determine the "laboratory thermometer setting" vs
"actual calibrated reading."
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VERIFICATION RECORD FOR THERMOMETERS

(Page 2/2)
Specification Interval:
Model No. see below
Serial No . see below

Date :

Calibration/Verification Performed by :

Cal./Ver. Procedure Reference: See Verification Procedure for Thermometers

Previous Calibration/Verification Date :

Next Calibration/Verification Due Date :

Calibration/Verification Equipment Used :

Model/Serial No. of C/V Equipment Used : see below
1. Equipment thermometer reading see below
2. Calibrated thermometer reading see below

Equipment Equipment Calibrated Calibrated
Thermometer Thermometer Thermometer Thermometer
Designation Reading Designation Reading
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VERIFICATION PROCEDURE FOR OVENS
(Page 1/2)

Form Date:

Purpose:

This method provides instructions for verifying the accuracy of the temperature settings and the
tolerance on ovens.

Inspection Equipment Required:

1. A calibrated thermometer graduated in 2.0 °F (1.0°C) increments having a range that
includes the temperature range to be checked.

2. A brass thermometer well to retain heat while the oven door is open. This is essential for a
constant temperature reading.

3. A clothes pin to hold the thermometer in such a manner as to enable the operator to read
the scale easily from outside or inside the oven.

Tolerance:

Drying ovens shall be capable of maintaining a constant temperature range listed in the
appropriate test methods.

Procedure:

1. Place the thermometer inside the brass well with the clothes pin attached to the
thermometer. Position the thermometer on the shelf where the samples are normally dried.

2. Take the first reading at least 1 hour after closing the oven (oven should remain
undisturbed).

3. Take as many readings as necessary to determine if the temperature range is within the
specified tolerance (three consecutive readings, taken no less than 1/2 hr apart, within
tolerance allowed are adequate).

4. Adjust the temperature of the oven if an observed temperature reading is outside the
tolerance specified (allow at least 1/2 hr for the temperature to stabilize between each
adjustment). Return to step 3.
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Form Date

VERIFICATION RECORD FOR OVENS

(Page 2/2)
Verified by Date
Verif. Frequency
Identification No.:
Prev. Verif. Date: Next Due Date :

Verif. Equip. Used Cal. Therm. Verif. Procedure Verification Procedure for Ovens

Temperature Range

Temperature* Oven Dial Reading ~ Correction Factor

Action Recommended: Repair Replace None _ X

*This thermometer has been tested by comparison with standards certified by NIST. If the
correction is “+” the true temperature is higher than the thermometer reading. If the correction is
“-” the true temperature is lower than the thermometer reading
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VERIFICATION PROCEDURE FOR VACUUM SYSTEM
(Page 1/2)

Form Date:

Purpose:
This method provides instructions for checking the vacuum pressure.

Inspection Equipment Required:

1. Absolute pressure gauge or manometer.
2. Water vapor trap.

3. Hoses, connectors, tools, misc.

Tolerance:
Equipment shall be capable of applying the vacuum specified in the applicable test method
(usually 30mm Absolute Vacuum)

Procedure:

1. Connect the gauge to the system with the trap in-line between the system and the gauge.

2. Make sure all connections are air-tight.

3. Open the number of lines normally used in testing, then read and record the pressure indicated
on the gauge.
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VERIFICATION RECORD FOR VACUUM SYSTEM

(Page 2/2)
Verified By Date
Verif. Frequency
Identification No.
Previous Verif. Date Next Due Date

Verif. Equip. Used ABSOLUTE GAUGE Verif. Procedure: Verification Procedure for Vac. Sys.

Vacuum _15mm of Hg vacuum is available at the end of the vacuum line

Action Recommended: Repair Replace _ None
Comments:
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MOISTURE/DENSITY GAUGE CALIBRATION

Troxler Electronic Laboratories, Inc.

Gauge model -3440
Serial-19627

Source type- Cs-137 Am-241/Be

Serial- 50-09352

0.02915

Page 13/25

Page 1/2

Ref standard count:density - 2365.525
moisture- 686. 05

Calib date: 3-19-2004
47-15173 Print date: 3-19-2004
**%  Density calibration count data ~ ***
Depth Magnes Mag/Al Alumin
1784.0 2217.0 2715.0
BS 1061 700 482
2 3662 2311 1467
4 3754 2227 1310
6 3020 1665 911
8 2083 1062 533
*** Density performance parameters ***
A B*1000 C Y’ Slope
4.930 1.52416 -0.11248 2217.0 0.8
16.750 1.44684 -0.24045 2217.0 3.2
21.332 1.54070 -0.17553 2217.0 3.6
24.074 1.72200 -0.11952  2217.0 3.1
22.955 1.89212 -0.06308 2217.0 2.3
*** Moisture calibration count data ***
Mag Mag/poly SR
0.0 553.0
20 406 398
Moisture performance parameters ***
F*1000 Rat Prec SR
1.01743 3.21 5.00 -11.5

5.2.7.3.
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Troxler Electronic Laboratories, Inc.

Page 2/2
Density Standard Decay Sheet
Gauge model -3440 Calib date: 3-19-2004
Serial-19627 Print date: 3-19-2004
Ref. std. cnt. 2365.525

Range of projected density standard counts at future dates

Lower Limit of Upper Limit of

Projected density ~ Projected density
Date Standard Count Standard Count
04-01-1996 2340 2387
05-01-1996 2336 2383
06-01-1996 2331 2378
07-01-1996 2327 2374
08-01-1996 2322 2369
09-01-1996 2318 2364
10-01-1996 2313 2360
11-01-1996 2309 2355
12-01-1996 2304 2351
01-01-1997 2300 2346
02-01-1997 2295 2342
03-01-1997 2291 2338
04-01-1997 2287 2333
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STABILITY MACHINE

Proving Ring Calibration Certificate -
Mztarials Tesling Equi t %ELEW Sfmﬂl'm

Grove Oy, PA  16127-2005
1-B00- 728-8378

Reprork antt Cerlifiale of WHevilicalion

This s 0 coiy that thea Ioliowing described machine has bean varihed n sccondance walh ASTM E4-BG ared wiep hound 1o b wihen &

ielarwnce ot +/- 10 %
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2300 ¥un Byrwn Strest L R T
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Attn:  Laary Schroade: H-ﬂ'll'mlﬂ;rlm Cht;  DlIMST
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1000 W 3| npas 2 50 488 Y .38 1
2000 1o ] 1 005 a 1000 18075 T4 .74 2
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[ (=T 4| OTE 3 3000 2064 38)] g1 3
oo =y =3 oIy a 4000 J0TP 4 20.8 052 3
10000 L L) orr ] 5000 ape. 2 T 4,16 L1
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Mactwie | Device | Mnahine Error ch Machins | Oowvcs | Machena Emod 1=} TR
Baading Panding Lanit b Lovia Fowding Rawdirg Lindk = Towde
20 24046 .54 D02% 1
00 500.24 .24 .08 1
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ElEEE ase| ot ]
00 | 250167 467 | DgT a
LOAD VALUES CORRECTELD FOR A TEMPERATURE OF
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Lesd Incicoting Cavice Migr. Sirainasnss
Do Sl M riau s 1]
Load Incicaiing Daviea Vearthed (1 B
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1 #E0A1 A [ETRMNSENSE [ 436 | 04/ 05 |BIT HL0BI
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CALIBRATION OF BALANCES
Page 1/4
March 30, 2004

ALFIE PACKERS INC.
SCOPE OF WORK FOR LABORATORY BALANCES:

Definitions are on next page.

1. The weighing environment is checked for anything that would affect the ability of the balance
to weigh accurately for example: direct air currents, direct sunlight, objects stuck under the
balance or magnets in close proximity to the balance.

2. The balance is checked for errors in zero, sensitivity, calibration, comer load, linearity,
repeatability and tare accuracy. Any errors are noted.

3. The balance is thoroughly cleaned and disassembled. Parts subject to wear or damage are
inspected. On mechanical balances, this includes but is not limited to knife edges, arrestment
mechanism, switches, pan brake assemblies and weight lifting assemblies. On electronic
balances, the measuring cell and flextures are inspected. Circuit boards and switches are
inspected for contamination and corrosion.

4. Any errors noted in step two are corrected through adjustments or replacement of minor parts.
If the balance cannot be returned to factory specifications through this method, the using

personnel are consulted as to the need for further repairs.

5. The balance is reassembled and final checks are made as in step two. Final calibration
adjustments are made.

6. Applicable GLP log books are annotated.

A. All tests are performed with Class 1 stainless steel weights traceable to the NIST and are
calibrated at least annually.

B. A certificate of weight traceability to the NIST is provided to each functional area. This

certificate lists all the balances serviced in that area and the serial number of the weights used,
their calibration date, the NIST trace number and the technician calibration number.

Page 2/4
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DEFINITIONS:

Balance = Weighing device, generally with a resolution of 1 part in 12,000 or greater. Top
loading balances will have a resolution of up to 1 part in 1,200,000 and sensitivity down to 1
milligram i.e. 1200.000 gram +/- .001 gram. Analytical balances will have a resolution of up to
1 part in 4,100,000 and sensitivity down to .0 1 milligram i.e. 41.00000 gram +/- .00001 gram.
Micro-balances will have a resolution of up to 1 part in 200,000,000 sensitivity down to
.0000001 gram.

Calibration = The accuracy of the balance, usually at full capacity, as compared to known
standards.

Class 1 = A published standard for weights from the NIST. The standard dictates the materials,
configuration and tolerance of the weights.

Corner loads = The deviation of the indicated weight between the center of the pan and the front,
rear, left and right of the pan. This test is performed at 2/3 of maximum capacity.

Electronic Balance = A balance deriving it's indicated weight from a force restoration coil
measuring cell or high resolution load cell.

Factory specifications = The balance manufacturers specifications for all adjustments, usually +/-
1 final count (least significant digit).

Flexture = Parts of the measuring cell. The accuracy of all adjustments is dependent on the
condition of these parts.

GLP = Acronym. Stands for Good Laboratory Practices. Laboratories under this standard must
establish a plan for weighing accuracy control.

Knife edges = The pivot points of the balance beam in mechanical balances.

Mechanical Balance = A high resolution balance deriving it's indicated readout from the
mechanical movement of a balance beam and a system of built in standard comparison weights.

NIST = Acronym. Stands for the National Institute for Standards and Technology. This is the
new name for the National Bureau of Standards (NBS).

Pan brake = Part of a mechanical analytical balance used to stop pan swing when the balance is
arrested.

Page 3/4
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DEFINITIONS, CONTINUED

Repeatability = Test performed on all balances to determine if it indicates the same weight and
returns to zero every time a weight is applied to and removed from the pan. This test is normally
performed with a weight that is near the normal usage of the balance if known or near the mid-
range of the balance. The weight is placed on the balance a minimum of three times to get a plus
or minus reading.

Sensitivity = On mechanical balances this test determines the accuracy of the beam travel or
optical range of the balance. On electronic balances this is the lightest weight that the balance

will accurately respond to.

Tare accuracy = This test is used on mechanical balances to determine if the balance reads the
same with or without the tare.

Page 4/4
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VERIFICATION PROCEDURE FOR SAND EQUIVALENT
(Page 1/2)

(DATE)

Equipment Checked: =~ WEIGHTED FOOT ASSEMBLY

Purpose:
This method provides instructions for verifying the critical mass of the weighted

foot assembly.

Inspection Equipment Required:
1. Balance, capacity 6100 g, readable to 0.1 g, repeatability to 0.05 g.

Tolerance:
Equipment shall meet the mass tolerances specified in the applicable test method.

Procedure:
1. Place the weighted foot assembly on the scale.

2. Record the mass to the nearest 0.1 g.
3. The mass shall be 1000 + 5 g.
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VERIFICATION RECORD FOR SAND EQUIVALENT
Page 2/2

The only item to be systematically inspected for KT-55 is the weighted foot
assembly. The assembly is to be inspected annually. The assembly is to have a
mass of 1000 + 5 g and shall be verified on calibrated scales.

Information concerning KT-55 is as follows:

1. Model and Serial Number.

2. Name of worker.

3. ID of Calibration/Verification (C/V) equipment used.

Serial Number

Maximum Load g
Readability 0.1g

4. Date of work done.

5. Next Due Date.

6. Previous C/V date.
New Equipment

7. Detailed results.
The mass of the weighted foot was grams.

8. Reference to procedure used.
See Page 2/2.
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CAL/VER PROCEDURE FOR GYRATORY
(Page 1/4)

Purpose:

This method provides instructions for calibrating the load (pressure) and verifying the angle,
rotation and height on the Superpave Gyratory. Use the proper equipment designated by the
manufacturer when calibrating or verifying the Gyratory.

Inspection Equipment required:

A certified load cell or proving ring to calibrate the load readings. Digital stopwatch required to
determine the rotational speed. Manufacturer’s recommended equipment for determining proper
angle. Certified blocks for determining accuracy of height reading.

Tolerances:
Meet all requirements as specified:
Gyratory:
Capable of applying a pressure of 600 + 6 kPa
Capable of applying an angle of 1.16 + 0.02 degrees
Gyrates specimen molds at 30 + 0.5 rev./minute
Records height of specimen to 0.05 mm during compaction once per gyration
Molds - 150 mm (nominal 6 in):
Inside diameter of molds 149.90 to 150.20 mm
At least 250 mm high
Walls at least 8.5 mm thick
Ram base and base plate faces shall be ground flat and have a diameter of 149.50
t0149.75 mm
Molds - 100 mm (nominal 4 in):
Inside diameter of molds 99.90 to 100.00 mm
At least 250 mm high
Walls at least 8.5 mm thick
Ram base and base plate faces shall be ground flat and have a diameter of 99.70 to
99.75 mm

Procedures:
Follow the calibration procedures set forth in the manufacturer's manual to meet the tolerances
established above.
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CAL/VER RECORD FOR GYRATORY

(Page 2/4)
Inspected by: Date:
Identification Number: _ Verification Frequency:
Previous Verification Date: Next Due Date:

Verification Equipment and Procedure Used: See Manufacturers Manual.

Calibration Results:

Angle Set at:

Revolutions Per Minute :

Height at a specific location :

% Error (+0.05 mm)

Actual Gyratory
(mm) (mm)
1.
2.
3.

Load at 3 (minimum) specific locations:
Actual Gyratory

(N/lbs ) (N/Ibs)

% Error = 100 (Gyratory - Actual)

Actual
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Verified By:

Equipment:

Equipment Identification:

VERIFICATION OF INSIDE DIAMETERS FOR GYRATORY MOLDS
(Page 3/74)

Gyratory Compaction Molds

Date:

Verif. Frequency:

Previous Verif. Date:

Verification Equipment Used:

See Below

Next Due Date:

Verif. Equipment ldentification:

Verif. Procedure Used:

| Tolerance of Molds: |

5.902 to 5.913in (149.90 to 150.20 mm)

Bore Gauge
Readings:

Mold Number 1

Orientation

Reading 1

Reading 2

Reading 3

Ave. of
Readings

Average
Diameter

Top

Middle

Bottom

Average Inside Diameter: |

Action Recommended:

Comments

Repair |:|

Replace |:|

None I:l

Mold Number 2

Orientation

Reading 1

Reading 2

Reading 3

Ave. of
Readings

Average
Diameter

Top

Middle

Bottom

Average Inside Diameter: |

Action Recommended:

Comments

Page 24/25

Repair |:|

Replace |:|

None I:l
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CAL/VER RECORD FOR GYRATORY
(Page 4/4)

Proving Ring Calibration Certificate

—
Eertificate of Talibration
oy Lreneenhility to the
Hivitedr Fiates Fatinnal Jostitnte of Btandurds S Technolagn
Fing Instrument Company
10,000 Ibf Capacity Proving Ring
Scrial No.: 1306
The above indenlified instrument weas calibraled as a kimited Icad Instruement acoording to ASTM
specification EF4-91, "Standard Fraclice of Cahbration of Force-Measuring [nstruments for Werfying
the Fproe Indicalion of Tasting Machines "
Following are 1ha unils and loads of force apphed to the instrument dunng three sepamite od lkbration
runs, the dafleciion in divisiens as read on the indicator for each applied load, and the average
gefladion in divisions for each load.
Ccompresgicon Mode Indicator Readings
Appliad T T -
Load Run 1 Run 2 Run 3 Avaraga
LBF o DIV o o
4] 0.4 0.4 o oa
50 254 354 354 5.4
500 &D0.4 £0.0 s0.0 s0.0
1000 10040 1404 100.0 1004
1200 143,40 149.0 148.0 148.0
2000 1995 1885 18895 1995
25040 250.0 250.0 Z50.0 250.0
3000 300.0 300.0 300 A30.0
4000 403 5 403 O 403 0 403 2
S000 Sa7.0 HT o ST 0 507 0
SO 6085 BOE O BOT.S B0& 0
TORD 714 3 T4 .0 149 714 2
SO0 81T 0 8170 2165 B85 &
Lelelelnd 9210 9H .5 920.5 o207
10000 1025 .0 1027.5 1028.0 10278
Tem perature During Calibration: 2200 Calitsratiorn Date: &1 785
Humidity: 38 % Ruacalibralion Date: &1 896
Uncertsinty of Standard: +/- 0 2% Due Date: 12/19/58
Standard Usad: 10K LB. LOADR CELE S'W 77107
NIST Mo.: 822 07250325 .
'I . a I\ . L~
Approvad By: MPC nl-lr ah !u [;,..; u,jl
. .
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5.2.7.4 CONCRETE: CONTRACTOR’S QUALITY CONTROL PLAN

NOTE: This document is generally written in the imperative mood. The subject, "the Contractor" is
implied. Also implied in this language are "shall", "shall be", or similar words and phrases. The word
"will" generally pertains to decisions or actions of the Kansas Department of Transportation.

1. GENERAL

Provide qualified personnel and sufficient equipment meeting the requirements listed in the Department's
Construction Manual to conduct quality control testing which conforms with the Sampling and Testing
Frequency Chart for Portland Cement Concrete Pavement for Quality Control/Quality Assurance Projects
in Appendix B of this Manual.

Calibrate and correlate the testing equipment with prescribed procedures and conduct tests in
conformance with specified testing procedures as listed in the Department's Construction Manual. As a
minimum, meet the calibration schedule as outlined in Table 1, Concrete Materials Test Equipment.

Maintain control charts on an ongoing basis.

File all reports, records, and diaries developed during the progress of construction activities as directed by
the Engineer. Files become the property of the Engineer.

Provide the following:

e Make copies of all test results and control charts readily available to the Engineer at the project
site.

e Copies of all failing test results (based on a moving average of four tests, when appropriate) and
summary sheet sent on a daily basis to the Construction Engineer.

2. QUALITY CONTROL ORGANIZATION

Submit a listing of the names and phone numbers of individuals and alternates responsible for quality
control administration and inspection along with the proposed mix design data. Provide an organizational
chart that shows the specified lines of authority relating both to mix design and quality control operations
during production. Post a copy of the organizational chart in the Contractor's test facility.

The Contractor's quality control organization or private testing firms representing the Contractor must
include individuals who are certified by KDOT, or a State approved equivalent, for the appropriate test
methods. Only technicians certified in accordance with KDOT requirements may perform process control
testing on the project.

3. QUALITY CONTROL PLAN

Prepare a Quality Control Plan detailing the type and frequency of inspection, sampling and testing
deemed necessary to measure and control the various properties of materials and construction governed
by the Specifications. As a minimum, detail sampling location and techniques, and test frequency to be
utilized in the sampling and testing plan. The Department may utilize quality control sampling and
testing performed by the Contractor for acceptance. Submit the Quality Control Plan to the Engineer in
writing a minimum of 30 days before work begins.
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3.1. Identify the personnel responsible for the Contractor's quality control in the plan. This shall include
the company official who will act as liaison with Department personnel, as well as the Certified
Technician who will direct the inspection program. The class or classes of concrete involved will be
listed separately. If existing mix designs are to be utilized, list the mix design numbers. Quality control
sampling, testing, and inspection shall be an integral part of the Contractor's quality control system. In
addition to the above requirements, the Contractor's quality control system shall document the quality
control requirements considered to be normal activities necessary to control the production and placing of
a given product or material at an acceptable quality level. Retain the latest ten gradation samples for use
by the Engineer. It is intended that sampling and testing be in accordance with standard methods and
procedures, and that measuring and testing equipment be standard, properly calibrated and documented in
the Quality Manual. Detail in the Quality Control Plan any alternative sampling method, procedure and
inspection equipment to be used.

3.1.1. Elements of the Plan. Include all elements that affect the quality of the PCCP including, but not
limited to the following:

e Mix Designs

Aggregate Production

Quality of Components

Stockpile Management

Proportioning, including added water

Mixing and transportation, including time from batching to completion of delivery
Initial mix properties, including temperature, air content, and consistency

Placement and consolidation, including a schedule for calibrating and checking vibrators
Concrete yield versus Plan quantity records

Compressive strength

Finishing and curing

3.1.2. Personnel Requirements:
Detail in the Plan:

e The frequency of sampling and testing, coordination of activities, corrective actions to be taken, and
documentation.

e How the duties and responsibilities are to be accomplished and documented, and whether more than
one Certified Technician is required.

e The criteria utilized by the Technician to correct or reject unsatisfactory materials.
Certified Technicians required duties:

e Perform and utilize quality control tests and other quality control practices to assure that delivered
materials and proportioning meet the requirements of the mix designs, including temperature, slump, air
content, and strength. Be available on the project site whenever concrete is being produced for use on or
being placed on the project site.

e Periodically inspect all equipment utilized in transporting, proportioning, mixing, placing,

consolidating, finishing, and curing to assure it is operating properly and that placement, consolidation,
finishing, and curing conform to the mix design and other Contract requirements.
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4. DOCUMENTATION

Maintain adequate records of all inspections and tests. Indicate the nature and number of observations
made, the number and type of deficiencies found, the quantities approved and rejected, and the nature of
corrective action taken as appropriate in the records. The Contractor's documentation procedures will be
subject to approval of the Engineer before the start of the work and to compliance checks during the
progress of the work.

Charts and Forms.

Keep all conforming and non-conforming inspections and test results complete and available at all times
to the Engineer during the performance of the work. Provide forms on a computer-acceptable medium
where required. Document batch tickets and gradation data in accordance with Department requirements.

Chart test data for portland cement concrete in accordance with the applicable requirements.

The Contractor may use other types of control charts as deemed appropriate. It is normally expected that
testing and charting will be completed within 24 hours after sampling.

All charts and records documenting the Contractor's quality control inspections and tests become property
of the Department upon completion of the work.

5. CORRECTIVE ACTION

Notify the Engineer when the moving average test result trend line for any property approaches the
specification limits. Cease operations if two consecutive moving average points fall outside the
Specification limits. Ceasing operations is the Contractor’s responsibility. Quality control tests for this
determination includes aggregate gradation, compliance with the mix design band, entrained air content,
concrete unit mass, and density of fresh concrete in place. Production will be suspended pending the
satisfactory results of a pre-production sample, unless waived by the District Materials Engineer.

Failure to cease operations for the conditions cited above will subject all subsequent material to rejection
by the Engineer, or acceptance at a reduced price, as determined by the Engineer.

The Engineer may examine materials represented by individual test results which lie beyond the
Contractor's normal quality control testing variation. The investigation may be based on either
Contractor's test results or the Department's test results. The information from additional testing
(including testing of in place pavement) may be used to define unacceptable work according to Standard
Specifications For State Road And Bridge Construction Subsection 105.5 and Subsection 106.10,
and apply appropriate price reductions or initiate corrective action as determined by the Engineer.

For any test, if a dispute exists between the Engineer and the Contractor about the validity of the others’
test results, the KDOT Materials and Research Center (MRC) will perform referee testing. If one of the
disputed Department test result was generated at the MRC, then an Independent Laboratory agreeable to
both parties will be selected. The selected Laboratory must be approved by the AASHTO Accreditation
Program for the appropriate test procedure. If referee testing indicates that the Department’s test results
are correct, then the Contractor pays for the additional testing, including referee testing performed at the
MRC. If the referee testing indicates that the Contractor's test results are correct then the Department
pays for the additional testing.
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6. Non-Conforming Materials. Establish and maintain an effective and positive system for controlling
non-conforming material, including procedures for its identification, isolation and disposition. Reclaim
or rework non-conforming materials in accordance with procedures acceptable to the Engineer.

Positively identify all non-conforming materials and products to prevent use, shipment, and intermingling
with conforming materials and products. Provide holding areas, mutually agreeable to the Engineer and
the Contractor.

7. Testing Facilities. Locate the Contractor's testing facility at the plant site or at the project site. Obtain
approval of the facility by the Engineer before the commencement of mixture production. Any other
laboratory location requires approval by the District Materials Engineer. Provide suitable space and
specified testing equipment for use by the Contractor's quality control personnel to perform tests as
required.

KDOT’s Materials and Research Center is Accredited through the AASHTO Accreditation Program
(AAP). If the contractor’s QC laboratory is not participating in the AAP, then the contractor shall have an
AAP approved laboratory inspect the QC laboratory’s equipment annually. The inspection shall include
all equipment necessary to perform testing on specified types of material related to this contract; base and
grading, aggregate, bituminous and concrete.

Maintain a Quality Manual showing all calibrations performed on all test equipment and when next
calibration is due for that equipment. As a minimum, follow the calibration/verification interval

established in Table 1, Concrete Materials Test Equipment.

To facilitate communication between the Contractor and the Engineer regarding quality control, equip the
Contractor's testing facility with the following:

e A telephone with a private line for the exclusive use of the testing facility's quality control personnel.
e A copying machine.

e A facsimile machine for use by contractor personnel and the Engineer.
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Table 1, Concrete Materials Test Equipment

Interval
Equipment — Test Method Requirements (months)

Mechanical Shakers — KT-02 Check Sieving Thoroughness. 12
General Purpose Balances, Scales and | Calibrate 12
Masses — AASHTO M 231
Test Thermometers — KT-17, KT-22 & | Standardize 12
KT-73
Compression Testing Machine — KT- Standardize 12
22, KT-23, KT-49 & KT-76 Verify plane of bearing blocks 12

Clean and lubricate upper bearing block 6
Sieves — AASHTO M 92 Check Physical Conditions. 6
Water tanks - AASHTO M 201 Cleaned and refilled with 3 g/L of 24

hydrated lime (calcium hydroxide).

Verify recording thermometer. 6
Pressure Meter — KT-18 Standardize 3
Volumetric Meter — KT-19 Standardize 12
Slump Cones- KT-21 Check Critical Dimensions. 12
Unit Mass — KT-20 Standardize 12
Capping Material — KT-77 Check Strength. 3
Reusable Molds — KT-23 Check Critical Dimensions. 12
Nuclear Density Gauge — KT-36 & 38 | Check for Uniformity 12

8. Testing Requirements. Take all samples for tests at random locations, selected as specified in the
Contractor’s quality control plan and at the rates specified in the Sampling and Testing Frequency Chart
for Portland Cement Concrete Pavement for Quality Control/Quality Assurance Projects in Appendix B
of Part V of this manual. Record and document all test results and calculations on data sheets that are
acceptable to the Engineer. Record specific test results on a daily summary sheet approved by the
Engineer to facilitate the computation of moving test averages. Base moving averages on 4 consecutive
test results. Include a description of quality control actions taken (adjustment of aggregate or additive
proportions in the mix, moisture adjustments, etc.) in the Daily Quality Control Summary Sheet. Post
quality control charts and keep current, show both individual test results and moving average values. Plot
the single test values and the 4 test moving average values on approved control charts.

Plot individual test results in black for each test point. Connect points with a solid black line. Plot the
moving average for each test variable in red starting with the fourth test. Connect the points with a
dashed red line. Plot the Department's verification test results with green asterisks. Do not include the
Department's verification tests in the moving average.

Indicate specification working range limits for single test results on the control charts using a dotted green
line and for four point moving average results with a solid green line.

NOTE: Section 5.2.7.5 of this manual, Example of a Laboratories Quality Manual, will provide
examples of equipment procedures to verify that equipment is in proper condition. Also, examples of
records for calibrating/verifying equipment are presented.
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5.2.7.5. EXAMPLE OF A LABORATORY QUALITY MANUAL FOR CONCRETE

This example is designed to provide the contractor with general guidelines in creating and maintaining a
contractor’s Quality Manual. The QC process requires records for equipment calibrations/verifications.
Maintaining records in an orderly manner will assist the District Materials Engineer in quickly
determining if the laboratory meets QC/QA requirements. Having the field laboratory fully prepared and
the Quality Manual properly maintained represent two items that can keep the start of a project on
schedule. It also aids in demonstrating the contractor’s commitment to the QC process.

The following records are presented to illustrate what is required in the Quality Manual. Records need
not be exactly as illustrated but should supply all necessary information concerning the equipment
calibration/verification.

NOTE: After calibrating any force-load testing equipment (compression machine) a copy of the
certification for the calibration device (proving ring, load cell, etc.) shall be attached to the calibration
record.

NOTE: All equipment shall be verified immediately after repairs (this may include new or replacement
parts, or mechanical or electrical adjustments) that may in any way affect the ability of the equipment to
provide accurate readings as established during the calibration/verification process.

DISCLAIMER: It is not the intent of these guidelines to endorse manufacturers, suppliers, calibrating
services, etc. The examples are used to provide guidance in establishing a thoroughly developed Quality
Manual.
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LABORATORY QUALITY MANUAL
TABLE OF CALIBRATION/VERIFICATION DATES

Revision Date 2015

Equipment — Test Method

Calibration/Verification
Intervals (months)

Next Due Date

Mechanical Shakers — KT-02

General Purpose Balances, Scales and Masses
— AASHTO M 231

Test Thermometers — KT-17, KT-22 & KT-77

Testing Machine — KT-22, KT-23, KT-49 &
KT-76

Sieves — AASHTO M 92

Water tanks — AASHTO M 201 (clean)

Pressure Meter — KT-18

Volumetric Meter — KT-19

Slump - KT-21

Unit Mass — KT-20

Capping Material — KT-77

Reusable Molds — KT-23
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November 20, 2017

VERIFICATION PROCEDURE FOR MECHANICAL SIEVE SHAKER
(Page 1/2)

Purpose: This method provides instructions for checking the length of time the mechanical
sieving device must run to meet the tolerances as specified in KT-02 3.3.

Inspection Equipment Required:

1. Set of 8" dia. sieves (3/8, 4, 8, 16, 30, 50, 100, 200)
2. Timer

3. Balance, readable to 0.1 g.

4. Sample of fine aggregate.

Tolerance:
Shaker shall meet the tolerances specified in KT-02 3.3.
Procedure:

1. Place sample of aggregate in nested sieves.

2. Place sieves in shaker & set timer for 4 minutes.

3. Check sieving adequacy as described in KT-02 6.3.

4. If 4-minute setting doesn't meet specification increase time by 30 seconds intervals until
specification is met.
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November 20, 2017

VERIFICATION RECORD FOR MECHANICAL SHAKER
(Page 2/2)

Verified By: Date:

Equipment: Mechanical Shaker Verif. Frequency:

Previous Verif. Date: Next Due Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

1 Weight of Sample in grams.

2 Weight of material, in grams, passing sieve after one minute of hand
shaking as described in KT 2.

3 Percent of material passed.
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CALIBRATION OF BALANCES
Page 1/3
March 30, 1995

ABC PACKERS INC.
SCOPE OF WORK FOR LABORATORY BALANCES:

Definitions are on next page.

1. The weighing environment is checked for anything that would effect the ability of the balance
to weigh accurately for example: direct air currents, direct sunlight, objects stuck under the
balance or magnets in close proximity to the balance.

2. The balance is checked for errors in zero, sensitivity, calibration, comer load, linearity,
repeatability and tare accuracy. Any errors are noted.

3. The balance is thoroughly cleaned and disassembled. Parts subject to wear or damage are
inspected. On mechanical balances, this includes but is not limited to knife edges, arrestment
mechanism, switches, pan brake assemblies and weight lifting assemblies. On electronic
balances, the measuring cell and flextures are inspected. Circuit boards and switches are
inspected for contamination and corrosion.

4. Any errors noted in step two are corrected through adjustments or replacement of minor parts.
If the balance cannot be returned to factory specifications through this method, the using
personnel are consulted as to the need for further repairs.

5. The balance is reassembled and final checks are made as in step two. Final calibration
adjustments are made.

6. Applicable GLP log books are annotated.

A. All tests are performed with Class 1 stainless steel weights traceable to the NIST and are
calibrated at least annually.

B. A certificate of weight traceability to the NIST is provided to each functional area. This
certificate lists all the balances serviced in that area and the serial number of the weights used,
their calibration date, the NIST trace number and the technician calibration number.
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Page 2/3
DEFINITIONS:

Balance = Weighing device, generally with a resolution of 1 part in 12,000 or greater. Top
loading balances will have a resolution of up to 1 part in 1,200,000 and sensitivity down to 1
milligram i.e. 1200.000 gram +/- .001 gram. Analytical balances will have a resolution of up to
1 part in 4,100,000 and sensitivity down to .0 1 milligram i.e. 41.00000 gram +/- .00001 gram.
Micro-balances will have a resolution of up to 1 part in 200,000,000 sensitivity down to
.0000001 gram.

Calibration = The accuracy of the balance, usually at full capacity, as compared to known
standards.

Class 1 = A published standard for weights from the NIST. The standard dictates the materials,
configuration and tolerance of the weights.

Corner loads = The deviation of the indicated weight between the center of the pan and the front,
rear, left and right of the pan. This test is performed at 2/3 of maximum capacity.

Electronic Balance = A balance deriving it's indicated weight from a force restoration coil
measuring cell or high resolution load cell.

Factory specifications = The balance manufacturers specifications for all adjustments, usually
+/- 1 final count (least significant digit).

Flexture = Parts of the measuring cell. The accuracy of all adjustments is dependent on the
condition of these parts.

GLP = Acronym. Stands for Good Laboratory Practices. Laboratories under this standard must
establish a plan for weighing accuracy control.

Knife edges = The pivot points of the balance beam in mechanical balances.

Mechanical Balance = A high resolution balance deriving it's indicated readout from the
mechanical movement of a balance beam and a system of built in standard comparison weights.

NIST = Acronym. Stands for the National Institute for Standards and Technology. This is the
new name for the National Bureau of Standards (NBS).

Pan brake = Part of a mechanical analytical balance used to stop pan swing when the balance is
arrested.
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Page 3/3
DEFINITIONS, CONTINUED

Repeatability = Test performed on all balances to determine if it indicates the same weight and
returns to zero every time a weight is applied to and removed from the pan. This test is normally
performed with a weight that is near the normal usage of the balance if known or near the mid-
range of the balance. The weight is placed on the balance a minimum of three times to get a plus
or minus reading.

Sensitivity = On mechanical balances this test determines the accuracy of the beam travel or
optical range of the balance. On electronic balances this is the lightest weight that the balance
will accurately respond to.

Tare accuracy = This test is used on mechanical balances to determine if the balance reads the
same with or without the tare.
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November 20, 2017
VERIFICATION PROCEDURE FOR THERMOMETERS
(Page 1/2)

FORM DATE: March 29, 1996

Purpose:
This method provides instructions for verifying the settings on general-purpose thermometers.
Inspection Equipment Required:

1. A calibrated thermometer graduated in 2.0°F (1.0°C) increments having a range which includes
the temperature range to be checked.

2. A clothespin to hold the thermometer in such a manner as to enable the operator to read the
scale easily.

3. A container well to retain heat for constant temperature readings.

4. A hot plate to heat the liquid (oil) in the container well.

Procedure:

1. Place the thermometer inside the container well with the clothespin attached to the thermometer.
2. Take the first reading when the temperature has stabilized.

3. Take as many readings as necessary to determine the "laboratory thermometer setting" vs "actual
calibrated reading."

Page 8/28 5.2.7.5. 2018
Revised 2018



VERIFICATION RECORD FOR THERMOMETERS

(Page 2/2)
Verified By: Date:
Equipment: Thermometers Verif. Frequency:
Previous Verif. Date: Next Due Date:
Verification Equipment Used:
Verif. Equipment Identification:
Verif. Procedure Used: See procedure (page 1/2)
AASHTO Procedure Equipment Thermometer Calibrated Thermometer
Identification Reading in ° F Identification Reading in ° F
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REPORT FORM FOR COMPRESSION MACHINE

(Page 1/2)

Calibration performed according to ASTM E 4 (latest publication).

- Must provide Load Cell readings, Compression Machine readings and

percent error for each force reading.

CONTRACTOR:

LOCATION:

CALIBRATION SERVICE NAME:

CALIBRATOR:

NEXT LOAD CELL/RING CALIBRATION DATE:

LOWER RANGE OF DEVICE (CLASS A VALUE):

UPPER RANGE OF DEVICE:

TEMPERATURE CORRECTION FACTOR USED:

TESTING MACHINE MANUFACTURER:

TESTING MACHINE SERTAL NUMBER:

CALIBRATION WITNESS:

CALBIRATOR SIGNATURE:

CHECK PLANE OF BEARING BLOCKS?:_Y/N

CLEAN/LUBRICATE UPPER BEARING BLOCK?:_Y/N

COMMENTS:
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EXAMPLE FOR VERIFICATION RECORD OF TESTING MACHINE
(Page 2/2)
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VERIFICATION PROCEDURE FOR SIEVES
(Page 1/2)
Purpose:

This method provides instructions for checking the physical condition of laboratory tests sieves
ranging in size 3 in. (75 mm) to #200 (0.075 mm).

Inspection Equipment Required:

1. A caliper readable to 0.01 mm (use for #4 or coarser).

Tolerances:

Sieves shall meet physical requirements specified in AASHTO M 92 (ASTM E11).
Procedure:

(Steps 1 & 2 apply to sieves having openings greater than 4.75 mm)

1. Select an adequate number of individual sieve openings (3 or 4) along a 45° line. Measure and
record the sieve openings to verify that the size opening indicated on the label is correct.

2. Repeat step 1, rotating the sieve 90

3. Inspection the general condition of the sieve. Check the frame and solder joints for cracks or
holes (check for pinholes in the finer sieves).

4. Make sure the sieves have an appropriate label.

5. Check for tightness of the wires on each individual sieve.
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VERIFICATION RECORD FOR SIEVES

(Page 2/2)

Verified By:

Date:

Equipment: Sieves

Previous Verif. Date:

Verification Equipment Used:

Verif. Frequency:

Next Due Date:

Verif. Equipment Identification:

Verif. Procedure Used:

Opening Size in mm Opening Size in mm Suggested
B .
i :‘5 %‘J Step 1 Step 2 Action
Sieve ID e :g S E
EEIRIR 2 3 4 1 2 3 4 R - Replace
Q0| = | B N - None
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VERIFICATION PROCEDURE FOR WATER TANKS
(Page 1/2)

Purpose:

This method provides instructions for checking water storage tanks.
Inspection Equipment Required:

1. Calibrated thermometer, graduated in 0.5°C divisions.

Tolerances:

1. Storage Tanks shall meet the tolerances specified in the test method.

Procedure:

(Tanks)

Drain and clean the water storage tanks in intervals not to exceed 24 months.

1. Visually inspect the tanks, note any crack or holes observed, and repair as needed.

2. Refill each tank with water containing 3 g/L of calcium hydroxide.

3. Thoroughly stir the water in the tanks at intervals not to exceed one month to help replace calcium ions
that have depleted. - Record the date stirred.

(Recording Thermometer)

1. Check the recording thermometer for accuracy at least every six months.

2. Place calibrated thermometer in water adjacent to the recording thermometer.

3. Correction factor shall be provided if differences in the observed readings exceed 1°C. Record this
verification of the thermometer as described in the section covering verification of thermometers.
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VERIFICATION RECORD FOR WATER TANKS

(Page 2/2)
Verified By: Date:
Equipment: Water Tanks Verif. Frequency:
Previous Verif. Date: Next Due Date:
Verification Equipment Used:
Verif. Equipment Identification:
Verif. Procedure Used:
Water Stirred in Tanks
1% year 2™ year

Month 1

Month 2

Month 3

Month 4

Month 5

Month 6

Month 7

Month 8

Month 9

Month 10

Month 11

Month 12

Tanks Drained and Cleaned:

Condition of tanks

Refilled with 3 g/L. hydrated lime (calcium hydroxide)

Was the thermometer checked for accuracy every six months?
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VERIFICATION PROCEDURE FOR PRESSURE METER
(Page 1/2)

Purpose:

This method provides instructions for checking the Type B pressure meter.
Inspection Equipment Required:

1. Calipers or ruler readable to 0.01 in.

2. Gauge for measuring hemispherical end of tamping rod.

3. Scale accurate to 0.1 % of the weight of the bowl filled with water.

4. Calibration vessel.

5. Glass plate.

Tolerance:

The pressure meter shall comply with KT-18 for dimensions and materials.
Procedure:

1. Determine the weight of water required to fill the calibration vessel. Record weight as w.
2. Determine the weight of water required to fill the bowl. Record the weight as .
3. Determine R = w/W.

4. Determine the calibration factor K, where K=R.
5. Assemble water filled meter and calibrate the pressure gauge as outlined in KT-18.
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VERIFICATION RECORD FOR PRESSURE METER
(Page 2/2)

Verified By: Date:

Equipment: Type B pressure meter Verif. Frequency:

Previous Verif. Date: Next Due Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

Air content gradations verified as in KT Yes /no
18?

Tamping Rod
Diameter, inches 1) 5/8”
2)
Length, inches At least 16”
Hemispherical end Yes / no

Action recommended

Page 17/28 5.2.7.5. 2018
Revised 2018



VERIFICATION PROCEDURE FOR VOLUMETRIC METER
(Page 1/2)

Purpose:
This method provides instructions for checking the volumetric meter.
Inspection Equipment Required:

1. Calipers or ruler readable to 0.01 in.

2. Gauge for measuring hemispherical end of tamping rod.

3. Scale accurate to 0.1 % of the weight of the bowl filled with water.
4. Calibrated cup.

5. Thermometer

Tolerance:
The volumetric meter shall comply with KT-20 for dimensions and materials.
Procedure:

1. Determine the volume of the bowl, with an accuracy of at least 0.1 % by weighing the amount of water
required to fill it at room temperature, and dividing this weight by the unit weight of water at the same
temperature.

2. Determine the accuracy of the gradations on the neck, by filling the assembled meter with water to a pre-
selected air-content gradation and then determining the quantity of 21.1°C (70°F) water required to fill the
meter to the zero mark. The added water shall be within = 0.1 % volume of the measuring bowl. Repeat
this procedure 3 times.

3. Determine the volume of the calibrated cup by the method outlined in KT-20.
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VERIFICATION RECORD FOR VOLUMETRIC METER
(Page 2/2)

Verified By: Date:

Equipment: Volumetric meter Verif. Frequency:

Previous Verif. Date: Next Due Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

Volume of bowl:

Volume of calibrated cup:

Neck gradations accurate Yes / no

Gradations checked 3 times Yes / no

Tamping Rod
Diameter, inches 1) 5/8”

2)
Length, inches At least 127

Hemispherical end Yes / no

Action recommended
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VERIFICATION PROCEDURE FOR SLUMP
(Page 1/2)
Purpose:
This method provides instructions for checking the critical dimensions of the slump cone.

Inspection Equipment Required:

1. Calipers or ruler readable to 0.01 in.

2. Straightedge or ruler.

3. Digital micrometer.

4. Gauge for measuring hemispherical end of tamping rod.
Tolerance:

Equipment shall meet the dimensional tolerances specified in the test method.
Procedure:
(CONE)

1. Measure the inside diameter at the top of the cone to the nearest 0.01 in. by taking two readings 90°
apart using the calipers and record the results.

2. Invert the cone and repeat the procedure.

3. Place the cone on a flat surface. Measure and record the depth of the cone by using the calipers and a
straightedge and record the results.

4. Measure the thickness of the cone to the nearest 0.001 in. by taking 2 readings 90° apart at the bottom
of the cone & record the results.

(TAMPER)

1. Measure the diameter of the tamping rod to the nearest millimeter by taking two readings 90° apart
using the micrometer and record the results. Measure the length of the rod to the nearest 0.1 in. and
record the results.

2. Measure the hemispherical end of the rod and record the results.
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VERIFICATION RECORD FOR SLUMP

(Page 2/2)
Verified By: Date:
Equipment: Slump Cone and Tamping Rod Verif. Frequency:
Previous Verif. Date: Next Due Date:
Verification Equipment Used:
Verif. Equipment Identification:
Verif. Procedure Used:
Cone Specification

Top inside diameter, inches 1) 4” +/-1/8”

2)
Bottom inside diameter, inches 1) 8”7 +/-1/8”

2)
Depth of Cone , inches 1) 127 +/- 1/8”
Wall thickness, inches 1) Not less than

0.045”
2)
Tamping Rod

Diameter, inches 1) 5/8”

2)
Length, inches Approx. 24”
Hemispherical end Yes /no
Action recommended
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VERIFICATION PROCEDURE FOR UNIT MASS
(Page 1/2)
Purpose:

This method provides instructions for calibrating measures used in obtaining unit mass.
Inspection Equipment Required:

1. Balance conforming to Part V 5.9. Sampling and Test Methods Forward
2.0.01 in (0.25 mm) feeler gauge.

3. 1/4 in (6 mm) thick glass plate at least 1 in (25 mm) larger than the measure.
4. Water pump or chassis grease.

5. Thermometer.

Tolerance:
The bowls and measures shall conform to the dimensions found in KT-20.
Procedure:

1. Place glass plate on rim and attempt to insert feeler gauge.

2. Fill measure with room temperature water and cover in such a way as to dispel air bubbles and excess
water.

3. Determine the mass of water in the measure.

4. Determine the temperature of the water, and obtain its density from KT-15.

5. Calculate the volume, V, of the measure by dividing the mass of the water required to fill the measure
by its density.

6. Calculate the factor for the measure (1/V) by dividing the density of the water by the mass required to
fill the measure.
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VERIFICATION RECORD FOR UNIT MASS

Verified By:

(Page 2/2)

Date:

Equipment: Measure for Unit Mass

Verif. Frequency:

Previous Verif. Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

Next Due Date:

Glass 6 mm thick and 25 mm larger
than measure

Rim plane to 0.25 mm

Temperature of water taken

Density obtained KT 20

Volume and measure factor determined

Action recommended

Specification

Yes / no

Yes / no

Yes / no

Yes / no

Yes / no
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Purpose:

(Page 1/3)

To ensure that capping material meets Quality requirements.

Inspection Equipment Required:

1. Testing Machine
2. Melting Pot capable of holding a temperature between 265 to 290°F (129 to 143°C)

3. Three 2-inch (50 mm) cube molds
4. Ladle or other suitable pouring device
5..002 feeler gauge and bar

6. Mineral oil
7. Straight bar

Tolerance:

VERIFICATION PROCEDURE FOR CAPPING MATERIAL

All capping material shall conform to the following strength and thickness requirements:

Cylinder Minimal Strength of Capping Material Maximum Maximum

Compressive Average Thickness

Strength psi (MPa) Thickness of | Any Part of
Cap the Cap

500 to 7000 psi| 5000 psi (35 MPa) or cylinder strength, | 1/4 inch 5/16 inch

(3.5 to 50 MPa) whichever is greater (6 mm) (8 mm)

Greater than 7000 | Compressive strength not less than cylinder | 1/8 inch 3/16 inch

psi (50 MPa) strength (3 mm) (5 mm)
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VERIFICATION PROCEDURE FOR CAPPING MATERIAL
(Page 2/3)

Procedure:

1. Melt sufficient capping material in melting pot until it reaches between 265 to 290°F (129 to 143°C).

2. Bring the mold parts to 68 to 86°F (20 to 30°C).

3. Coat all surfaces of cube molds with mineral oil.

4. After stirring thoroughly, use Ladle to begin casting the cubes. Quickly fill all three molds until the
molten material reaches the top of the filling hole.

5. Allow time for maximum shrinkage to occur due to cooling and solidification to occur (approximately
15 minutes) and refill each mold with molten material.

6. After solidification occurs remove the cubes from the molds without breaking off the knob.

7. Remove oil, sharp edges, and fins from cubes.

8. Allow cubes to harden for a minimum of two hours before breaking.

9. Test the cubes in the compression machine and calculate the compressive strength.
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VERIFICATION RECORD FOR CAPPING MATERIAL

(Page 3/3)
Verified By: Date:
Equipment: Capping Material Verif. Frequency:
Previous Verif. Date: Next Due Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

Compressive Strength at 2 hours (average of three), PSI

Material Meets specification requirements as outlined in Page 1/3.
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VERIFICATION PROCEDURE FOR REUSABLE MOLDS
(Page 1/2)
Purpose:
This method provides instructions for checking all types of reusable molds.
Inspection Equipment Required:
1. Calipers or ruler readable 0.01 in.
2. Aggregate for dry rodding, (cylinder molds)
3. Supply of water for leak testing
4. Triangle for checking right angels

Tolerance:

Molds shall meet the dimensional requirements of AASHTO M 205 for cylinder molds, and KT-22 for
beam molds.

Procedure:
1. Reusable plastic molds shall be dry rodded and checked for damage, as stated in AASHTO M 205.

2. All reusable molds shall be filled 90 - 95% of capacity with water and subjected to jarring and tapping.
3. After standing for a minimum of one hour, check molds for visible leakage.
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VERIFICATION RECORD FOR REUSABLE MOLDS

(Page 2/2)
Verified By: Date:
Equipment: Reusable Molds Verif. Frequency:
Previous Verif. Date: Next Due Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

Inside Diameter

Inside Height

Top and Bottom Planes Perpendicular to Axis
Diameter Variation Within +-2% (% of variation)
Satisfactory condition after dry rodding

Leakage

Materials React With or Injurious to Concrete
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5.2.7.6. CONCRETE STRUCTURES: CONTRACTOR’S QUALITY CONTROL PLAN

NOTE: This document is generally written in the imperative mood. The subject, "the Contractor" is
implied. Also implied in this language are "shall", "shall be", or similar words and phrases. The word
"will" generally pertains to decisions or actions of the Kansas Department of Transportation.

1. General. Provide equipment meeting the requirements listed below to conduct quality control testing.
Verify the testing equipment with prescribed procedures. As a minimum, meet the verification

schedule as outlined in Table 1, Concrete Structures Evaporation Test Equipment.

File all reports, records, and diaries developed during the progress of construction activities as directed by
the Engineer. Files become the property of the Department.

Provide the following test data: Air temperature, concrete temperature, relative humidity, wind velocity
and evaporation rate.

e Make copies of all test results and control charts readily available to the Engineer at the
project site.

Table 1: Concrete Structures Evaporation Test Equipment

Interval
Equipment Requirements (Range) [Accuracy] (months)
Relative Humidity Verify (10 to 90%) [+ 3%] 12
Wind Velocity Verify (2 to 90 mph) [+ 5%] 12
Thermometers Standardize (-20 to 60°C or -5 to 140°F) [+ 1°C or 2°F] 6
(Air and Concrete)

2. Quality Control Organization. Submit a listing of the names and phone numbers of individuals and
alternates responsible for quality control administration and inspection. Provide an organizational chart
that shows the specified lines of authority relating to quality control operations during production.
Provide a copy of the organizational chart at the pre-construction conference.

3. Quality Control Plan. Prepare a Quality Control Plan detailing the monitoring of evaporation rate and
actions to be taken once the evaporation rate exceeds the maximum stated within the specifications. As a
minimum, provide:

The name of the individual(s) responsible to initiate the plan

The name of the individual(s) performing the tests and frequency of tests that will be performed

Number of individuals to assist in the fogging operation

Experience of individuals with fogging bridge decks

Type of fogging equipment

Curing procedure to be used

4. Documentation. Maintain adequate records of all tests. Indicate the nature and number of
observations made. The Contractor's documentation procedures will be subject to approval of the
Engineer before the start of the work and to compliance checks during the progress of the work.

NOTE: Section 5.2.7.7., Example of a Contractor’s Concrete Structures Quality Control Plan for
Controlling Evaporation, will provide the contractor a basic outline for the Quality Control Plan.
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5.2.7.7. EXAMPLE OF A CONTRACTOR’S CONCRETE STRUCTURES QUALITY CONTROL
PLAN FOR CONTROLLING EVAPORATION

To: (DISTRICT ENGINEER)

From: (CONTRACTOR(s) NAME)

Subject: Concrete Structures Quality Control Plan for Controlling Evaporation.

1. We are submitting our Concrete Structures Quality Control Plan, developed for:

Project No.:
Contract No.:

2. Evaporation Equipment calibration/verification papers are attached.

3. Quality Control Personnel:

3.1. The quality control program is under the direction of (NAME OF PERSON) who can be contacted at
(ADDRESS AND TELEPHONE). This individual is responsible for initiating the fogging procedures to

control the evaporation rate on the bridge deck.

3.2. Testing will be the responsibility of (NAME OF PERSON(s)). Testing will be performed every
(HOURS) hours at (HOW MANY) locations across the bridge deck.

3.3. The following list are individuals (with the number of years of experience) assisting in the fogging
operation:

4. Quality Control Equipment:
4.1. Type of fogging equipment is as follows:
4.2. The curing procedure to be used is as follows:

5. (NAME) will notify all appropriate KDOT personnel at least 24 hours before the scheduled work is to
begin.
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5.2.7.8 CEMENT TREATED BASE: CONTRACTOR’S QUALITY CONTROL PLAN (CTB)

NOTE: This document is generally written in the imperative mood. The subject, "the Contractor" is
implied. Also implied in this language are "shall", "shall be", or similar words and phrases. The word
"will" generally pertains to decisions or actions of the Kansas Department of Transportation.

1. GENERAL

Provide qualified personnel and equipment meeting the requirements listed in the Department's
Construction Manual to conduct quality control testing which conforms with the Sampling and Testing
Frequency Chart for Cement Treated Base for Quality Control/Quality Assurance Projects in Appendix B
of this Manual.

Calibrate and correlate the testing equipment with prescribed procedures and conduct tests in
conformance with specified testing procedures as listed in the Department's Construction Manual. As a
minimum, meet the calibration schedule as outlined in Table 1, Cement Treated Base Materials Test
Equipment.

Maintain control charts on an ongoing basis.

File all reports, records, and diaries developed during the progress of construction activities as directed by
the Engineer. Files become the property of the Department.

Provide the following:

e Make copies of all test results and control charts readily available to the Engineer at the project
site.

o Copies of all failing test results (based on a moving average of four tests, when appropriate) and
summary sheet sent by on a daily basis to the Construction Engineer.

2. QUALITY CONTROL ORGANIZATION

Submit a listing of the names and phone numbers of individuals and alternates responsible for quality
control administration and inspection along with the proposed mix design data. Provide an organizational
chart that shows the specified lines of authority relating both to mix design and quality control operations
during production. Post a copy of the organizational chart in the Contractor's test facility.

The Contractor's quality control organization or private testing firms representing the Contractor must
include individuals who are certified by KDOT, or a State approved equivalent, for the appropriate test
methods. Only technicians certified in accordance with KDOT requirements may perform process control
testing on the project.

3. QUALITY CONTROL PLAN

Prepare a Quality Control Plan detailing the type and frequency of inspection, sampling and testing
deemed necessary to measure and control the various properties of materials and construction governed
by the Specifications. As a minimum, detail sampling location and techniques, and test frequency to be
utilized in the sampling and testing plan. The Department may utilize quality control sampling and
testing performed by the Contractor for acceptance. Submit the Quality Control Plan to the Engineer in
writing a minimum of 30 days before work begins.
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3.1. Identify the personnel responsible for the Contractor's quality control in the plan. This shall include
the company official who will act as liaison with Department personnel, as well as the Certified
Technician who will direct the inspection program. Quality control sampling, testing, and inspection
shall be an integral part of the Contractor's quality control system. In addition to the above requirements,
the Contractor's quality control system shall document the quality control requirements considered to be
normal activities necessary to control the production and placing of a given product or material at an
acceptable quality level. Retain the latest ten gradation samples for use by the Engineer. It is intended
that sampling and testing be in accordance with standard methods and procedures, and that measuring and
testing equipment be standard, properly calibrated and documented in the Quality Manual. Detail in the
Quality Control Plan any alternative sampling method, procedure and inspection equipment to be used.

3.1.1. Elements of the Plan. Include all elements that affect the quality of the CTB including, but not
limited to the following:

e Mix Designs

Aggregate Production

Quality of Components

Stockpile Management

Proportioning, including added water

Mixing and transportation, including time from batching to completion of delivery
Initial mix properties, including temperature and consistency

Placement and consolidation

Compressive strength

Finishing and curing

3.1.2. Personnel Requirements:

Detail in the Plan:

e The frequency of sampling and testing, coordination of activities, corrective actions to be taken, and
documentation.

e How the duties and responsibilities are to be accomplished and documented, and whether more than
one Certified Technician is required.

e The criteria utilized by the Technician to correct or reject unsatisfactory materials.
Certified Technicians required duties:

e Perform and utilize quality control tests and other quality control practices to assure that delivered
materials and proportioning meet the requirements of the mix designs, including temperature, slump and
strength. Be available on the project site whenever CTB is being produced for use on or being placed on
the project site.

e Periodically inspect all equipment utilized in transporting, proportioning, mixing, placing,
consolidating, finishing, and curing to assure it is operating properly and that placement, consolidation,
finishing, and curing conform to the mix design and other Contract requirements.
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4. DOCUMENTATION

Maintain records of all inspections and tests. Specify the nature and number of observations made, the
number and type of deficiencies found, the quantities approved and rejected, and the nature of corrective
action taken as appropriate in the records. The Contractor's documentation procedures will be subject to
approval of the Engineer before the start of the work and to compliance checks during the progress of the
work.

Charts and Forms.

Keep all conforming and non-conforming inspections and test results complete and available at all times
to the Engineer during the performance of the work. Provide forms on a computer-acceptable medium
where required. Document batch tickets and gradation data in accordance with Department requirements.

Chart test data for cement treated base, including gradation of combined aggregates, in-place CTB
moisture, dry density and compressive strength, in accordance with the applicable requirements.

The Contractor may use other types of control charts as deemed appropriate. It is normally expected that
testing and charting will be completed within 24 hours after testing.

All charts and records documenting the Contractor's quality control inspections and tests become property
of the Department upon completion of the work.

5. CORRECTIVE ACTION

Notify the Engineer when the moving average test result trend line for any property approaches the
specification limits. Cease operations when 2 consecutive moving average points fall outside the
specification limits, or 2 consecutive single compressive strength tests exceed the specification limits.
Ceasing operations is the Contractor’s responsibility. Quality control tests for this determination include
aggregate gradation, compliance with the mix design band and in-place density of CTB.

Failure to cease operations for the conditions cited above will subject all subsequent material to rejection
by the Engineer or acceptance at a reduced price, as determined by the Engineer.

The Engineer may examine materials represented by individual test results which lie beyond the
Contractor’s normal quality control testing variation. The investigation may be based on either Contractor
or KDOT test results. The information from additional testing (including testing of in-place CTB) may be
used to define unacceptable work according to subsection 105.5d. The Engineer will apply appropriate
price reductions or initiate corrective action as determined by the Engineer.

If a dispute exists between the Engineer and Contractor about the validity of any test results, the MRC
will perform referee testing. If 1 of the disputed KDOT test results was generated at the MRC, an
Independent Laboratory agreeable to both parties shall be selected. The Independent Laboratory shall be
approved by the AASHTO Accreditation Program for the tests being refereed. If referee testing indicates
that the KDOT test results are correct, the Contractor is responsible for the cost of additional testing,
including referee testing performed at the MRC. If the referee testing indicates that the Contractor test
results are correct, KDOT is responsible for the cost of additional testing.
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6. Non-Conforming Materials. Identify all non-conforming materials and products to prevent use,
shipment and intermingling with conforming materials and products. Provide holding areas, mutually
agreeable to the Engineer and Contractor.

The Engineer will determine if reclaiming or reworking of non-conforming materials is allowed rather
than rejection of non-conforming materials.

7. Testing Facilities. Locate the Contractor's testing facility at the plant site or at the project site. Obtain
approval of the facility by the Engineer before the commencement of mixture production. Any other
laboratory location requires approval by the District Materials Engineer. Provide suitable space and
specified testing equipment for use by the Contractor's quality control personnel to perform tests as
required.

KDOT’s Materials and Research Center is Accredited through the AASHTO Accreditation Program
(AAP). If the contractor’s QC laboratory is not participating in the AAP, then the contractor shall have an
AAP approved laboratory inspect the QC laboratory’s equipment annually. The inspection shall include
all equipment necessary to perform testing on cement treated base.

Maintain a Quality Manual showing all calibrations performed on all test equipment and when next
calibration is due for that equipment. As a minimum, follow the calibration/verification interval
established in Table 1, Cement Treated Base Materials Test Equipment.

To facilitate communication between the Contractor and the Engineer regarding quality control, equip the
Contractor's testing facility with the following:

e A telephone with a private line for the exclusive use of the testing facility's quality control personnel.
e A copying machine.

e A facsimile machine for use by contractor personnel and the Engineer.
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Table 1, Cement Treated Base Materials Test Equipment

Interval

Equipment — Test Method Requirements (months)
Mechanical Shakers — KT-2 Check Sieving Thoroughness. 12
General Purpose Balances, Scales and | Calibrate 12
Masses — AASHTO M 231
Compression Testing Machine — KT- Standardize 12
22, KT-23 & KT-76
Sieves — AASHTO M 92 Check Physical Conditions. 6
Slump Cones- KT-21 Check Critical Dimensions. 12
Unit Mass — KT-20 Standardize 12
Capping Material -KT-77 Check Strength. 3
Reusable Molds — KT-37 Calibrate 12
Nuclear Density Gauge — KT-36 & 38 | Check for Uniformity 12
Ovens Calibrate 12
Thermometers Calibrate 12

8. Testing Requirements. Take all samples for tests at random locations, selected as specified in the
Contractors quality control plan and at the rates specified in the Sampling and Testing Frequency Chart
for Portland Cement Concrete Pavement for Quality Control/Quality Assurance Projects in Appendix B
of Part V of this manual. Record and document all test results and calculations on data sheets that are
acceptable to the Engineer. Record specific test results on a daily summary sheet approved by the
Engineer to facilitate the computation of moving test averages. Base moving averages on 4 consecutive
test results. Include a description of quality control actions taken (adjustment of aggregate or additive
proportions in the mix, moisture adjustments, etc.) in the Daily Quality Control Summary Sheet. Post
quality control charts and keep them current, showing both individual test results and moving average
values. As a minimum, plot the single test values and the 4 test moving average values on approved
control charts for the following properties:

e In-place moisture.

e Dry Density.

e Compressive strength including separate graph for PWL.

e QGradation of combined aggregates.

Plot individual test results in black for each test point. Connect points with a solid black line. Plot the
moving average for each test variable in red starting with the fourth test. Connect the points with a
dashed red line. Plot the Department's verification test results with green asterisks. Do not include the
Department's verification tests in the moving average.

Indicate specification working range limits for single test results on the control charts using a dotted green
line and for four point moving average results with a solid green line.

NOTE: Section 5.2.7.9 of this manual, Example of a Laboratories Quality Manual for Cement Treated
Base, will provide examples of equipment procedures to verify that equipment is in proper condition.
Also, examples of  records for  calibrating/verifying  equipment are  presented.
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5.2.7.8.1. EXAMPLE OF A LABORATORY QUALITY MANUAL FOR CEMENT TREATED
BASE

This example is designed to provide the contractor with general guidelines in creating and maintaining a
contractor’s Quality Manual. The QC process requires records for equipment calibrations/verifications.
Maintaining records in an orderly manner will assist the District Materials Engineer in quickly
determining if the laboratory meets QC/QA requirements. Having the field laboratory fully prepared and
the Quality Manual properly maintained represent two items that can keep the start of a project on
schedule. It also aids in demonstrating the contractor’s commitment to the QC process.

The following records are presented to illustrate what is required in the Quality Manual. Records need
not be exactly as illustrated but should supply all necessary information concerning the equipment
calibration/verification.

NOTE: After calibrating any force-load testing equipment (compression machine) a copy of the
certification for the calibration device (proving ring, load cell, etc.) shall be attached to the calibration
record.

NOTE: All equipment shall be verified immediately after repairs that may in any way affect the ability of
the equipment to provide accurate readings as established during the calibration/verification process.
Repairs may include new or replacement parts or mechanical or electrical adjustments, among other
items.

DISCLAIMER: It is not the intent of these guidelines to endorse manufacturers, suppliers, calibrating
services, etc. The examples are used to provide guidance in establishing a thoroughly developed Quality
Manual.
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LABORATORY QUALITY MANUAL
TABLE OF CALIBRATION/VERIFICATION DATES

Revision Date 2018

Equipment — Test Method

Calibration/Verification
Intervals (months)

Next Due Date

Mechanical Shakers — KT-02

General Purpose Balances, Scales and Masses
— AASHTO M 231

Compression Testing Machine — KT-22, KT-
23 & KT-76

Sieves — AASHTO M 92

Slump Cones- KT-21

Unit Mass — KT-20

Capping Material — KT-77

Reusable Molds — KT-37

Nuclear Density Gauge — KT-41

Ovens

Thermometers
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November 20, 2017

VERIFICATION PROCEDURE FOR MECHANICAL SIEVE SHAKER
(Page 1/2)

Purpose: This method provides instructions for checking the length of time the mechanical
sieving device must run to meet the tolerances as specified in KT-02 3.3.

Inspection Equipment Required:

1. Set of 8" dia. sieves (3/8, 4, 8, 16, 30, 50, 100, 200)
2. Timer

3. Balance, readable to 0.1 g.

4. Sample of fine aggregate.

Tolerance:
Shaker shall meet the tolerances specified in KT-02 3.3.
Procedure:

1. Place sample of aggregate in nested sieves.

2. Place sieves in shaker & set timer for 4 minutes.

3. Check sieving adequacy as described in KT-02 6.3.

4. If 4-minute setting doesn't meet specification increase time by 30 seconds intervals until
specification is met.
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November 20, 2017

VERIFICATION RECORD FOR MECHANICAL SHAKER
(Page 2/2)

Verified By: Date:

Equipment: Mechanical Shaker Verif. Frequency:

Previous Verif. Date: Next Due Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

1 Weight of Sample in grams.

2 Weight of material, in grams, passing sieve after one minute of hand
shaking as described in KT 2.

3 Percent of material passed.
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CALIBRATION OF BALANCES
Page 1/3
March 30, 1995

ABC PACKERS INC.
SCOPE OF WORK FOR LABORATORY BALANCES:

Definitions are on next page.

1. The weighing environment is checked for anything that would effect the ability of the balance
to weigh accurately for example: direct air currents, direct sunlight, objects stuck under the
balance or magnets in close proximity to the balance.

2. The balance is checked for errors in zero, sensitivity, calibration, comer load, linearity,
repeatability and tare accuracy. Any errors are noted.

3. The balance is thoroughly cleaned and disassembled. Parts subject to wear or damage are
inspected. On mechanical balances, this includes but is not limited to knife edges, arrestment
mechanism, switches, pan brake assemblies and weight lifting assemblies. On electronic
balances, the measuring cell and flextures are inspected. Circuit boards and switches are
inspected for contamination and corrosion.

4. Any errors noted in step two are corrected through adjustments or replacement of minor parts.
If the balance cannot be returned to factory specifications through this method, the using
personnel are consulted as to the need for further repairs.

5. The balance is reassembled and final checks are made as in step two. Final calibration
adjustments are made.

6. Applicable GLP log books are annotated.

A. All tests are performed with Class 1 stainless steel weights traceable to the NIST and are
calibrated at least annually.

B. A certificate of weight traceability to the NIST is provided to each functional area. This
certificate lists all the balances serviced in that area and the serial number of the weights used,
their calibration date, the NIST trace number and the technician calibration number.
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Page 2/3
DEFINITIONS:

Balance = Weighing device, generally with a resolution of 1 part in 12,000 or greater. Top
loading balances will have a resolution of up to 1 part in 1,200,000 and sensitivity down to 1
milligram i.e. 1200.000 gram +/- .001 gram. Analytical balances will have a resolution of up to
1 part in 4,100,000 and sensitivity down to .0 1 milligram i.e. 41.00000 gram +/- .00001 gram.
Micro-balances will have a resolution of up to 1 part in 200,000,000 sensitivity down to
.0000001 gram.

Calibration = The accuracy of the balance, usually at full capacity, as compared to known
standards.

Class 1 = A published standard for weights from the NIST. The standard dictates the materials,
configuration and tolerance of the weights.

Corner loads = The deviation of the indicated weight between the center of the pan and the front,
rear, left and right of the pan. This test is performed at 2/3 of maximum capacity.

Electronic Balance = A balance deriving it's indicated weight from a force restoration coil
measuring cell or high resolution load cell.

Factory specifications = The balance manufacturers specifications for all adjustments, usually
+/- 1 final count (least significant digit).

Flexture = Parts of the measuring cell. The accuracy of all adjustments is dependent on the
condition of these parts.

GLP = Acronym. Stands for Good Laboratory Practices. Laboratories under this standard must
establish a plan for weighing accuracy control.

Knife edges = The pivot points of the balance beam in mechanical balances.

Mechanical Balance = A high resolution balance deriving it's indicated readout from the
mechanical movement of a balance beam and a system of built in standard comparison weights.

NIST = Acronym. Stands for the National Institute for Standards and Technology. This is the
new name for the National Bureau of Standards (NBS).

Pan brake = Part of a mechanical analytical balance used to stop pan swing when the balance is
arrested.

Page 6/24 5.2.7.8.1. 2018
Revised 2018



Page 3/3
DEFINITIONS, CONTINUED

Repeatability = Test performed on all balances to determine if it indicates the same weight and
returns to zero every time a weight is applied to and removed from the pan. This test is normally
performed with a weight that is near the normal usage of the balance if known or near the mid-
range of the balance. The weight is placed on the balance a minimum of three times to get a plus
or minus reading.

Sensitivity = On mechanical balances this test determines the accuracy of the beam travel or
optical range of the balance. On electronic balances this is the lightest weight that the balance
will accurately respond to.

Tare accuracy = This test is used on mechanical balances to determine if the balance reads the
same with or without the tare.
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November 20, 2017

REPORT FORM FOR COMPRESSION MACHINE

(Page 1/2)

Calibration performed according to ASTM E 4 (latest publication).
- Must provide Load Cell readings, Compression Machine readings and

percent error for each force reading.

CONTRACTOR:

LOCATION:

DATE:

CALIBRATION SERVICE NAME:

CALIBRATOR:

NEXT LOAD CELL/RING CALIBRATION DATE:

LOWER RANGE OF DEVICE (CLASS A VALUE):

UPPER RANGE OF DEVICE:

TEMPERATURE CORRECTION FACTOR USED:

TESTING MACHINE MANUFACTURER:

TESTING MACHINE SERIAL NUMBER:

CALIBRATION WITNESS:

CHECK PLANE OF BEARING BLOCKS?:_Y/N

CLEAN/LUBRICATE UPPER BEARING BLOCK?:_Y/N

CALBIRATOR SIGNATURE:

COMMENTS:
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EXAMPLE FOR VERIFICATION RECORD OF TESTING MACHINE
(Page 2/2)
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VERIFICATION PROCEDURE FOR SIEVES
(Page 1/2)
Purpose:

This method provides instructions for checking the physical condition of laboratory tests sieves
ranging in size 3 in. (75 mm) to #200 (0.075 mm).

Inspection Equipment Required:

1. A caliper readable to 0.01 mm (use for #4 or coarser).

Tolerances:

Sieves shall meet physical requirements specified in AASHTO M 92 (ASTM E11).
Procedure:

(Steps 1 & 2 apply to sieves having openings greater than 4.75 mm)

1. Select an adequate number of individual sieve openings (3 or 4) along a 45° line. Measure and
record the sieve openings to verify that the size opening indicated on the label is correct.

2. Repeat step 1, rotating the sieve 90

3. Inspection the general condition of the sieve. Check the frame and solder joints for cracks or
holes (check for pinholes in the finer sieves).

4. Make sure the sieves have an appropriate label.

5. Check for tightness of the wires on each individual sieve.
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VERIFICATION RECORD FOR SIEVES

(Page 2/2)

Verified By:

Date:

Equipment: Sieves

Previous Verif. Date:

Verification Equipment Used:

Verif. Frequency:

Next Due Date:

Verif. Equipment Identification:

Verif. Procedure Used:

Opening Size in mm Opening Size in mm Suggested
B .
i :‘5 %‘J Step 1 Step 2 Action
Sieve ID e :g S E
] E 22| 1 2 3 4 1 2 3 4 R - Replace
Q0| = | B N - None
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VERIFICATION PROCEDURE FOR SLUMP
(Page 1/2)
Purpose:
This method provides instructions for checking the critical dimensions of the slump cone.

Inspection Equipment Required:

1. Calipers or ruler readable to 0.01 in.

2. Straightedge or ruler.

3. Digital micrometer.

4. Gauge for measuring hemispherical end of tamping rod.
Tolerance:

Equipment shall meet the dimensional tolerances specified in the test method.
Procedure:
(CONE)

1. Measure the inside diameter at the top of the cone to the nearest 0.01 in. by taking two readings 90°
apart using the calipers and record the results.

2. Invert the cone and repeat the procedure.

3. Place the cone on a flat surface. Measure and record the depth of the cone by using the calipers and a
straightedge and record the results.

4. Measure the thickness of the cone to the nearest 0.001 in. by taking 2 readings 90° apart at the bottom
of the cone & record the results.

(TAMPER)

1. Measure the diameter of the tamping rod to the nearest millimeter by taking two readings 90° apart
using the micrometer and record the results. Measure the length of the rod to the nearest 0.1 in. and
record the results.

2. Measure the hemispherical end of the rod and record the results.
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VERIFICATION RECORD FOR SLUMP

(Page 2/2)
Verified By: Date:
Equipment: Slump Cone and Tamping Rod Verif. Frequency:
Previous Verif. Date: Next Due Date:
Verification Equipment Used:
Verif. Equipment Identification:
Verif. Procedure Used:
Cone Specification

Top inside diameter, inches 1) 4” +/-1/8”

2)
Bottom inside diameter, inches 1) 8”7 +/-1/8”

2)
Depth of Cone , inches 1) 127 +/- 1/8”
Wall thickness, inches 1) Not less than

0.045”
2)
Tamping Rod

Diameter, inches 1) 5/8”

2)
Length, inches Approx. 24”
Hemispherical end Yes /no
Action recommended
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VERIFICATION PROCEDURE FOR UNIT MASS
(Page 1/2)
Purpose:

This method provides instructions for calibrating measures used in obtaining unit mass.
Inspection Equipment Required:

1. Balance conforming to Part V 5.9. Sampling and Test Methods Forward
2.0.01 in (0.25 mm) feeler gauge.

3. 1/4 in (6 mm) thick glass plate at least 1 in (25 mm) larger than the measure.
4. Water pump or chassis grease.

5. Thermometer.

Tolerance:
The bowls and measures shall conform to the dimensions found in KT-20.
Procedure:

1. Place glass plate on rim and attempt to insert feeler gauge.

2. Fill measure with room temperature water and cover in such a way as to dispel air bubbles and excess
water.

3. Determine the mass of water in the measure.

4. Determine the temperature of the water, and obtain its density from KT-15.

5. Calculate the volume, V, of the measure by dividing the mass of the water required to fill the measure
by its density.

6. Calculate the factor for the measure (1/V) by dividing the density of the water by the mass required to
fill the measure.
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VERIFICATION RECORD FOR UNIT MASS

Verified By:

(Page 2/2)

Date:

Equipment: Measure for Unit Mass

Verif. Frequency:

Previous Verif. Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

Next Due Date:

Glass 6 mm thick and 25 mm larger
than measure

Rim plane to 0.25 mm

Temperature of water taken

Density obtained KT 20

Volume and measure factor determined

Action recommended

Specification

Yes / no

Yes / no

Yes / no

Yes / no

Yes / no
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Purpose:

(Page 1/3)

To ensure that capping material meets Quality requirements.

Inspection Equipment Required:

1. Testing Machine
2. Melting Pot capable of holding a temperature between 265 to 290°F (129 to 143°C)

3. Three 2-inch (50 mm) cube molds
4. Ladle or other suitable pouring device
5..002 feeler gauge and bar

6. Mineral oil
7. Straight bar

Tolerance:

VERIFICATION PROCEDURE FOR CAPPING MATERIAL

All capping material shall conform to the following strength and thickness requirements:

Cylinder Minimal Strength of Capping Material Maximum Maximum

Compressive Average Thickness

Strength psi (MPa) Thickness of | Any Part of
Cap the Cap

500 to 7000 psi| 5000 psi (35 MPa) or cylinder strength, | 1/4 inch 5/16 inch

(3.5 to 50 MPa) whichever is greater (6 mm) (8 mm)

Greater than 7000 | Compressive strength not less than cylinder | 1/8 inch 3/16 inch

psi (50 MPa) strength (3 mm) (5 mm)
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VERIFICATION PROCEDURE FOR CAPPING MATERIAL
(Page 2/3)

Procedure:

1. Melt sufficient capping material in melting pot until it reaches between 265 to 290°F (129 to 143°C).

2. Bring the mold parts to 68 to 86°F (20 to 30°C).

3. Coat all surfaces of cube molds with mineral oil.

4. After stirring thoroughly, use Ladle to begin casting the cubes. Quickly fill all three molds until the
molten material reaches the top of the filling hole.

5. Allow time for maximum shrinkage to occur due to cooling and solidification to occur (approximately
15 minutes) and refill each mold with molten material.

6. After solidification occurs remove the cubes from the molds without breaking off the knob.

7. Remove oil, sharp edges, and fins from cubes.

8. Allow cubes to harden for a minimum of two hours before breaking.

9. Test the cubes in the compression machine and calculate the compressive strength.
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VERIFICATION RECORD FOR CAPPING MATERIAL

(Page 3/3)
Verified By: Date:
Equipment: Capping Material Verif. Frequency:
Previous Verif. Date: Next Due Date:

Verification Equipment Used:

Verif. Equipment Identification:

Verif. Procedure Used:

Compressive Strength at 2 hours (average of three), PSI

Material Meets specification requirements as outlined in Page 1/3.
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VERIFICATION PROCEDURE FOR REUSABLE MOLDS
(Page 1/2)

Purpose:
This method provides instructions for checking all types of reusable molds.
Inspection Equipment Required:

1. Cup grease or Vaseline

2. Two glass plates great than 6 inches square
3. Water

4. Triangle for checking right angels

Tolerance:
Molds shall meet the dimensional requirements of KT-37 for cylinder molds.
Procedure:

1. Coat one end of the mold without the collar with cup grease or Vaseline to form a seal and
then placing it on a glass plate which s