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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.
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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
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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

2018

Revised 2014



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

Page 9/26 5.2.1 2018

Revised 2014



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:
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>(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
Page 17/26 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
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
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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
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
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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

2.70
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
