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Course Format
» Topics
— Basic Statistics (Section 5.2.1)
— Quality Level Analysis (Section 5.2.1)

— Statistical Comparison of Quality Control and
Verification Tests (Section 5.2.6)

» Test
— Open Book; Open Note
— Multiple Choice Test
—70% Required to Pass

Kansas

Department of Transportation

Need Help? Ask Questions Any Time

» Discussion Board
— Leave questions on the discussion board
— View other questions and responses

» Response Time
— Within 48 hours (hopefully much sooner)

Kansas
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BASIC STATISTICS

KDOT Construction Manual
Section 5.2.1
Pages 3-6

Kansas

Department of Transportation

Basic Statistics
Objectives

» Calculate basic statistical measures
* Perform basic statistical calculations on calculator
* Name methods to generate random numbers
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« Statistics

Basic Statistics
Definition of Statistics

» science of interpreting numerical data that has been
collected systematically, summarized, and tabulated

* By knowing what has happened or the way things are

helps in

* making decisions;
* making predictions; and
* Taking steps to improve processes

Kansas
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Basic Statistics
Measures and Procedures

Central value measures

* Average or Mean (5.1)
* 4-Point Moving Average (5.2)

Variability measures

* Range (5.3)

» Standard Deviation (5.4)
« Sample Variance (5.6)

Kansas
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Basic Statistics
Common Terms

« Data Set - a group of data (numbers)

» Numbers usually represented as variable (x;)
— X, - represents first number in data set,

— X, - represents second number in data set, etc...

» Total number of variables represented as n

Kansas

Department of Transportation

Basic Statistics
Random Number

« Random number (5.2.2.2)

» A number selected entirely by chance as from a table of
random numbers.

— Note: Other methods of generating random numbers,
such as with scientific calculators and spreadsheets must
be approved by the District Construction/Materials
Engineer.

Kansas
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Basic Statistics
Random Sampling

« Sample (5.2.2.2)

» A small part of a lot or a sublot which represents the whole.

« Random Sample
» Use the random number to determine where to take your
sample.
« Random sampling helps eliminate bias and ensures
reliability of our data.

Kansas
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Basic Statistics
Measures and Variability

Central value measures
* Average or Mean (5.1)
* 4-Point Moving Average (5.2)

Variability measures
* Range (5.3)

» Standard Deviation (5.4)
» Sample Variance (5.6)

Kansas
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Basic Statistics
5.1. Average or Mean (x)
Seat Location

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30

Kansas
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Basic Statistics
5.1. Average or Mean (x)

. Random Location Height
Seat Location (1-30

X, 29
X, 24
X, 20
X, 11
X, 21
X, 12

Kansas
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5.1. Average or Mean (x)

Basic Statistics

Seat Location

1 2 3 4 5 6 7 8 9 10
@ @ 13 14 15 16 17 8 19
@ 2 23 @ 25 26 27 28 @ 30
Kansas
15
Basic Statistics
5.1. Average or Mean (x)
Seat Location
1 2 3 4 5 6 7 8 9 10
68 73 70
@ @ 13 14 15 16 17 18 19
72 73 70
@ 2 23 @ 25 26 27 28 @ 30
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Basic Statistics
5.1. Average or Mean (X)

. Random Location Height
Seat Location (1-30

X, 29 70
X, 24 73
X, 20 70
X, 11 68
X, 21 72
X, 12 73
17
Basic Statistics
5.1. Average or Mean (X)
in n==o6
X, 70
X, 73
X, 70
X, 68
X, 72
X, 73
Kansas
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X1+ xX+...+x,

Basic Statistics

5.1. Average or Mean (X)

« The total sum of all variables ( X; ) divided by the
number of variables (1)

in

X =

n n

Kansas
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m

X, 70
73
70
68
72

73
426

[\o}

w

SR s
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=i

X

Basic Statistics

5.1. Average or Mean (X)

X1 +.7C2 +x3 +x4_+x5 +x6

n
_ 70 +73 +70 +68 +72 +73
6
=220 _1in
6
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Basic Statistics
Measures and Procedures
4-Point Moving Average

Central value measures
* Average or Mean (5.1)
* 4-Point Moving Average (5.2)

Variability measures
* Range (5.3)

» Standard Deviation (5.4)
» Sample Variance (5.6)

Kansas
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Basic Statistics
5.2. Moving Average ( Xmmq)

» Average computed based on a fixed set of continuous
data points

* The 4-point moving average will be:

xi+x(—1)+x({—2)+x({—3)
Xma; = 4

Kansas
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Data Point m:
xmai o
X, 70

2

w

(9]

5 MM M XX

73
70
68

72
73

Basic Statistics
5.2. Moving Average (Xmq)

xma4_

xma4 T

xma4_ =

o xi+x(@ -1 +x(—-2)+x({—3)
4
_x4+x3+x2+x1

4

68 +70 +73 +70

4
= &2 70.25 1n.
4

[l(ansasl
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Data Point He.lght
in Xma; =

X,

X
X
X4
X
X
n

2

w

W

N

70
73
70
68

72
73

Basic Statistics
5.2. Moving Average (Xma)

xmas T

xma5 =

xma5 ~

xi+x(-1)+x(@—2)+x(0 —3)
4
Xt x, a3+

4

_ 72 +68+70 +73

4
2
L iy =70.75 1in.
4
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Data Point Heill;ght

Basic Statistics
5.2. Moving Average (¥ma)

o xi+x(@ -1 +x(—-2)+x({—3)

xmai i 4
X 70
1 . _X6+X5+X4+X3
X, 73 mas 4
X, 70 73 +72 +68 +70
Xmag =
6
X, 68 4
X, 72 283 .
Xmag = —— = 70.75 1n.
« 270 B K
- ansas
n= 6 Department of Transportation
25
Asphalt Content
5.60
5.55
5.52
5.50 f
€ 545 \\ 5-45/ 5.44
2 541 E \\ o« *
3 538 E
4 545 é 240 5-41\/ —=—Individual
5 552 2 558 -e-4-PtMA
Sum 2176 2 935
n 4
4ptMAs - 5.44 5.30
5.25
5.20
0 2 4 6 8 10 12 14 16 18

Test Number
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Basic Statistics
Measures and Procedures
Range

Central value measures
» Average or Mean (5.1)
* 4-Point Moving Average (5.2)

Variability measures
* Range (5.3)

» Standard Deviation (5.4)
» Sample Variance (5.6)

Kansas
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Basic Statistics
5.3. Range (R)

» The difference between the largest and the smallest
values in a data set.

» A simple measure of variability.

Kansas
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Basic Statistics
5.3. Range (R)

| R - Range |
| |
® ®
® ® o O
A

68 69 70 71 72 73

Kansas
29
Basic Statistics
5.3. Range (R)

> 70 R=173-68
X, 73 Max
X, 70 R = 51n.
X, 68 Min
X, 72
X, 73 Max

30




Basic Statistics
Measures and Procedures
Standard Deviation

Central value measures
» Average or Mean (5.1)
* 4-Point Moving Average (5.2)

Variability measures
* Range (5.3)

» Standard Deviation (5.4)
» Sample Variance (5.6)

Kansas

Department of Transportation
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Basic Statistics

»

5.4. Standard Deviation ()

* Measure of the variation about the average of the data set
* Provides a better measure of variability than range

» 2 types of Standard Deviation depending on sample size
» Sample Standard Deviation (30 samples or less)

Kansas

Department of Transportation
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Basic Statistics
5.4. Sample Standard Deviation ()

* The root mean square of the deviation from the mean.

» Typically used when the sample size is 30 or less.

8 (x; = )2
i n—1

[l(ansasl

rtment of Transportation
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Basic Statistics
5.4. Standard Deviation (S)

| P 2
‘ ¥ 1

|
®
o L
68 69 70 71 72 73
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Basic Statistics
5.4. Standard Deviation ( s)

Data |HeightMean | |

. — )2
S« x () (aP s= D
X, 70 71 -1 1
X, 73 71 2 BE
X, 70 71 - Sl
X4

X, 72 71 1
) 73 71
n==6 >= 20

4
1
68 71 -3 9
1
4

20
S = ? =\/Z = 2in.

Jm(ansas
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Basic Statistics
Measures and Procedures
Sample Variance

Central value measures
» Average or Mean (5.1)
* 4-Point Moving Average (5.2)

Variability measures
* Range (5.3)

» Standard Deviation (5.4)
» Sample Variance (5.6)

Jgansas

rtment of Transportation




Basic Statistics
5.6. Variance (s?2)

* The square of the sample standard deviation

s=2in.

s2=22=4in2

Kansas
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Part V
Section 5.2.1. Examples

5. INTRODUCTORY STATISTICAL TERMS

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

—_ XtXttX, zx,
x= = i)

n n

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

54+58+6.2+54+54+6.0 342
6 6

5.7

xX=

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%.

6.6+6.2+55+7.8+6.9+6.6 39.6
6 6

6.6

xX=

Kansas

Depariment of Transportation
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Part V
Section 5.2.1. Examples

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

Asphalt content (%)

5.4
5.8
6.2
5.4
5.4
6.0

4-point moving average
- 54+4+58+62+54=228+4=05.7
) 58+62+54+54=228+4=57
6.2+54+54+60=230+-4=58

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

Air content (%)

6.6
6.2
5.5
7.8
6.9
6.6

4-point moving average
6.6+62+55+78=261+4=6.5

- 6.2+55+78+69=264+4=06.6
55+78+69+66=268=+4=06.7

Kansas

Depariment of Transportation
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Part V
Section 5.2.1. Examples

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:

ACES
Va1

where, n is the sample size.

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

Xi X Xi-X
54 57 0.3
5.8 5.7 0.1
6.2 5.7 0.5
5.4 5.7 -0.3
5.4 5.7 -0.3
6.0 5.7 0.3
n=6
S(y-%°  [062
s= = |=2£=035
n—1 6—1

X,;: 5.4-57= -0.3" =0.09
2
® X;: 58-57= 0.1 =0.01
2
X;: 62-57= 05 =025
X, 54-57= -03" =0.09
e X;: 5.4-57= -03"=0.09
2
001 X: 6.0-57= 03" =0.09
000 0.62
0.09 0.62 0.62
0o s=\ -1 °7 5
X =0.62

Kansas

Depariment of Transportation
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Part V
Section 5.2.1. Examples

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

X;: 6.6-6.6= 0.0°=0.00
2
X 62-6.6=-04 =0.16

Xi X Xi-X (xi»;()2
2
62 ¥ 04 016 X;: 55-6.6=-11 =121
78 66 12 L4 X;: 78-66= 12° =144
6.9 6.6 0.3 0.09 2
6.6 6.6 0.0 0.00 X: 69-6.6= 03 =0.09
- 7 o X: 66-66= 0.0 =0.00
- 2.90
_ 12x—=) 290 _ 76 2.90 2.90
- - i i . -
n-1 61 S=\ 6-1 5
.| 058 =0.76
Page 5/26 5.2.1 s V o Kansas
Revised 2022 Department of Transportation
41
Basic Statistics
Calculator Usage
» Refer to Owners Manual
* Use YouTube
« Search for calculator model + “statistics”
» Examples:
* TI-30XA - press [2nd] then [DATA]
* TI-84 — press [MODE] then scroll to Stat Diagnostics and
select “On”
» Canon LS-82Z — Press [SHIFT] then [RCL]
» Casio fx-260 - Press [MODE] then [.]
» Sharp EL-W516X — Press [MODE] then [1] then [0] Kansas

Department of Transportation
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Basic Statistics
Calculator Usage

* Entering Data Points
» Enter the number and press [DATA]
» Continue for your entire data set.

* Number of entries in your Dataset
O i

* Mean or Average
* X

+ Sample Standard Deviation
* SOro,.

Kansas

Department of Transportation
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Basic Statistics
Calculator Usage

» Casio fx-260

CASIO fx-26050LAR

Kansas

Department of Transportation
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Basic Statistics
Objectives

» Calculate basic statistical measures
* Perform basic statistical calculations on calculator
* Name methods to generate random numbers

Kansas

Department of Transportation
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NORMAL DISTRIBUTION CURVE

KDOT Construction Manual
Section 5.2.1
Pages 7-10

Jm(ansas

rtment of Transportation

Normal Distribution Curve
Objectives

» List at least 4 characteristics of normal distribution
curves

* Describe how normal distribution curves relate to
process control

» Describe how normal distribution curves serve as a
basis for statistical control charts

Department of Transportation

f Transp




Normal Distribution Curve
What is a Distribution?

A listing or function showing all the possible values of
the data set and how often they occur

* When organized, they’re often ordered from smallest
to largest, broken into reasonable sized groups and
then put into graphs or charts to examine the shape,
center and amount of variability in the data

Kansas

Department of Transportation

Normal Distribution Curve
What is a Distribution?

Project Air Voids

Frequency
o w

w

1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-4.5 4.5-5.0

Kansas

Air Voids repartment of Transportation




Normal Distribution Curve
Characteristics
» A typical “bell-shaped” symmetrical curve which

usually describes the distribution of engineering
measurements

* The average or mean is the curve center

* The standard deviation determines the curve shape

Kansas

Department of Transportation

Normal Distribution Curve
What is a Distribution?

Project Air Voids

o]

~

/

Frequency
N W O

[y

o

1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-4.5 4.5-5.0

Kansas

Air Voids Jepartment of Transportation




Normal Distribution Curve
Characteristics

Normal Distribution

N
[4)]

a-Good precision

20 \, or uniformity (s=0.5)
LC>; 15 b-Poor precision / ‘
o or uniformity (s=1.0) /
3 /
D 10
L

-3s, -3s, X +3s, +3s,

Kansas
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Normal Distribution Curve
Characteristics

- 68.26% of data falls within £ 1 standard deviation of

the average

- 95.44% of data falls within £ 2 standard deviations of

the average

- 99.74% of data falls within £ 3 standard deviations of

the average

Kansas

Department of Transportation




Normal Distribution Curve
Characteristics

[l 1 I ]
/ L 99.74% | !\

63 65 67 69 71 73 75 77 79
-3s -2s -1s X +1s +2s +3s

Kansas
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Normal Distribution Curve

Different Distributions can Share the Same Mean

Kansas

Depariment of Transportation
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LSL-Lower Spec Limit

\

Normal Distribution Curve
Used for Process Control

Mean too low
for amount of scatter

\

USL-Upper Spec Limit

Mean ok
scatter too large

Kansas

Department of Transportation
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Normal Distribution Curve
Used for Statistical Control Charts

 Normal distribution curves can serve as the basis for
statistical control charts

» The upper specification limit (USL) and lower
specification limit (LSL) can be based on multiples of
standard deviation

Kansas

Department of Transportation
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Normal Distribution Curve
Used for Statistical Control Charts

| +3 Upper action limit
| +2 Upper warning limit

Average

| -1
| -2 Lower warning limit
-3 Lower action limit
23 56 )
es

Kansas

Department of Transportation
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Normal Distribution Curve
Objectives
» List at least 4 characteristics of normal distribution
curves

* Describe how normal distribution curves relate to
process control

» Describe how normal distribution curves serve as a
basis for statistical control charts

Kansas

Department of Transportation
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QUALITY LEVEL ANALYSIS

KDOT Construction Manual
Section 5.2.1
Pages 12-26

Department of Transportation

Quality Level Analysis
Objectives

Define Quality Level Analysis

State and calculate upper and lower quality index
formulas

Use a table to find Percent Within Limits (PWL)
Select and apply proper analyses

Department of Transportation




Quality Level Analysis

Definitions

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.

Kansas

Department of Transportation

Quality Level Analysis

Definitions

* Percent Within Limits (PWL) — A quality measure
that estimates the percentage of material or product
that is within specified tolerance limits for a given
quality characteristic using the sample mean and the
sample standard deviation.

Department of Transportation
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Quality Level Analysis

Concept of Percent Defective

Page 13 (5.2.1)

SINGLE-1 IMIT SP T1
DISTRIBUTION OF CHARACTERISTIC OF INTEREST

percent

eifivie
Percenz Brriirs
defective

Q
Lower Bz
DOUBILEALIMIT SPECIFICATION
D:s:mauncmwmcxanlsncwmlsassl

percenz

prercerzt
”M

P P Kansas

Department of Transportation

Quality Level Analysis

Concept of Percent Defective

Single Limit Specification

Percent Within Limits
Percent Defective

N

Q Kansas

Lower Limit Bepariment of Transportation




Quality Level Analysis

Concept of Percent Defective

Double Limit Specification

Percent Within Limits
Percent Defective

&'/1,

N

Lower Limit Upper Limit

Kansas

Department of Transportation

Quality Level Analysis
Upper Quality Index
« Upper Quality Index (Q,, ) - subtract the average

from the upper specification limit and divide by the
sample standard deviation

(USL — X)
L T

Department of Transportation

f Transp




Quality Level Analysis
Lower Quality Index

« Lower Quality Index ( Q. ) - subtract the lower
specification limit from the average and divide by the
sample standard deviation

» Same as Quality Index ( Q) for single limit specifications with
lower-limit

(X — LSL)
T | —

Kansas

Department of Transportation

Quality Level Analysis
Percent Within Limits

« Percent Within Limits (PWL) is determined from
Table 2 (Pages 18-26) after the Quality Index(es) have
been computed

» If Quality Index is greater than 3.76, then PWL=100%

» If Quality Index is a negative number, the Percent Within
Limits is equal to:

100% - (PWL from Table 2)

Kansas

Department of Transportation




Quality Level Analysis
Percent Within Limits

Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure
Standard Deviation Method
Quality
Q - 1.00 Index Percent Within Limits for Selected Sample Sizes
QuorQu| N=3 N=4 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100
n = 5 090, 78.45 8000 8062 8093 81.10 8121 8128 8133 8146 8150 8154 81.57 81.58
091 7889 8033 8093 81.22 8139 8149 8156 8161 8173 81L77 8181 8183 8185
092 7934 8067 8123 81.51 8167 8177 81.84 81.89 8200 8204 8208 8210 8211
PWL = 83.64% 093] 79.81 81.00 8154 8181 8196 8205 8212 8216 8227 8231 8234 8236 8237
094 80.27 81.33 B8I84 8210 8224 8233 8239 8244 B254 8257 8260 8262 82.63
095 80.75 B81.67 8414 8239 8252 8261 8267 8271 8280 8284 8286 8288 8289
096 81.25 8200 82445 8267 8280 8288 8294 8297 8306 8310 8312 83.13 83.14
097 81.75 8233 8375 8296 83.08 83.15 8321 8324 8332 8335 8337 8339 83.39
098] 8226 8267 8304 8324 8335 8343 8347 B350 B358 8361 8363 8364 8364
099 8279 8300 B8%34 8352 8363 8369 8374 8377 8384 B386 8388 8388 B83.89
@ - = 83.64] 8380 8390 8396 8400 8403 8409 8411 8412 8413 84.13
101 8389 8367 8393 8408 B84.17 8422 8426 8428 8434 8436 8437 8437 8438
1.02| 8447 8400 8422 8436 8444 8449 8452 8454 B459 8460 8461 8462 84.62
1.03] 8507 8433 8452 8463 8470 8475 8477 8479 B483 8485 8485 8485 84.85
Kansas
Department of Transportation
11
Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method
Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQu| N=3 Q_ED N=5 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100
1.35| 100.00 9%.00 9298 9237 9208 9190 9178 9170 9148 9139 9131 9124 9119
1.36] 100.00 9$.33 9321 9258 9227 9209 9196 91.88 9165 9156 9147 9140 91.35
1.37| 100.00 9%.67 9344 9278 9246 9227 9214 9205 91.82 9172 9163 9156 9151
1.38] 100.00 96.00 9367 9298 9265 9245 9232 9223 9199 9188 9179 9172 91.67|
1.39] 100.00 9¢.33 9390 93.18 9283 9263 9249 9240 92.15 9204 9195 9188 09182
1.40| 100.00 96.67 94.12 9337 9302 9281 9267 9256 9231 9220 9210 9203 9198
1.41] 100.00 9700 9434 9357 9320 9298 9283 9273 9247 9236 9226 9218 92.13
1.42] 10000 97.33 9456 93.76 9338 93.15 9300 9290 9263 9251 9241 9233 92.27|
1.43] 10000 9y.67 9477 9395 9355 9332 93.17 9306 9278 9266 9256 9248 9242
1.44] 10000 9300 9498 94.13 9373 9349 9333 9322 9293 9281 9270 9262 92.56
1.45| 10000 9§33 9519 9432 9390 9365 9349 9337 9308 9296 9285 9276 92.70|
1.46] 100.00 9867 9540 9450 9407 9381 9365 9353 9323 93.10 9299 9290 92.84
1.47| 100.00 99.00 9561 9467 9423 9397 9380 9368 93.37 9325 9313 93.04 9298
1.48] 100.00 9933 9581 9485 9440 9413 9396 9383 9352 9339 9327 9318 93.12
1.49] 100,00 99.67 9601 9502 9456 9429 9411 9398 9366 9352 9340 9331 93.25
96.20 95.19 9472 9444 9426 94.13 9380 9366 9354 9345 93.38
96.39 9536 94.87 9459 9440 9427 9394 9380 9367 9358 93.51
96.58 95.53 9503 9474 9455 9441 9407 9393 9380 9371 93.64
96.77 9569 9518 9488 90469 9455 9420 9406 9393 9383 093.7§
9695 9585 9533 9503 9483 9469 9433 9419 9405 9396 93.89
97.13 96.00 9548 95.17 9497 9482 9446 9431 9418 9408 94.01
97.31 96.16 9562 9531 9510 9495 9459 9444 9430 9420 94.13
9748 9631 9576 9544 9523 9508 9471 9456 9442 9432 94.25 I< ansas
Page 21/26 521 2022 Department of Transportation
Revised 2022

12




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

Quality
Index

Percent Within Limits for Selected Sample Sizes

QuorQu

N=7

N=8

N=9

N=10 N=15

N=20

N=50 N=100

3.60)
361
3.62
3.63]
3.64
3.65
3.66|
3.67
3.68
3.69]
3.70
3n
3.72
3.73
3.74

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

3.75| 100.00

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

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

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 IDU.DUI

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.

Page 26 of 26
5.2.1

Kansas
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QL

n

QL

PWL,
PWL,

PWL,

—0.55
4

Enter Table 2 with:

0.55

68.33
100 — 68.33

31.67

Quality Level Analysis
Percent Within Limits

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

Standard Deviation Method

Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQu N=5 N=6 N=T N=8 N=9 N=10 N=I5 N=20 N=30 N=50 N=100
0.45 6584 66.27 66.51 66.67 66.79 6687 67.08 67.16 6724 67.29 67.33
0.46 66.19 66.62 6687 67.03 67.14 6722 6743 6752 6760 67.65 67.69
0.47 66.53 66.96 67.22 67.38 6749 6758 67.79 6788 6796 68.01 68.05
0.48 66.88 67.31 67.57 67.73 6785 6793 68.15 6823 6831 6837 6840
0.49 67.22 6766 6792 6808 6820 6828 6850 6859 6867 6872 68.76
0.50) 67.56 6800 6826 6843 6855 6863 6885 6894 6902 69.07 69.11
0.51 67.90 6835 6861 6878 6890 6898 69.20 6929 6937 6943 69.46
0.52 68.24 6869 6896 69.13 6924 6933 69.55 6964 6972 69.77 69.81
0.53] 68.58 69.014 6930 6947 6959 6968 6990 6999 7007 70.12 70.16
0.54 6892 6938 6964 6982 6993 7002 7024 7033 7041 7047 7051
0.55 69.26 69.72 6999 70.16 7028 7036 7059 70.68 7076 70.81 70.85
0.56 £ 69.60 7006 7033 7050 7062 7071 7093 7102 7110 T7LI5 TLI19
0.57| 66.43 69.00 6994 7040 70.67 7084 7096 7105 7127 7136 7144 7149 T1.53
058 66.75 69.33 7027 7074 7101 71.18 7130 7139 7161 7L70 7178 7183 7187
059] 67.07 69.67 70.61 7107 7134 7152 7164 TL72 7195 7204 7211 7217 7221

Kansas

Department of Transportation
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Quality Level Analysis
Two Types of Analyses

* There are two types: double-limit and single-limit
specifications

» Steps in analysis for a double-limit specification on Page 13

« Steps in analysis for a single-limit specification with a
lower-limit specification shown on Page 14

Jm(ansasl

rtment of Transportation

15

Quality Level Analysis

Double Limit Specification

Percent Within Limits
Percent Defective

%’/[.

& ! ansas
LOWGI’ lelt Upper lelt |5“of'l’ranspurwtion

0
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Quality Level Analysis

Double Limit Specification

6.5.

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 1@ ggg T =4.23% LSL = 2.75%
10 4'05 S =0.437% USL = 5.25%
1D 4.80 n=4

2 2A 4.90
2B 5.07
2C 3.82
2D 3.53 [< ansas

Department of Transportation

17

Air Voids (Lot 1)

i} LSL X uSL _
(X — LSL) (USL —X)
L= T Qu = f
(BB 2,75 (5.25 — 4.23)
Y 01 UT T 0437
(1.48) (1.02)
= Ja37 U~ 0437
QL = 3.39 1.75 2.25 2.75 3.25 3.75 4.25 4.75 5.25?6.25 QU =2.33
Air Voids (%)
X282 ol s 2%
S =0.437% AR S/0

18



Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure

Standard Deviation Method
Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQu N=6 N=7 N=8 N=O0 N=10 N=15 N=20 N=30 N=50 N=100
n = 4 3.15] 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.95 99.94
3.16 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.96 99.94
Q — 3 39 3.17] 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.96  99.94
L g 3.18 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.96 99.94
3.19] 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.96  99.95
3.20 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.96 99.95
PWLL = 10000 321 100.00 100,00 100.00 10000 100.00 100.00 99.99 99.96  99.95
3.22 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.97  99.95
3.23] 100.00 100.00 100.00 100.00 100.00 100.00 99.99 99.97  99.95
3.24 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.97  99.96
3.25] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.97  99.96
3.26) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.97  99.96
3.27] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.97  99.96
3.28 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.97  99.96
3.29] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.96
3.30 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98  99.96
331 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.97
3.32] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98  99.97
3.33] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.97
334 100.00 100.00 100.00 100.00 100.00 100.00 100.00 9998 9997
3.35 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.97
3.36f 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.97
3.37 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.97
3.38] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.97
@ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98 99.98 K
3.40] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99  99.98
341 100.00 100.00 100.00 100.00 100.00 100.00 100.00 9999 99.98 a'nsa's
342 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99  99.98 DepactmentiofiTransnortation
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Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method
Quality
n = 4- Index Percent Within Limits for Selected Sample Sizes
QuorQu| N=3 Ni'i) N=5 N=6 N=T N=8 N=9 N=I0 N=I5 N=20 N=30 N=350 N=100
QU - 2'33 2.25( 100.00 109.00 100.00 100.00 100.00 9991 99.79 99.68 9934 99.18 99.04 9893 98.85
2.26( 100.00 100.00 100.000 100.00 100.00 99.92 99.80 99.70 9937 99.21 99.07 98.96 9888
PWL - 100 00 2.27| 100.00 100.00 100,00 100.00 10000 99.93 9982 9971 9939 9924 99.10 9899 9891
Wy — g 2.28( 100.00 100.00 100.00 100.00 100.00 9994 9983 99.73 9942 99.26 99.12 99.02 9894
2.29| 100.00 100.00 100.00 100.00 10000 99.95 9985 9975 9944 9929 99.15 9905 9897
2.30( 100.00 100.00 100.00 100.00 100.00 99.96 99.86 99.77 9946 99.32 99.18 99.07 99.00
2.31| 100.00 100.00 100.00 100.00 10000 99.96 9987 9978 9948 99.34 99.20 99.10 99.03
2.32( 100.00 1DELOU 100.00 100.00 100.00 99.97 99.89 9980 9951 9936 99.23 99.13 99.05
(2.33D+66:60»100.00| 100.00 100.00 100.00 99.98 9990 9981 9953 99.39 99.25 99.15 99.08|
2.34| 100.00 100.00 100.00 100.00 100.00 99.98 9991 9982 9955 99.41 99.28 99.18 99.10)
2.35( 100.00 100.00 100.00 100.00 100.00 99.98 99.92 99.84 9957 99.43 9930 9920 99.13
2.36| 100.00 100.00 100.00 100.00 10000 99.99 9992 9985 99.58 9945 99.32 9922 99.15
2.37( 100.00 100.00 100.00 100.00 100.00 99.99 99.93 99.86 99.60 99.47 9934 9925 99.18
2.38] 100.00 100.00 100.00 100.00 100.00 99.99 9994 9987 99.62 99.49 99.37 99.27 99.20)
2.39( 100.00 100.00 100.00 100.00 100.00 100.00 9995 99.88 99.64 99.51 99.39 9929 99.22
2.40| 100.00 100.00 100.00 100.00 100,00 100.00 9995 9989 9965 9953 9941 9931 99.25
2.41{ 100.00 100.00 100.00 100.00 100.00 100.00 99.96 99.90 99.67 99.55 99.43 99.33 99.27
2.42( 100.00 100.00 100.00 100.00 100.00 100.00 99.96 99.91 9968 99.56 9944 9935 9929
2.43( 100.00 100.00 100.00 100.00 100.00 100.00 99.97 99.92 9970 99.58 99.46 99.37 9931
2.44( 100.00 100.00 100.000 100.00 100.00 100.00 99.97 99.92 99.71 99.60 9948 99.39 9933 I<
2.45( 100.00 100.00 100.00 100.00 100.00 100.00 9998 99.93 9973 99.61 99.50 9941 99.35 ansas

Department of Transportation
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Quality Level Analysis
Percent Within Limits

* For a two-tail specification, the PWL is (Section 6.3.9):
PWL = (PWLU + PWL,) - 100
* For Lot 1:

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

Kansas

Department of Transportation
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Quality Level Analysis

Double Limit Specification

6.5.

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 P o
1B 3.77 ]
10 Pl s =0.437%
1D 4.80 n=4
2 gg g-gg % =4.33% LSL = 2.75%
: o USL = 5.25%
2C 3.82 S 2'769% 1
n =
2D 3.53 K ansas
department of Transportation

22



LSL

(X — LSL)
S
(4.33 — 2.75)
0769
(1.58)
~ 0769

2.05

|

1.752.252.753.253.754.254.755.255.756.256.75

Air Voids (Lot 2)

X USL

U

Qu

Qu

Air Voids (%)

X =433% LSL=2.75%
s =0.769% UYSL=5.25%
n=4

(USL —X)
S

(5.25 — 4.33)
0.769

(0.92)

"~ 0.769

1.20

Kansas

Department of Transportation
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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
QuorQu| N=3 N=9_i5 N=6 N=7 N=8 N9 N=I0 N=15 N=20 N=30 N=50 N=100
n=4 180 10000 100000 10000 9899 9835 9795 9770 9751 9706 9687 9670 9657 9649
181] 100.00 100000 10000 9907 9843 0804 9778 9760 9714 0695 9678 9665 96.57
QL = 2.05 182 100.00 100000 10000 9915 9851 0812 97.85 9768 9721 0702 9685 9673 96.64
1.83 10000 100{00 10000 9922 9859 9820 97.94 9775 9729 710 9693 9681 96.72
184/ 10000 10000 10000 9920 9866 9828 9802 9783 9737 OTI8 9701 9688 9679
PWL, = 100.00| |00 10doo 10000 9935 9874 9835 9809 9791 97.44 9725 9708 9695 9657
L o 186 100.00 100{00 10000 9943 9881 9842 9816 97.98 9752 9732 9715 97.03 9694
187 100.00 100000 10000 99.49 9888 0849 9824 9805 9750 0739 9722 97.10 97.01
1.88| 100.00 1000 100.00 9954 9894 9856 9830 9812 9766 9746 9729 97.17 97.08|
189 10000 100{00 10000 9960 9901 9863 9837 9819 9772 0753 9736 9723 OIS
190 100.00 100000 10000 9965 9907 9869 9844 9825 9779 TG0 9743 9730 97.21
191 10000 10000 10000 9970 9913 9876 9850 9832 9786 OT66 9749 9737 97T.28
192 10000 100{00 10000 9974 99.19 9882 9856 9838 97.92 0773 9755 9743 9134
1.93| 100.00 1000 100.00 99.78 9924 9888 9863 9844 9798 97.79 9762 9749 97.40|
194/ 10000 10000 10000 9982 9930 9893 9868 9850 9804 785 9768 9755 9746
195/ 100.00 100000 10000 9985 9935 9899 9874 9856 9810 9791 9774 9761 9752
196 100.00 100000 10000 9988 9940 9904 9880 9862 9816 9797 9780 9767 OT.58
1.97) 10000 10000 10000 9991 9944 9909 9885 9867 9822 9803 9786 9773 964
198 100.00 100{00 10000 9993 9949 99.14 9890 9873 9827 9808 9791 9779 97.70)
1.99[ 10000 10000 10000 9995 9953 99.19 9895 9878 9833 9814 9797 9784 9775
200( 10000 10000 10000 9997 9957 9924 9900 9883 9838 9819 9802 9790 9781
201 10000 10000 10000 9998 9961 9928 9905 9888 9843 9824 9807 9795 97.86
202{ 10000 10000 10000 9999 9964 9933 9910 9893 9848 9829 9813 98.00 97.91
2.03{ 100.00 10000 100.00 10000 9968 9937 99.14 9897 9853 9834 9818 9805 97.9
2.04[ 100.00 10400 100.00 10000 9971 9941 9918 99.02 9858 0839 9823 9810 9801
(@03D+00-00[100.00 [100.00 10000 9974 9945 9923 9906 9863 9844 9827 9815 98.06

Kansas

Department of Transportation
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n=4
Qy = 1.20

PWLy = 90.00

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

Standard Deviation Method

Quality
Index

Quor Qu

0.95
0.96
0.97
0.98
0.99
1.00
1.01
1.02
1.03|
1.04
1.05
1.06)
1.07
1.08|
1.09

Percent Within Limits for Selected Sample Sizes

82.14
82.45
82.75
83.04
83.34
83.64
83.93
84.22
84.52
8481
85.09
85.38
85.67
85.95
86.24
86.52
86.80
87.07
87.35
87.63
87.90
88.17
88.44
88.71
88.98
89.24
89.50

N=6

8239
8267
82.96
83.24
83.52
83.80
84.08
84.36
8463
8491
85.18
8545
85.71
85.98
86.24
86.50
86.76
87.02
87.28
87.53
87.78
88.03
88.28
88.53
88.77
89.01
89.25

N=7

82.52
82.80
83.08
8335
83.63
83.90
84.17
84.44
84.70
8497
85.23
85.49
85.74
86.00
86.25
86.51
86.75
87.00
87.25
87.49
87.73
8797
88.21
88.44
88.67
88.90
89.13

N=8

82.61
82.88
83.15
83.43
83.69
83.96
84.22
84.49
84.75
85.00
85.26
85.51
85.76
86.01
86.26
86.51
86.75
86.99
87.23
87.46
87.70
87.93
88.16
88.39
88.61
88.83
89.06

N=9 N=10 N=I5

82.67
82.94
83.21
8347
83.74
84.00
84.26
8452
84.77
85.03
85.28
85.53
85.78
86.02
86.27
86.51
86.74
86.98
87.21
87.45
87.68
87.90
88.13
88.35
88.57
88.79
89.00

82.71
82.97
83.24
83.51
83.77
84.03
8428
84.54
84.79
85.04
85.29
85.54
85.78
86.03
86.27
86.50
86.74
86.97
87.20
8743
87.66
87.88
88.10
88.32
88.54
88.76
88.97

82.80
83.06
83.32
83.58
83.84
84.09
84.34
84.59
84.83
85.08
85.32
85.56
85.80
86.03
86.26
86.49
86.72
86.95
87.17
87.39
87.61
87.82
88.04
88.25
88.46
88.66
88.87

N=20
82.84
83.10
83.35
83.61
83.86
84.11
84.36
84.60
8485
85.09
85.33
85.56
85.80
86.03
86.26
86.48
86.71
86.93
87.15
87.37
87.58
87.79
88.00
88.21
88.42
88.62
88.82

N=30
82.86
83.12
83.37
83.63
83.88
84.12
84.37
8461
8485
85.09
85.33
85.56
85.79
86.02
86.25
86.47
86.69
86.91
87.13
87.34
87.55
87.76
87.97
88.18
88.38
88.58
88.78

82.88
83.13
83.39
83.64
83.88
84.13
84.37
84.62
84.85
85.09
85.32
85.55
85.78
86.01
86.23
86.46
86.68
86.89
87.11
87.32
87.53
87.74
87.94
88.15
88.35
88.54
88.74

N=100
82.89
83.14
83.39
83.64
83.89
84.13
84.38
84,62
84.85
85.09
85.32
85.55
85.78
86.00
86.23
86.45
86.66
86.88
87.09
87.30
87.51
87.72
87.92
88.12
88.32
88.52
88.71

Kansas
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* For Lot 2:

Quality Level Analysis

PWL
PWL
PWL

=90

Percent Within Limits

(PWLU + PWL,) - 100
(90 + 100) - 100

Kansas

Department of Transportation
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Quality Level Analysis

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

- Elg 222 X =261% LSL = 2.75%
E1C 2.86 S =0.245% USL = 5.25%
E1D 274 n=4

Kansas

Department of Transportation
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Air Voids (Lot Extra)

X LSL USL
AP 155 _(USL - %)
= e Qu = s
(261 —-2.75) (525 -2.61)
(—0.14) (2.64)
R Uy
0.245 1.75 225 2.75 3.25 3.75 4.25 475 5.25 5.75 0.245
0, = 057 Air Voids (%) Qu = 10.78
¥ =261% LSL=2.75%
S =0.245% USL =5.25%
Kansas
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Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure
n= 4 Standard Deviation Method
Quality
g Index Percent Within Limits for Selected Sample Sizes
QL i _057 QuorQu N=5 N=6 N=7 N=8 N=9 N=10 N=I5 N=20 N=30 N=50 N=100
0.45 6584 66.27 6651 6667 6679 66.87 6708 67.16 67.24 67.29 67.33
GO into table Wlth 0.46 66.19 6662 6687 6703 67.14 6722 6743 6752 6760 6765 67.69
0.47 66.53 6696 67.22 6738 6749 67.58 67.79 67.88 6796 68.01 68.05
QL = (0.57 0.48] 6688 67.31 67.57 67.73 67.85 6793 6815 6823 6831 68.37 68.40)
0.49 67.22 67.66 6792 6808 6820 6828 6850 6859 6867 68.72 68.76
0.50 67.56 68.00 6826 6843 6855 6863 6885 6894 69.02 69.07 69.11
PWLL — 69.00 0.51 67.90 6835 68.61 6878 6890 6898 69.20 69.29 6937 6943 69.46
0.52 68.24 68.69 6896 69.13 6924 6933 6955 69.64 6972 69.77 69.81
for 0.53 6858 69.04 6930 6947 6959 60.68 6990 69.99 7007 70.12 70.16
0.54 6892 6938 6964 6982 6993 7002 7024 7033 7041 7047 7051
QL = 057 0.55 69.26 6972 6999 70.16 7028 7036 7059 7068 7076 7081 7085
0.56 69.60 7006 7033 7050 7062 70.71 7093 7102 7110 7LI5 T7LI9
however Q@57 69.94 7040 70.67 7084 7096 7105 7127 7136 7144 7149 7153
) 0.58 7027 7074 7101 7118 7130 7139 7161 7170 7178 7183 7187
Q P _O 57 0.59 7061 7107 7134 7152 7164 7172 7195 7204 7211 7217 7221
L — . 0.60 7095 7141 7168 7185 7197 7206 7228 7237 7245 7250 7254
0.61 7128 7175 7202 7219 7231 7240 7261 7270 7278 7284 7287
SO, 0.62 71.61 7208 7235 7252 7264 7273 7295 7304 7311 7317 7320
0.63 7195 7241 7268 7285 7297 7306 7328 7337 7344 7350 7353
PWLL o 10000 i~ 6900 0.64 7228 7274 7301 73.18 7330 7339 7361 7369 73.77 7382 7386
0.65 7261 7308 7334 7351 7363 7372 7393 7402 7410 7415 7418
PWL, = 31 00 0.66 7204 7340 7367 7384 7396 7404 7426 7434 7442 7447 7451
L : 0.67 7327 7373 7400 7417 7428 7437 7458 7467 7474 7479 7483
0.68 7360 7406 7432 7449 7461 7469 7490 7499 7506 7511 75.14
0.69 7393 7439 7465 7481 7493 7501 7522 7530 7538 7543 i‘"}z-nsas
Department of Transportation
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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
n = 4 QuorQu (@ N=5 N=6 N=7 N=8 N=9 N=10 N=15 N=20 N=30 N=50 N=100
3.60] 100.00 10P.00 100.00 100.00 100.00 10000 100.00 100.00 10000 100.00 10000 9999 99.99)
QU = 10.78 3.61| 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00 10000 100.00 10000 9999 99.99|
362 100.00 10D.00 100.00 100.00 10000 10000 100.00 10000 100.00 100.00 100.00 10000 99.99)
3.63| 100.00 10p.00 100.00 100.00 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 99.99
3.64) 100.00 10.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99)
PWLU =100.00 365 10000 10D.00 10000 100.00 10000 10000 100.00 10000 100.00 100.00 100.00 100.00 9999
3.66] 100.00 10p.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.67| 100.00 10p.00 100.00 100.00 10000 100.00 100.00 10000 100.00 100.00 100.00 100.00 9999
3.68| 100.00 10p.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.69] 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99)
3.70] 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)
3.71] 100.00 10p.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99
3.72| 100.00 10p.00 100.00 100.00 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 99.99
3.73] 100.00 10D.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99)
3.74) 10000 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99)
3.75| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 99.99)
3.76] 100.00 10D.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00)

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.

Kansas

Department of Transportation
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Quality Level Analysis
Percent Within Limits

e For Lot Extra:
PWL = (PWLU + PWL,) - 100

PWL = (100 + 31) - 100
PWL = 31

Kansas

Department of Transportation
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Quality Level Analysis

Single Limit Specification

Percent Within Limits
Percent Defective

0

Q Kansas

Lower Limit Bepariment of Transportation
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Quality Level Analysis
Single Limit Specification

A contractor has made thickness cores on three lots of concrete
pavement. The lower specification limit (LSL) is 10.8 in. Conduct
a Quality Level Analysis and compute the percent within limits.

Sublot Thickness (in)
1A 10.9 X =109 LSL=10.8in
1B 10.8 s =0.08
1C 10.9 n=5
1D 11.0
1E 11.0
Kansas
33
Thickness (Lot 1)
LSL X
_ (X-LSD)
g - S
_ (10.9-10.8)
o 0.08
(0.1)
QL= 508
Q=125 10.0 102 104 106 108 110 112 114 116 118 120
Thickness (in)
¥=109in LSL=10.8in
s =0.08
n=s Kansas

34




Table 2 for Estimation of Lot Percent Within Limits

n=>5

Q, =125

PWL, = 90.54

8036 8031 3028 B
89.54 89350 8947 ansas

Department of Transportation

Variability Unknown Procedure
Standard Deviation Method
Quality
Index Percent Within Limits for Selected Sample Sizes

QuorQu N=7 N=8 N=9 N-10 N=15 N=20 N=30 N=50 N=100
1.00] 8300 8396 8400 8403 38409 8411 8412 8413 3413
1.01 84.17 8422 8426 8428 8434 8436 8437 8437 38438
1.02 8444 8449 8452 8454 8459 8460 8461 8462 3462
1.03 8470 8475 8477 8479 8483 8485 8485 8485 8485
1.04] 8497 8500 8503 8504 8508 8509 8509 8500 85.09
1.05 8523 8526 8528 8529 8532 8533 8533 8532 8532
1.06] 8549 8551 8553 8554 8556 8556 8556 8555 8555
1.07 8574 8576 8578 8578 8580 8580 8579 8578 8578
1.08 86.00 8601 8602 8603 8603 8603 8602 8601 36.00
1.09 86.25 8626 8627 8627 8626 8626 8625 8623 8623
110 86.51 8651 8651 8650 8649 8648 8647 8646 8645
111 8675 8675 8674 8674 8672 8671 8669 8668 36.66
112 8700 8699 8698 8697 8695 8693 8691 8680 36388
113 8725 8723 8721 8720 8717 8715 87.13 8711 87.09
114 8749 8746 8745 8743 8739 8737 8734 8732 8730
115 8773 8770 8768 8766 8761 8758 8755 8753 8751
1.16] 8797 8793 8790 8788 8782 8779 8776 8774 8172
1.17] 8821 8816 8813 88.10 88.04 8800 8797 8794 §7.92
1.18] 8844 8839 8835 8832 8825 8821 8818 8815 38812
119 8867 8861 8857 8854 8846 8842 8838 8835 8832
1.20] 8800 8883 8879 8876 88.66 8862 8858 8854 8852
121 80.13 80.06 89.00 8897 8887 8882 8878 8874 38871
122 8035 8027 8022 80.18 8007 8002 8897 8803 8891
1.23 8058 8049 8943 8039 8027 8922 8916 8912 39.09
124 8080 8070 8964 80.59 8047 8941

Qaz 9002 8991 8985 8979 8966 89.60

1.26 9023 9012 90.05 9000 8985 89.79 89.73 89.68 89.65
1.27] 9045 9033 9025 9019 9004 8008 8001 8087 3083

35

Sublot

2A
2B
2C
2D
2E

Quality Level Analysis

Single Limit Specification

Thickness (in)

11.4
10.9
10.8
10.2
10.8

A contractor has made thickness cores on three lots of concrete
pavement. The lower specification limit (LSL) is 10.8 in. Conduct
a Quality Level Analysis and compute the percent within limits.

X =10.8 LSL=10.8in
s =045
n

Kansas

Department of Transportation
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Thickness (Lot 2)

LSL
X
(X — LSL)
LS T
S
(10.8 — 10.8)
& 0.45
(0.0)
=945
QL 0.00 9.0 9.4 9.8 10.2 10.6 11.0 1.4 11.8 12.2
Thickness (in)
X =10.8in LSL=10.8in
s =045
n=5 Kans as
Department of Transportation
37
Table 2 for Estimation of Lot Percent Within Limits
Variability Unknown Procedure
Standard Deviation Method
Quality n= 5
Index Percent Within Limits for Selected Sample Sizes -
QuorQu| N=3  N=4 (N=5 N-7 N=B N9 N=10 N=I5 N=20 N=30 N=50 N=100
: s Q. =0.00
@: - 5000 | 5000 5000 5000 5000 5000 5000 5000 5000 50.00 50.00
0.01] 50.28 5033 5036 5037 5037 5038 5038 5038 5039 5039 5040 5040 50.40
0.02| 50.55 5067 50.71 5073 5075 5076 5076 5077 5078 50.79 50.79 50.79 50.80
0.03| 50.83 51.00 51.07 51.10 5112 5114 5115 5115 5117 5118 5119 5119 5119 j—
0.04] 51.10 5133 5142 5147 5150 5151 5153 5154 5156 51.57 5158 51.59 51.59 PWLL - 50'00
0.05| 5138 51.67 51.78 51.84 51.87 51.89 5191 5192 5195 5196 5198 5198 51.99
0.06/ 51.65 5200 5213 5220 5224 5227 5229 5230 5234 5236 5237 5238 5239
0.07| 51.93 5233 5249 5257 5262 5265 5267 5269 5273 5275 5276 5278 5278
0.08] 5221 5267 5285 5294 5299 5303 5305 5307 53.12 5314 5316 5317 53.18
0.09] 5248 53.00 5320 5330 5337 5341 5343 5346 5351 5353 5355 5357 53.58
0.10] 5276 53.33 5356 5367 5374 5378 5382 5384 5390 5392 5395 5396 5397
0.11] 53.04 5367 5391 5404 5411 54.16 5420 5422 5429 5431 5434 5436 54.37
0.12| 5331 54.00 5427 5440 5449 5454 5458 5460 5467 5470 5473 5475 54.76
0.13f 53.59 5433 5462 5477 5486 5492 5496 5499 5506 5509 5512 55.14 55.16
0.14] 5387 54.67 5498 55.14 5523 5529 5534 5537 5545 5548 5552 5554 55.55
0.15| 54.15 5500 5533 5550 5560 5567 5571 5575 5584 5587 5591 5593 5595
0.16] 5442 5533 55.69 5587 5597 5604 5609 56.13 5622 56.26 5630 5632 56.34
0.17| 5470 5567 56.04 5623 56.35 5642 5647 56.51 5661 5665 5669 56.71 56.73
0.18] 5498 56.00 5640 56.60 5672 56.79 5685 56.89 5699 57.04 5708 57.11 57.12
0.19] 5526 5633 56.75 5696 57.09 57.17 5723 57.27 5738 5743 5747 5750 57.52
0.20f 5554 5667 57.10 5732 5746 5754 5760 5765 5776 57.81 5785 5789 5791
0.21| 5582 57.00 5746 5769 5783 5792 5798 5803 5815 5820 5824 5827 58.30
0.22| 56.10 57.33 57.81 5805 5820 5829 5836 5840 5853 5858 5863 58.66 58.69
0.23| 56.38 57.67 58.16 5841 5856 5866 5873 5878 5891 5897 5901 59.05 59.07
0.24] 56.66 58.00 5852 5878 5893 59.03 59.11 59.16 59.29 5935 5940 5944 59.46
0.25| 56.95 5833 5887 59.14 5930 5941 5948 59.53 5967 59.73 5978 59.82 59.85
0.26] 57.23 5867 59.22 59.50 59.67 59.78 5985 5991 6005 6011 60.17 6021 60.23 B ans aS
0.27( 57.51 59.00 5957 5986 60.03 60.15 6023 6028 6043 6049 6055 60.59 60.62
0.28) 57.80 59.33 5992 6022 6040 6052 6060 6066 6081 6087 6093 6097 61.00 Department of Transportation
0.29] 58.08 5967 6028 6058 6077 6089 6097 6103 61.19 6125 6131 6135 6138
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Quality Level Analysis
Objectives

Define Quality Level Analysis

State and calculate upper and lower quality index
formulas

Use a table to find PWL
Select and apply proper analyses

Kansas

Department of Transportation
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(4) Comparison Testing

 Companion cores will be measured and tested
by KDOT for each lot

« Variances (spread in data) will be compared (F-test)

[y
o

S
@

p=0, o0?= ]
N H=0, 02=10,—
p=0, o%= i
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ol e N e Iz
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Department of Transportation

Normalized Strength
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(4) Comparison Testing

 Companion cores will be measured and tested

by KDOT for each lot
« Variances (spread in data) will be compared (F-test)
* Averages will be compared (T-test)
« Fand T soreadsheet _

10 T ‘ T ‘ T
L H=0, 02202, =]
N N i
> I / \ H=-2,0*205=1 Do these samples
& " /\ / \ come from the
=} = B .
S o same population?
o \ ] |
0.2 \
L y 9 ]
0.0
e e R By Kansas

Department of Transportation

Normalized Strength
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(4) Comparison Testing

» Pavement Acceptance and Pay Adjustments

» Based on Contractor QC results

Provided Statistical Comparison is Favorable
 Random Samples taken from Lot
» Based on KDOT Verification results

When Statistical Comparison is not Favorable
*+ Random Sample from the Lot

Kansas

Department of Transportation
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COMPARISON TESTING
E-TEST
KDOT Construction Manual

Section 5.2.6
Pages 1-4

Jm(ansasl

rtment of Transportation

Comparison Testing
Objectives

Understand the need to compare test results
Understand level of significance (a)
Understand test comparison procedure
Learn and execute F-test method

Department of Transportation

f Transp




Comparison Testing
Why?

+ Compare QC test results and KDOT verification test results.

* Determine if the material under test came from the same
population.

« Use F-test (Fisher’s exact test) and t-test (Student’s t-test) to
compare test results.

Kansas

Department of Transportation

Comparison Testing
Level of Significance ()
* F-test and t-test are conducted with a selected level of
significance (&)
 Level of Significance () used is 1%

» 1% chance that test results are incorrect
1) good material/product will be rejected
2) bad material/ product will be accepted

» 99% level of confidence that F-test and t-test results are
correct
Kansas

Department of Transportation




Comparison Testing
Procedure

Use F-test to compare QC and KDOT variances

2) Use F-test result to determine which t-test method to
use

3) Use t-test to compare QC and KDOT means

4) Use t-test result to determine if QC and KDOT test

results are statistically equal

Kansas

Department of Transportation

F-TEST

Kansas
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F-test
Compare Variances

» F-test detergnines if QC variance (Scz) and KDOT
variance () are statistically equal or not:

If F>F

o then variances not equal.

OR
If F<F_,, ,then variances are equal.

» F-test determines what t-test procedure to use.

Kansas

Department of Transportation

F-test
Procedure

i. Find basic statistics for both contractor and KDOT:
n

X

Kansas

Department of Transportation




F-test
Procedure

ii. Compute F-statistic value:

2 2

S S
= gor VZ
SV SC

Note: Larger variance always goes in numerator (top)

Kansas

Department of Transportation

F-test

Procedure
ii. Choose a =1% level of significance §2 §2
F =—-or —
iv. Degrees of Freedom Sy Se

Numerator: n, —1 Larger Variance
Denominator: n,,—1

Note: Table 1 is for a two-tailed test — Difference between 2
variance estimates

A one-tailed test — if one variance is larger than another

Kansas

Department of Transportation
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F-test Procedure
v. Find F,; inTable 1 (Pages 3-4)

Table 1 Critical Values, Fi for the F-test for a Level of Significance, o =1%

DEGREES OF FREEDOM FOR NUMERATOR

g

24100
199

43.9
2001
138
10.4
851
7.34
6.54
5.97
5.54
5.20

e o fm
MRl
el o[

16.2
14.7
136
12.8

6.48 - % 4.54
5.82 5 .26 3.96

3.76

»|0 ©lo
Bl= |2

5.52 .. i 3.69
5.24 . i 3.45
4.98 .. . 3.22
8.49 4.73 5 . 3.01
8.18 4.50 .. . 281
7.88 428 .. i 2.62
NOTE : This is for a two-tailed test with the null and alternate hypotheses shown below:

P
8
z
=
g8
z
=
a
-4
8
x,
=
g
g
g
12
-
5
é
2
a

3.50
3.25
3.03
2.82
2.62
2.43

nsas

of Transportation
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Table 1

DEGREES OF FREEDOM FOR DENOMINATOR

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

Critical Values, F , for the F-test for a Level of Significance, o =1 % (contd..)

DEGREES OF FREEDOM FOR NUMERATOR

TR R
25100 25300
199 199
423 421
19.8 19.6
12.5 12.4
9.24 9.2
7.42 7.31
6.29 6.18
5.52 541
4.97 4.86
4.55 4.45
4.23 4.12
3.59 3.48
3.02 2.92
2.77 2.66
2.52 2.42
2.3 2.18
2.29 2.08 1.96 1.83
2.09 1.87 1.75 161

: 190 [N 167 [HSOTT 153 [LA0TT 136

Ho: 32c=52v
Ha: Szc$$2v

o100
A
S

tion

12




F-test
Procedure

vi. Compare calculated F value and F g,
Two conclusions:
If F=F.,, ,then variances not equal.

OR
If F <F.,; ,then variances are equal.

Jm(ansas

rtment of Transportation

13

EXAMPLE PROBLEM
Case 1 - Concrete

Page 5.2.6-8

Jgansas

rtment of Transportation
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Example Problem - Case 1 (Page 8)

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
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 I <
35.62 ans aS

36.06 Department of Transportation

15

Example Problem - Case 1
Step 1: Compute the Statistics

Contractor KDOT
n, =21 n,=>5
x. = 37.302 x, = 33.300
s, =2.736 s, =3.161

s.2=7431 5,2 =9.992

Step 2: Compute the F Statistic

P
S
F = —-or F=2992 _ 3,
5. | 7.431
Note: Larger variance always goes in numerator (top) Kansas

Department of Transportation
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Example Problem - Case 1
Step 3 and 4

3. Level of Significance: ¢ =1%
4. Find the critical F Value (Fqg/7)

Degrees of Freedom
- Numerator (Larger Variance):

KDOT’s Variance is 9.992 is the larger value
- Denominator (Smaller Variance):

Contractor Variance is 7.431 is the smaller value
Therefore, KDOT’s degree of Freedom is the Numerator

dfnum : nnum_1 : nv = 5; thU.S dfnum = 5 — 1 Z@
dfden nden_l s n,= 21, thus dfden =21-1 =

Kansas

Depariment of Transportation
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Example Problem - Case 1

F CRIT

Table 1 Critical Values, Feri. for the F-test for a Level of Significance, a =1%

DEGREES OF FREEDOM FOR NUMERATOR

1 2 3 C4) 5 6 7 8 9 10 11 12

o 1 16200 20000 21600 23100 23400 23700 23900 24100 24200 24300 24400
8 2 198 199 199 199 199 199 199 199 199 199 199 Lzl
< 3 55.6 49.8 475 44.2 45.4 44.8 4.4 44.1 43.9 43.7 43.5 434
g 4 313 26.3 243 232 22.5 22.0 21.6 214 21.1 21.0 20.8 20.7
g 5 22.8 183 16.5 146 14.9 14.5 14.2 14.0 138 13.6 13.5 134
E 6 18.6 14.5 12.9 14.0 11.5 11.1 10.8 10.6 10.4 10.2 10.1 10.0
a i 16.2 124 10.9 1.0 9.52 9.16 8.89 8.68 8.51 8.38 8.27 8.18
% 8 14.7 11.0 9.60 8.81 8.30 795 7.69 7.50 7.34 7.21 7.10 7.01
2] 9 13.6 10.1 8.72 7.p6 747 7.13 6.88 6.69 6.54 6.42 6.31 6.23
g 10 12.8 9.43 8.08 7.4 6.87 6.54 6.30 6.12 5.97 5.85 5.75 5.66
9 11 12.2 8.91 7.60 6.88 6.42 6.10 5.86 5.68 5.54 5.42 5.32 5.24
d 12 11.8 8.51 7.23 6.p2 6.07 5.76 5.52 5.35 5.20 5.09 4.99 4.91
E 5.37 5.07 485 4.67 4.54 4.42 4.33 4.25
(=] : ; ; 5.17 4.76 4.47 4.26 4.09 3.96 3.85 3.76 3.68
a 9.55 6.66 5.52 i 4.49 4.20 399 383 3.69 3.59 3.50 3.42
2 30 9.18 6.35 5.24 4.62 4.23 3.95 3.74 3.58 3.45 3.34 3.25 3.18
g 40 8.83 6.07 4.98 4.37 3.99 3.71 351 335 3.22 3.12 3.03 2.95
a 60 8.49 5.80 4.73 4.14 3.76 3.49 329 3.13 3.01 2.90 2.82 2.74
120 8.18 5.54 4.50 3.92 3.55 328 3.09 293 2381 2.71 2.62 2.54

7.88 5.30 4.28 3.72 3.35 3.09 2.90 2.74 2.62 2.52 243 2.36

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

nsas

of Transportation
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Example Problem - Case 1

Contractor KDOT
n, =21 n,=>5 F=1.34
x. = 37.302 x, = 33.300 Fopyr="5.17
s, = 2.736 s, =3.161
sz =7.431 5,2 =9.992 If F'>F_.,,, then variances not equal.
df,,, = 20 df,, =4 OR

If < F_,,; then variances are equal.

Since F (1.34) is less than Fg,; (5.17), then the variances are statistically equal

Kansas

Department of Transportation

19

Example Problem - Case 1

Conclusion from the F-test

F =134 Foyr =5.17

+ Since F < F,,,,assume the sample variances are
statistically equal

» Use the pooled estimate for the variance and the
pooled degrees of freedom when conducting the t-test

Kansas

Department of Transportation
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Example Problem - Case 2 (Page 10)

Contractor QC Test Results KDOT Verification Test Results
93.0 95.5
92.4 93.3
92.9 94.1
93.6 92.5
92.9 92.7
929
92.4
93.4
92.9
92.4

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 (%G,,,). The results are
shown below. Is it likely that the test came from the same population or lot?

Kansas

Department of Transportation

21

Example Problem - Case 2
Step 1: Compute the Statistics

Contractor KDOT
n, =10 n,=5
x, = 92.88 X, = 93.62
s, =0.408 s, =1.221

5.2 =0.166

Step 2: Compute the F Statistic

2
S

F = —-or F=21491 _g4g
S 0.166

v

Note: Larger variance always goes in numerator (top)

Kansas

Department of Transportation
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Example Problem - Case 2
Step 3 and 4

3. Level of Significance: ¢ =1%
4. Find the critical F Value (Fqg/7)

Degrees of Freedom
- Numerator (Larger Variance):

KDOT'’s Variance is 1.491 is the larger value
- Denominator (Smaller Variance):

Contractor Variance is 0.166 is the smaller value
Therefore, KDOT’s degree of Freedom is the Numerator

df,. =n_—1: n,=5, thusdf,, =5-1=4)
df,, = n,,—1: n,=10,thusdf,,=10-1=9)

Kansas

Depariment of Transportation
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Example Problem - Case 2

F CRIT

Table 1 Critical Values, Feri. for the F-test for a Level of Significance, a =1%

DEGREES OF FREEDOM FOR NUMERATOR

1 2 3 C4) 5 6 7 8 9 10 11 12
16200 20000 21600 23100 23400 23700 23900 24100 24200 24300 24400

1

§ 2 198 199 199 199 199 199 199 199 199 199 199 Lzl
< 3 55.6 49.8 475 44.2 45.4 44.8 4.4 44.1 43.9 43.7 43.5 434
g 4 313 26.3 243 232 22.5 22.0 21.6 214 21.1 21.0 20.8 20.7
g 5 22.8 183 16.5 146 14.9 14.5 14.2 14.0 138 13.6 13.5 134
E 6 18.6 14.5 12.9 14.0 11.5 11.1 10.8 10.6 10.4 10.2 10.1 10.0
a i 16.2 124 10.9 1.0 9.52 9.16 8.89 8.68 8.51 8.38 8.27 8.18
% 8 14.7 11.0 9.60 881 8.30 795 7.69 7.50 7.34 7.21 7.10 7.01
2] [€D) 43+ +0-4 72 7.96 747 7.13 6.88 6.69 6.54 6.42 6.31 6.23
g 12.8 9.43 8.08 3 6.87 6.54 6.30 6.12 5.97 5.85 5.75 5.66
9 11 12.2 8.91 7.60 6.88 6.42 6.10 5.86 5.68 5.54 5.42 5.32 5.24
d 12 11.8 8.51 7.23 6.52 6.07 5.76 5.52 5.35 5.20 5.09 4.99 4.91
E 15 108 7.70 6.48 5.80 5.37 5.07 485 4.67 4.54 4.42 4.33 4.25
(=] 20 9.94 6.99 5.82 5.17 4.76 4.47 4.26 4.09 3.96 3.85 3.76 3.68
a 24 9.55 6.66 5.52 4.89 4.49 4.20 399 383 3.69 3.59 3.50 3.42
2 30 9.18 6.35 5.24 4.62 4.23 3.95 3.74 3.58 3.45 3.34 3.25 3.18
g 40 8.83 6.07 4.98 4.37 3.99 3.71 351 335 3.22 3.12 3.03 2.95
a 60 8.49 5.80 4.73 4.14 3.76 3.49 329 3.13 3.01 2.90 2.82 2.74
120 8.18 5.54 4.50 3.92 3.55 328 3.09 293 2381 2.71 2.62 2.54

7.88 5.30 4.28 3.72 3.35 3.09 2.90 2.74 2.62 2.52 243 2.36

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

nsas

of Transportation
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Example Problem - Case 2

Contractor KDOT
n, =10 n,=>5 F=28.98

xX. = 92.88 X, = 93.62 Fopyr="7.96

s, = 0.408 S5 = 1.281

s.2=0.166 s, =1.491 If F'>F_.,,, then variances not equal.
df,,, =9 df,, =4 OR

If < F_; then variances are equal.

Since F (8.98) is greater than Fcg (7.96),
then the variances are not statistically equal

Kansas

Department of Transportation
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Example Problem - Case 2

Conclusion from the F-test

F=898 Frpr=7.96

» Since F 2 F.g;r, assume the variances are not
statistically equal
» Use individual sample variances, individual sample
sizes, and the effective degrees of freedom
(estimated from the sample variances and sample
sizes) when conducting the t-test
Kansas

Department of Transportation
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Takeaways

» F-test compares variances Sf and sz
* There is only one F-test procedure

» F-test result only tells us which t-test procedure to use
» Variances are equal
» Variances not equal

Kansas

Department of Transportation
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Comparison Testing
Objectives

Understand the need to compare test results
Understand level of significance (a)
Understand test comparison procedure

» Learn and execute F-test method

Kansas

Department of Transportation
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COMPARISON TESTING
t-test
KDOT Construction Manual

Section 5.2.6
Pages 5-12

Jm(ansasl

rtment of Transportation

Comparison Testing
Objectives

» Learn and execute the t-test for equal variances
» Learn and execute the t-test for not equal variances

Department of Transportation

f Transp




Comparison Testing
Procedure

Use F-test to compare QC and KDOT variances

2) Use F-test result to determine which t-test method to
use

3) Use t-test to compare QC and KDOT means

4) Use t-test result to determine if QC and KDOT test

results are statistically equal

l{ansas

rtment of Transportation

t-test
Variances are Equal

Jgansas

rtment of Transportation




Case 1 - Sample Variance Assumed to Be Equal
Page 5 (5.2.6.)

Case 1: Sample Variances Assumed to Be Equal

s are assumed equal, Equation 1 is used

ariance (described below)

Kansas

n If 1 2 Lo, then decide that the two sets of tests have significantly different means. If t < Department of Transportation
Lo

then decide that there is no reason to believe that the means are significantly different

t-test
Compare Means

* t-test determines if the QC mean ( X ) and KDOT
mean (Xv)are equal or not:

If t>t¢ then means not equal.

OR
If t <t - then means are equal.

CRIT °

* If there are no differences in the sample means, it
indicates the material under test came from the
same population

el Kansas

Department of Transportation




t-test
Variances are equal (F < F,,,,)

» Use pooled variance (s2 ), which is the weighted average of
variance from both sets of tests when calculating t value

* Use pooled degrees of freedom (n, +n, —2)

« When ¢ = 0, the two data sets have exactly the same means

Kansas

Department of Transportation

t-test
Variances are equal (F < F_,,.)

) 2
» Calculate pooled variance Sp

2 Scz(nc _1)+S3(nv _1)
g n +n, —2

Kansas

Department of Transportation




t-test
Variances are equal (F < F,,,,)

» Calculate f statistic

Kansas

Department of Transportation

t-test
Variances are equal (F < F_,,.)

« Determine & = 1%
» Calculate degrees of freedom

df =n, +n, -2

Kansas

Department of Transportation
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t-test-4
Variances are equal (F < F,,,,)

Find tCRIT in Table 2

Page 7

Eg E%gggg%%%%%%%gg

Kansas

Department of Transportation
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t-test
Variances are equal (F < F_,,.)

Compare calculated ¢ value and tCRIT
Two conclusions:

If £ 2 ¢z, then means not equal.
OR

If £ <t » then means are equal.

Kansas

Department of Transportation
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EXAMPLE PROBLEM
Case 1 - Concrete
(continued)

Pg. 5.2.6-8

Kansas

Department of Transportation
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Example Problem - Case 1

Contractor KDOT
n, =21 = F=134
%, = 37.302 X, = 33.300 Fopr=5.17
s, = 2.736 s, =3.161 o i
s.2 =7.431 5,2 =9.992 CRIT
df.., S0 df = 4

2 _ Sf(nc_l)-i_sf(nv_l)
° n,+n,—2

Calculate pooled variance s

c2— /A31(21-1)+9992(5-1) _ 7.431(20)+9.992 (4)
. 21+5 -2 24

_— 148.62 +39.968 _ 188.588
L 24 24

5,2 = 7.858

Kansas

Department of Transportation

14




Example Problem - Case 1
Determining the t-statistic

Contractor KDOT
n =21 n,=5 F=134 s, =7.858
x. = 37.302 x, = 33.300 A —15.1.7
s. = 2.736 s, =3.161 -
s2=7431 5,2 =9.992 < Femr
dfdé‘ﬂ = 20 dfnum = 4’ { = _c - _v
Calculate t-statistic, t ﬁ " i
n(? nv
302 -33. : . 4.002
t:|37738(;f3 37?,sgg| p |4002] 4002 _ 869
\/ 2201 13 \/ 0.374+1.572 J 1.946 1395
Kansas
15
Example Problem - Case 1
Determining the t-statistic
Contractor KDOT
n, =21 n,=5 F=1.34 5,2 =7.858
x, = 37.302 x, = 33.300 Fopr=5.17 t = 2.869
s, = 2.736 s, =3.161 2
s2=7431 5,2 =9.992 < Femrr
df,,,, = 20 df,, =4

Calculate critical t-value, t_;

Pooled Degrees of Freedom=n_+n,-2=21+5-2 =24
a=1%

Enter Table 2 with the Pooled Degrees of Freedom and a

Kansas

Department of Transportation
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Kansas
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Example Problem - Case 1

t = 2.869 t,.. = 2.797

t2 tcrit
Thus, we assume that the sample means are not equal
and the two sample sets did not come from the same

population

Kansas

Department of Transportation
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KDOT Data

Example Problem - Case 1

X X

e

Contractor Data

24 26 28 30 32 34 36 38 40 42 44 46

Kansas

Depariment of Transportation
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t-test
Variances not Equal

Kansas

Depariment of Transportation

20




Case 2 - Sample Variances Assumed to Be Not Equal

Page 6 (5.2.6.)

Case2: Sample Variances Assumed to Be Not Equal

a)  Toconduct the 1test when the sample variances are assumed not equal. Equation
3 s used 1o calculate the t value from which the decision is reached

“w

where all the symbols are as described previously.

d

o I 1 2 L. then decide that the
1

then decide that there s no rea

Kansas

Depariment of Transportation
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t-test
Variances not equal (F > F.,,,)

» Use individual variances from test results to calculate t statistic

« Calculate effective degrees of freedom ( 1), effective degrees
of freedom rounded down to a whole number

* When ¢ = 0, the two data sets have exactly the same means

Kansas

Depariment of Transportation

22




t-test
Variances not equal (F > F.,,)

» Use individual variances from test results to calculate t statistic
* No S; to calculate

- Effective degrees of freedom (/")
» Will be provided

« When ¢t = 0, the two data sets have exactly the same means

Kansas

Department of Transportation
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t-test
Variances not equal (F > F.,,,)

« Determine & = 1%

« Calculate effective degrees of freedom f ' (given!)

Kansas

Department of Transportation

24




t-test
Variances not equal (F > F,,,,)

Table 2 Critical t values

in Table 2 S P —

Find tCR]T e - .

1 63657 12.706 6314
P a g e 7 2 9925 4303 2920
3 5841 3182 2353
4 1604 217 2132
5 1032 2571 Z015
6 3707 2447 1943
7 3489 2365 1895
8 3355 2306 1.860
9 3250 2262 1833
10 3169 2228 1812
1 3106 2201 1.796
iz 3055 217 1782
13 3012 2160 17710
u 2971 2145 1.761
15 2047 2131 1753
16 2921 2120 1746
7 2398 i1 1740
18 2878 2101 1734
1 2861 2003 1729
20 2845 2086 1725
2 2831 2080 1721
z 2819 2074 i1
£ Z807 2069 714
24 2191 2064 L7
25 2781 2060 1708
% 2179 205 1.706
2 2m 2052 1703
2 2763 2018 1701
2 2756 2015 1699
) 2750 2012 1697
) 2704 2021 1681
0 2660 2000 1671
120 z617 1980 1658
= 2576 1960 1645
NOTE : This Is for a two-tailed test with the null and aliernate hypotheses shown below I :
Ha: X =X, Department of Transportation
H. X =X

25

t-test
Variances not equal (F > F.,,,)

Compare calculated  value and tCRIT
Two conclusions:

If £ 2 ¢z, then means not equal.
OR

If  <%.p;r » then means are equal.

Kansas

Depariment of Transportation

26



EXAMPLE PROBLEM
Case 2 - Asphalt
(continued)

Pg. 5.2.6-10

Kansas

Department of Transportation
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Example Problem - Case 2
Determining the t-statistic
Contractor KDOT
n,= 10 n,=>5 F=8.98
x, = 92.88 X, = 93.62 Feprr=7.96
s, = 0.408 s, =1.221 F = Fopyr
5,2 =0.166 5,2 =1.491
df,.,=9 df,,.,= 4 X.-X,|
B, " f[2 2
Calculate t-statistic, t 1%¢ .2y
\ H(_ H‘,
19288 -9362] __ |-074] _ 074 _ 074
\/ 0.166 , 1.1 \/0.0166+ 0.2982 J 03148  0-561

Kansas

Department of Transportation
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Example Problem - Case 2

Calculate the effective degrees of freedom

Contractor KDOT
n, =10 n,=> £=8.98 t =1.319
%, =92.88 %, = 93.62 =t o
s, = 0.408 s, =1.221
s.2=0.166 s, =1.491 F 2 Feprr
df,,,=9 df,,,, = 4 [ & ]
Calculate effective degrees of freedom r= n('z 2
f prec n, (|] N n‘,.v-t-l
ff=4
Round down to a whole number Karf,lspas

29

Example Problem - Case 2

Determining the t-statistic

Contractor KDOT
n, =10 n,=5 F=8.98 t =1319
X.=92.88 X, = 93.62 Frpr=17.96 f =
s, =0.408 s, =1.221 F = Fopyp
s.2=0.166 s,2 =1.491
it ... Bl df,,,, =4

Calculate critical t-value, t_;

Degrees of Freedom = 4

a=1%

Enter Table 2 with the Degrees of Freedom and a

Kansas

Department of Transportation

30



4 1604 2132

4032 2 2015

3.707 1.943

3499 1.895

_ 3.355 _ 1.860
3.250 1.833

3.169 1.812

3.106 1.796

3.055 1.782
3012 (%

2947 1.753
2921 1.746
2898 1.740
2.878 1.734
2.861 1729
2845 1.725
2.831 1721
2819 1717
2.807 1714
_ 2.7971 _ 1711
2787 1.708
27719 1.706
2m 1.703
2.763 1.701

2.756 1.699
2.750 1.697

2704 1.684

— Kénsas

2617 1.658

257 AL et

Department of Transportation
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Example Problem - Case 2

t=1.319 t .= 4.604

t<t.

Cri
Thus, we assume that the sample means are equal and

the two sample sets did come from the same population

Kansas

Department of Transportation
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Example Problem - Case 2

Contractor Data

KDOT Data

6 97 98

Kansas

Department of Transportation
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Example Problem - Case 2

Conclusion for t-test

t=1.319 t oy =4.604

- Since ¢ < t,,, assume the sample means are equal

« Even though variances were assumed not equal as
result of F-test, the t-test indicates that the sets of
tests results came from populations (lots) that had the
same mean

Kansas

Department of Transportation
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Comparison Testing
Objectives

sLearn and execute the t-test for variances are equal
*Learn and execute the t-test for variances not equal

Kansas

Department of Transportation
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Takeaways

« Comparison testing is a two-step process
» F-test (Page 1-2; Table 1 — Pages 3-4)
« t-test (Page 2, 5-6; Table 2 — Page 7)
» F-test
» Compares variances
» Tells you which t-test to perform
 t-test
« Compares means
* There are two types based on if the F-test passes or fails
» Decisions are made based on whether the t-test passes or

=il
Kansas

Department of Transportation
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Practice Problems

Statistics

Kansas

Department of Transportation

Question 1 - Given

The contractor has the following air void data from lot 8. What is the mean,

standard deviation, and variance?

Contractor
Sublot  Air Voids

(%)
8A 5.06
8B 4.73
8C 4.19
8D 3.64
8E 2.75

Kansas

Department of Transportation




Question 1 - Solution

The contractor has the following air void data from lot 8. What is the mean,
standard deviation, and variance?

Contractor
Sublot  Air Voids
(%) n=5

8A 5.06 =

8B 4.73 X= 4.07%
8C 419 i o
8D 3.64 g Uioge
5 o $?= 0.85%

Kansas

Department of Transportation

Question 2 - Given

The contractor has the following air void data from lot 8. The Upper Spec Limit
(USL) is 5.25% and the Lower Spec Limit (LSL) is 2.75%. What is the Lower
Quality Index, Upper Quality Index, and the Percent Within Limits?

Contractor n=>5 e (USL — X)
Sublot  AirVoids o _ ‘. s
(%) X = 4.07% _
8A 5.06 S= 0.92% o= (X — LSL)
8B 4.73 v ] L5 e
8C it B R ek
8D 3.64 LSL = 2.75%  PWL=(PWL,+ PWL,)-100
8E 2.75
USL = 5.25%

Kansas

Department of Transportation




Question 2 — Determine Quality Indices

The contractor has the following air void data from lot 8. The Upper Spec Limit
(USL) is 5.25% and the Lower Spec Limit (LSL) is 2.75%. What is the Lower
Quality Index, Upper Quality Index, and the Percent Within Limits?

Contractor

Sublot  Air Voids

(%)
5.06
4.73
4.19
3.64
2.75

8A
8B
8C
8D
8E

X = 4.07%
S= 0.92%

32
LSL
USL

0.85%
2.75%
5.25%

(5.25 — 4.07)

u= 7092

(1.18)
Qu 0.92
(4.07 — 2.75)
0.92

(1.32)
Kansas

Department of Transportation

dL

QL

n=>5
Qu=1.28

PWL,;=91.29

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

Quality
Index

Percent Within Limits for Selected Sample Sizes

Quor Qu

N=6

N=7

N=8

N=9

N=10

N=15 N=20 N=30 N=50 N=100

1.18
1.19
1.20
1.21
1.22
1.23
1.24
1.25

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
1.26| 100.00 92.00
1.27] 100.00 9233 91.04
1.28%9%—9%67—@
1.29| 100.00 9300 91.54
1.30] 100.00 93.33 91.79
1.31] 100.00 9367 92.03
1.32| 100.00 9400 92.27
1.33| 100.00 9433 92.51
1.34| 100.00 9467 9275

89.33
89.67
90.00
90.33
90.67
91.00
91.33
91.67

89.
89.
90.03
9(q.
90.

88.53
88.77
89.01
89.25
89.49
89.72
89.96
90.19
90.42
90.64
90.87
91.09
91.31
91.52
91.74
91.95
92.16

88.44
88.67
88.90
89.13
89.35
89.58
89.80
90.02
90.23
90.45
90.66
90.87
91.07
91.28
91.48
91.68
91.88

88.39
88.61
88.83
89.06
89.27
89.49
89.70
89.91
90.12
90.33
90.53
90.74
90.94
91.13
91.33
91.52
91.71

88.35
88.57
88.79
89.00
89.22
89.43
89.64
89.85
90.05
90.25
90.45
90.65
90.84
91.04
91.23
91.41
91.60

88.32
88.54
88.76
88.97
89.18
89.39
89.59
89.79
90.00
90.19
90.39
90.58
90.78
90.97
91.15
91.34
91.52

88.25
88.46
88.66
88.87
89.07
89.27
89.47
89.66
89.85
90.04
90.23
90.42
90.60
90.78
90.96
91.14
91.31

88.21
88.42
88.62
88.82
89.02
89.22
89.41
89.60
89.79
89.98
90.16
90.34
90.52
90.70
90.88
91.05
91.22

88.18
88.38
88.58
88.78
88.97
89.16
89.36
89.54
89.73
89.91
90.10
90.28
90.45
90.63
90.80
90.97
91.14

88.15
88.35
88.54
88.74
88.93
89.12
89.31
89.50
89.68
89.87
90.05
90.22
90.40
90.57
90.74
90.91
91.08

88.12
88.32
88.52
88.71
88.91
89.09
89.28
89.47
89.65
89.83
90.01
90.18
90.36
90.53
90.70
90.87
91.03




n=>5
Q. =1.43
PWL, = 94.77

Table 2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure
Standard Deviation Method
Quality
Index Percent Within Limits for Selected Sample Sizes

QuorQul N=3  N=4 @@ N=6 N=7 N=8 N=9 N=I0 N=I5 N=20 N=30 N=50 N=100
1.35| 100.00 9500 9298 9237 9208 9190 91.78 91.70 91.48 91.39 9131 91.24 9119
1.36| 100.00 9533 93.21 9258 9227 9209 9196 91.88 9165 9156 91.47 91.40 91.35
1.37| 100.00 95.67 93.44 9278 9246 9227 92.14 92.05 91.82 91.72 91.63 9156 91.51
1.38| 100.00 96.00 93.67 9298 9265 9245 9232 9223 9199 9188 91.79 9172 91.67
1.39| 100.00 96.33 9890 93.18 9283 9263 9249 9240 9215 9204 9195 91.88 91.82
1.40| 100.00 96.67 94.12 93.37 93.02 9281 92.67 9256 9231 9220 92.10 9203 91.98
1.41| 100.00 97.00 9434 9357 93.20 9298 9283 9273 9247 9236 9226 92.18 92.13
1.42| 100.00 9733 9456 93.76 9338 93.15 93.00 9290 9263 9251 9241 9233 92.27
@ : 94.77| 9395 9355 9332 93.17 93.06 9278 9266 9256 9248 9242
1.44| 100.00 98.00 9498 94.13 93.73 9349 9333 9322 9293 9281 9270 92.62 92.56
1.45| 100.00 9833 95.19 9432 9390 93.65 93.49 9337 93.08 9296 9285 92.76 92.70
1.46| 100.00 9867 9540 9450 9407 9381 93.65 93.53 9323 93.10 9299 9290 92.84
1.47| 100.00 99.00 95.61 9467 9423 9397 93.80 93.68 9337 9325 93.13 93.04 9298
1.48| 100.00 9933 9581 9485 9440 94.13 93.96 93.83 9352 9339 93.27 93.18 93.12
1.49| 100.00 9967 96.01 9502 9456 9429 94.11 9398 9366 93.52 93.40 93.31 93.25
1.50| 100.00 100.00 96.20 95.19 9472 9444 9426 94.13 9380 9366 93.54 9345 93.38
1.51| 100.00 100.00 96.39 9536 9487 94.59 9440 9427 9394 93.80 93.67 93.58 93.51
1.52| 100.00 100.00 96.58 95.53 95.03 94.74 9455 9441 9407 9393 93.80 93.71 93.64
1.53| 100.00 100.00 96.77 9569 95.18 94.88 9469 9455 9420 9406 9393 9383 93.76

Question 2 - Solution

The contractor has the following air void data from lot 8. The Upper Spec Limit
(USL) is 5.25% and the Lower Spec Limit (LSL) is 2.75%. What is the Lower
Quality Index, Upper Quality Index, and the Percent Within Limits?

Contractor
Sublot  Air Voids

(%)
8A 5.06
8B 4.73
8C 4.19
8D 3.64
8E 2.75

n=>5
X=4.07%
S= 0.92%
S?2= 0.85%
LSL = 2.75%
USL = 5.25%

PWL = (PWL, + PWL,) - 100
PWL = (91.29 + 94.77) - 100
PWL = (186.06) - 100

PWL = 86.06

Kansas

Department of Transportation




Question 3 — Test #4

The contractor has the following air void data from lot 8. What is the 4 point
moving average for test #4 and test #57?

Contractor
Sublot  Air Voids

(%)

X1+ 8A 5.06

X2 8B 4.73

X3: 8C 4.19
Xa: 8D 3.64 |

X5: 8E 2

xmai i

xma4_ B

xma4 B

xma4_

xi+x(—1)+x(@—2)+x(—3)
1 4

X, t+ X3+ x,+ x4
N 4
_3.64+4.19 +4.73 +5.06

4

17.62
il T =(4.40%

Kansas

Department of Transportation

Question 3 — Test #5

The contractor has the following air void data from lot 8. What is the 4 point
moving average for test #4 and test #57?

Contractor
Sublot  Air Voids

(%)

X1: 8A 5.06
Xz: 8B 473 |

X3: 8C 4.19

X4: 8D 3.64
X5: 8E 2.75 |

xmai N

xma5 3B

xma5 B

xmas

xi+x((—1)+x({—2)+x({—3)
1 4
Xt x, a3+
4
_2.75+3.64 +4.19+4.73

4

_ 1531
. 4 T\ 0

Kansas

Department of Transportation
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Question 4 - Given

The following in-place density data has been calculated from two different sets
of test results from lot 9. The first set is from the contractor quality control tests
and the second set of data is from KDOT verification tests. The Lower
Specification Limit is 91.00%. Use a level of significance (a) = 1%.

Contractor KDOT
Sublot Density Sublot Density
(%G ) (%G )

9A1 92.10 9A 91.84

9A2 93.33 9B 92.66

9B1 90.72 9C 91.87

9B2 91.15 9D 89.68

9Cl1 92.27 9E 91.49

9C2 92.23

9D1 89.51

9D2 91.15

9E1 91.84 ansa

11

Question 4 — Steps to Solution

From the in-place density data from lot 9, Determine the following:
1. The Basic Statistics for both sets of data.
2. Determine if the t-test passes or fails.
3. If the t-test passes, use the Contractor’s data to determine the Percent Within
Limits.
4. If the t-test fails, use KDOT’s data to determine the Percent Within Limits

Kansas

Department of Transportation
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Question 4 — Basic Statistics

From the in-place density data from lot 9, Determine the following:
1. The Basic Statistics for both sets of data.

Contractor KDOT
Sublot  Density Sublot Density
(%G ) (%G )

9A1 92.10 n, = 10 n,=5 9A 91.84

9A2 93.33 ; J 9B 92.66

9B1 90.72 X, =91.56 X, = 91.51 9C 91.87

9B2 91.15 S, = 1.04 S, = 1.11 9D 89.68

9C1 92.27 ] s 9E 91.49

902 9223 s~ =1.08 s, =123

9D1 89.51

9D2 91.15

9E1 91.84

9E2 9127 Kansas

Department of Transportation
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Question 4 — F-test

From the in-place density data from lot 9, Determine the following:

2. Determine if the t-test passes or fails.
Compute F-statistic value: Foo S 1.23

Determine Fz/p

Determine Degrees of Freedom
G nf'='5, thusdf = 5-1=4 From Table 1 in 5.2.6:

num num

df,, :n, = 10, thus df,, =10-1=9 Fepir=17.96

Since F (1.14) < F o4;7(7.96), use the pooled estimate for variance and
pooled degrees of freedom when calculating the t-statistic

Kansas

Department of Transportation
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Question 4 — t-test

From the in-place density data from lot 9, Determine the following:

2. Determine if the t-test passes or fails.

Compute t-statistic value:

. 2(n, =1)+ s2(n, -1
Calculate the pooled variance: s = soln. =)+ 5i(n, —1)

n,+n,—2
5,2 = 1.08(10-1) +1.23(5-1) Iy 9.72 +4.92 5,2 = 1.126
10+5 -2 13
Compute t-statistic value
X, -X [
pe e Tl | 91.56 - 91.51] ol | 0.05 | _ 0.05 t = 0.086
s, % 1126, 1126 0.1126+0.225 0-581
n, on - 10 5 '

Kansas

Department of Transportation
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Question 4 — t-test passes

From the in-place density data from lot 9, Determine the following:

2. Determine if the t-test passes or fails.
Determine ¢,

t =0.086
Pooled Degrees of Freedom=n,+n,-2 =10+5-2 =13
Level of Significance (a) = 1% (Given)

From Table 2 in 5.2.6: t 5= 3.012

Since t (0.086) < tg;r (3.012), The t-test passes, the sample means are assumed
equal and the contractor’s test results are used for the pay adjustments.

Kansas

Department of Transportation
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Quality Level Analysis

Concept of Percent Defective

Single Limit Specification

Percent Within Limits
Percent Defective

N

Q Kansas

L O Wef' Limit Department of Transportation
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Question 4 — Percent Within Limits

From the in-place density data from lot 9, Determine the following:
3. Ifthe t-test passes, use the Contractor’s data to determine the Percent Within
Limits.

Using the contractor’s data we have: X =91.56% s =1.04%

n=10 LSL = 91.00% (Given)
~ (X - LSL)
L EES
(9156 -91.00) _(056) _ 5 _ 54
L 3 1.04 L

Enter Table 2 in 5.2.1 with Q; =0.54 and n = 10 === PWL; =70.02%

Kansas
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Question 4 - Recap

From the in-place density data from lot 9, Determine the following:

1.

The Basic Statistics for both sets of data.

2. Determine if the t-test passes or fails.

If the t-test passes, use the Contractor’s data to determine the Percent Within
Limits.
If the t-test fails, use KDOT’s data to determine the Percent Within Limits

Kansas

Department of Transportation
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