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What's in the Pipeline?

» WISDOT Is implementing statistical acceptance on
HMA paving projects

» The chosen measure of acceptance is Percent
Within Limits (PWL)

» Changing to the PWL system encourages the

material to be produced and placed on target and
with consistency

» PWL measures mean (average) and standard
deviation (variance)




PWL

» Estimates the percentage of material within
specification limits
= Assumes normal distribution

1.0
or 100%




PWL

» Efficiently captures mean and standard deviation
In one quality measure

X - mean
S - standard deviation




Benefits of PWL

» More discerning than other quality measures

» Efficiently captures the mean and standard
deviation into one measure of quality

» Encourages Uniformity

= Controls both the average level and variability of the
product in a statistically efficient way

= Variability is a predictor of performance




Why would you pay more than
100% for a pavement product?

» Incentives give the bidding advantage to the better

contractor
= They know they can meet the incentive requirements

* They can reduce the bid price by some portion of the
Incentive

» Reduces inspection time and cost
= No time spent on rework

» Reduce delays due to rework
= Open to the public sooner




PWL is an acronym for PERCENT
Within Limits

Because It Is Impractical to test 100% of the material
produced, PWL uses statistical analysis to evaluate
material tested at a lesser frequency and
extrapolates to estimate results as if ALL material
was tested. It allows for estimating the percentage
of material that is most likely to fall within acceptable
limits, based on this “extrapolation.”




Definitions/Terminology

» Normal Distribution
» Average, Mean

» Standard Deviation
» Variance




Normal Distribution

» Pattern formed iIs referred to as Normal Distribution

» Properly obtained statistical sample for an entire lot
of most construction material will form a
Normal Distribution Curve

N N S N S )



Standard Deviation

» A measure of the variability (i.e. spread) of data




Standard Deviation

» Sample standard deviation (s)

> (X;- X)?
n-1

S =

Computes the difference from the average, (Xi—7()




—e—0QC

- -\Warning Band

-Warning Band

= +JMF Limits

m QV

Vi

\

Va Control Chart --- High Variability

7

Vi

\

F\_

/

Fr==

L\.

9.5

8.5

7.5

6.5

5.5

o\

4.5

3.5

2.5

15

0.5

¢t

i1 T-¢t
1 €TT
1¢T1T

1 T-1T
1 €-0T
i1 ¢0T

{vor
{e6
{z6
{+16
{te

{+z8
KA:
R
{22
{+12

1€9
129
1 +T-9
1 T-9
1 t€-9
1 €-§
126G
1T-S

1¢v
i1 T-v
1T-€
1T-¢

T-1

T O
C [
o B L2
22EE
S 7
O 8 &8 >
32330
ANk
i
>
=
o)
®
.nm
a
>
=
(o)
i
b
| -
®
Nem
Q
o)
| V-
dd
o
()]
@)
®
>
n Ln Te] Lo
& 6 ~ &




PWL (Percent Within Limits)

or uniformity.

N onuniformly
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Data within * Standard Deviation




Testing Targets and Limits
Based on Normal Distribution

» Specifications normally identify targets and/or
limits for individual quality characteristics

» Specification limits should

®
. . o
be based on the principle of e o o
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Validation

Definition
The mathematical comparison of two
Independently obtained sets of data to

determine whether it can be assumed they came
from the same population




Validation

VALIDATION

Independent Field Sample Locations l
P > 2

 When comparing the two data
sets for validation:

— Itis important to compare
both the means and the

variances
— A different test is used for i =
each of these properties
« Can identify differences in test =3
results that can result in = N

COMPARISON:

significant difference in payment F rEST




Statistical test used for Validation

e Two Tests
— F-test compares variances
— T-tests compare means




Statistical analysis

F- and t-tests:

» Statistical tools to determine If two data sets are
from the same population (do they compare to
each other)

» Compares the variance (F-test) and the mean (t-
test)

» Requires a minimum of 3 tests to run
= 3 lots (15 QC tests and 3 QV tests)




e Statistical tests are conducted at a selected

level of significance, alpha (a)
— Recommended range is between .01 and .05

If 0.025 is used and the two sets of data do not
compare, then there is only 1 chance in 40 that
they actually do compare and was rejected in error

(“false alarm”) 1/40 = 0.025




Conducting the F- and t-tests

These tests can identify a
difference...

but not a cause




Sources of Variability
Matend\  Process Samp\\\\g Testmg

Material Process Sampling Testing

Composite
Variability




“This all seems a bit complicated. How does this
change my job?”

~Most of the People in this Room




INGLE-LIMIT SPECIFICATION
DISTRIBUTION OF CHARACTERISTIC OF INTEREST

percent

Density




When will it be used?

» Pilot projects in 2016 construction season
» Goal is 1 pilot project per Region

» Implementation beginning 2017
= Will evaluate Pilot Project data
- Adjustments may be needed before full implementation
= Round 1: projects with > 11,250 tons per mix type

= Round 2: lower threshold to use PWL with smaller
tonnage projects




PWL specification attempted to
keep as much of the current
practices in place.

» Here are some major changes:

= Density gauges will be correlated to cores during a test
strip

* VVolumetric testing between QC & QV will need to match
each other

= QC team will test same material as QV team




What's New?

Current QMP PWL
» 4 point running average « Statistically based (Individual
» Volumetrics tests)
= Lot size, currently * Volumetrics:
variable * Lot size = 3750 ton
(600, 900, 1200, « Sublot size = 750 ton
5 1500, etc) . Densities
» Densities - Lot sizes will not change with
= Lot sizes will not change PWL
with PWL * QV tests become more.
statistically meaningful in new
system
» Nuclear Gauges are not * Nuclear Gauges will be correlated
correlated to specific mix to specific mix for each layer

(cores)




Details of PWL

» Test Strip

= Approx. 750 tons
- Volumetrics: 3 samples @ 50-250, 251-500, and 501-750 tons
- 4-way split: QC, QV, QC retained, & QV retained
- Density: used for correlation with cores @ time of Test Strip
- Core/Gauge Correlation: 2 zones @ 50-400 and 401-750 tons




Test Strip — A Closer Look

The following shall be determined at each
of the five locations within both zones:

. . . - two one-minute nuclear density gauge
Density Testing Zone of Approximately 50 lane ft readings for QC team*

/\\ - two one-minute nuclear density gauge

/ \ readings for QV team*
(0]

- One pavement core sample

Outermost locations to be kept
approx. 1 ft from edge of lane
(0]
o] «— Middle lgcations (@ approx.

Center Line of Lane

(0] — Intermediate locations to be at

Paving Direction approx. third points transversely
(0]
¥ AN 7 AN 7
¥ v v v NUCLEAR SITE
~10f ~10ft ~10f ~10f

Centered @
Random Locations 1 & 2
(identified by the Engineer)




Details of Wisconsin’s PWL

» Main Production
» Defined as any material beyond test strip
- Density
-+ Sublots @ 1500 LF, Lots @ 7500 LF (5 sublots per lot)
- 15 QC, 5 QV locations per lot
- Incentive will only be for the travel lane (12 feet)

- Shoulders, intersections, ramps, etc. will be accepted by
department testing




Main Production — Density

1 lot (7500 lane ft)

Division of lane
-—- width into
approximate thirds
for distribution of
transverse random
numbers

, Sublot 1 Sublot 2 Sublot 3 Sublot 4 Sublot 5
*‘;i : (1500 In ft) (1500 In ft) (1500 In ft) (1500 In ft) (1500 In ft)




Lot Date AC Tests “":.::::mn %ﬁﬂﬂ I;:::Itl
3| 14| 9042014 | s
318 | 9042014 | 956 3490
3l 1c | 9042014 | sam
324 | 9042014 | sm00 34.20 |
328 | 90404 | m |
3120 | 9042014 | 4w !
3 34| 9052014 | g7
338 | 9052014 | 9zes
3 3c | 9052014 | 923 3190
I4A | 9102014 | s 953
3 4B | 9102014 | 547
34C| 9102014 | 9m 06
3| 5 | a10014 | sz 9327
358 | 9102014 | 9429
3l 5C | 0014 | 923 Pass Pass
Layer
Thickness |\ €r0¢
X Unit Price
| Density (inches)
DoT Humber of .
Lot | pate |COMMEON)\ o rification | S | Mean | Testsin | Qualiyindex |  PwL PF,  |LotSize(Ton)| DEMSPH 1o s
QC Test Deviation Adjustment
Test Lot
3 14| 942014 | 9475
318 | 942014 | 9596 94 90
310 942014 | 9391
3/ 24| 942014 | 95.00 g4 20
3|26 | 942014 | 9327
320 942014 | 9447
3134 952014 | 9147
3138 | 952014 | 9288
3130 9E2014 | 9333 91,90
344 | 9/10/2014 | 9570 95 63
348 | 9/10/2014 | 9547
340 | 910/2014 | 95.06
3 54| 9102014 | 9283 93.27
3|58 | 9/10/2014 | 9429
350, 9102014 | 9339 125093 | 94.10083 15 20791 98 7558 10350 [ 112000 5156904




Dispute Resolution - Density

Statistical analysis performed on QC & QV nuclear
gauge data:

1. If data compares, QC data used in subsequent
calculations

2. If data does not compare, QV data used In
subsequent calculations




Details of Wisconsin’s PWL

» Main Production

= Any material beyond test strip

- Volumetrics
- 3-way splits for QC, QV, & retained
« Sublots @ 750 tons, Lots @ 3750 tons (5 sublots per lot)
- 5QC, 1 QV test per lot




Air Voids
tor | Dwe | @G Tens | Yeowon | oG tuss | qures Mmberof Nemberof | Vaters | Mesws | 1o
14 | 6012014 2475 | 2475
18 | 6022014 | 2488 2469
1C | 6032014 | 2477 2477
10 | 6042014 | 2488 2485
1E_| 8/07/2014 | 2487 2457
ZA | BI012014 | 2484 2464
2B | 60272014 2482 | 2482
2C | B032014 | 247 2471
20 | 8042014 | 2473 2473
2E | BI07/2014 | 2470 2.470
35 | 6012014 | 2474 2474
3B | 6022014 | 2489 2.469
3¢ | emazo14 2472 | 2472
30 | 8042014 | 2470 2.470
3E | 6072014 | 247 2476 I 12 3 Yes Yes
44 | BI012014 | 2487 2467
48 | 60202014 | 2470 2.470
4C | Bl0a2014 | 24 2483
4D | 6/04/2014 2471 -
4F | BIOT2014 | 2477 2477 18 4 Yes Yes
SA | BI01/2014 | 2468 2468
5B | 6022014 | 2483 2.483
sC | 80302014 | zam 2481
5D | si04rz014 2474 H
SE | 6072014 | 2472 2473 20 5 Yes Yes




PWL Air void payment calculated
from Gmm & Gmb data

Project1234
Air Voids
Contractor | Department . Air Voids Pay Use Contractors

Lot | Date | o test | QvTest UL PFay  |LotSize(Ton)| o ctment Test?
14 812014 2.83 2.85

1B BI22014 287

1c BI32014 336

10 Gdi2014 414

1E BITI2014 4.80 72.93 01.47 3750.00 ($12,795.00) Yes
24 BI3/2014 3.05

2B G92014 347 287

2C 61052014 363

2D 6/11/2014 3.36

2E GM2/2014 3.66 99.89 103.598 3750.00 $5,540.00 es
3A | 8132014 379

3B 61472014 366

3c 1152014 417 2.30

3D GM6/2014 420

3E BM7I2014 3.82 100,00 104.00 3750.00 25 000.00 Yes
448 | eMa2014 3.55

4B g192014 3.43

4C G20/2014 360

4D 2102014 3.89 325

4E 222014 3.65 100,00 104.00 3750.00 25,000.00 es
A | 6232014 3

aB B24/2014 4.51

aC G252014 455

5D G/26/2014 4.04 299

B27I12014 377 95.38 10215 3750.00 $3,225.00 Yes
Total £8,370.00




Dispute Resolution - Volumetrics

Statistical analysis performed on Gmm & Gmb. If
F- or t-test do not compare, proceed as follows:

1. Bureau referee tests retained portion of split
sample
* Run secondary statistical analysis
= |[f data compare, QC data is reliable

* |f data does not compare, QC or QV data is suspect.
Proceed to #2

2. QV tests run on remaining 4 sublots

= 4 QV and 1 referee test results used in subsequent
calculations




» For volumetrics, contractor will be able to dispute
a lot. Bureau will test the material

= |[f Incentive increases, department will cover costs

= |f incentive decreases, contractor will pay $2000 per lot




Yariances Means

Lot Date GQC Tests QY Test Compare? | Compare?

14 Gi172014
18 8022014 2.488
1C 8032014 2477
10 6042014 2.485
1E B072014 2487
24 G0a2014 Z£.454
2B aMo2o14
2C 8112014 2471
20 6112014 2473
ZE 6/11/2014 2470
34 61172014 2474
g GM22014 2.4585
c 6122014
30 6132014 2470

| BN

3E 6132014 2475 Wes Wes
448 8142014 2487

4B 6152014 2.470

4c 61532014 2,488

4an 8152014

4E 6M16/2014 2477 es es
24 6172014 2.488

2B 6172014 2.483

3 G204 2.481

= 6182014

aE 6182014 2473 HO Wes

= Teileng paifoirmsd By (o FMagon
® Testing performed By the Referes thind party (BTS)
& O randem producton sample

[ = =t 10 be usea in pay determination for the it




Lot Date QC Tests | QY Test Ez:::pn;:ig? E:::::rge?
1A | 6012014 | 2475

1B | e/0z2/2014 | 2469

1C | e/m3zo1s | 2477

10 | e/04/2014 | 2466

1E_| sio7i2014 | 2467

2A | 6/09/2014 | 2464

2B | 61102014 | 2432

2C | 812014 | 2.471

20 | 612014 | 2473

26| sM12014 | 2470

3A | 612014 | 2474

3B | eMz2014 | 2469

C | 6122014 | 2472

30 | er3zo1s | 2470

3E | enazois | 2476 Ves Ves
4A | 6M4Z014 | 2467

4B | 8Ms;R014 | 2470

4C | 6Ms/014 | 2468

4D | 61152014 | 24m

4E | sMerR014 | 2477 Yes Yes
SA | 672014 | 2468

sB | 672014 | 2483

sc |erTeoe o243 0 |

5D | 611812014 2479

sE | enarzoia [ 2473 Yes Yes

= Tptey paroresd by o Fagpon
= Testing padormed by the Referas thind party [BTS)
= O random mroductson sample

[ === to be used in pay determination for the lat




Yariances Means

Lot Date QLC Tests QY Test Compare? | Compare?
1A | 6/01/2014 | 2475

1B | 60272014 | 2.469

1C | 6032014 | 2477

1D | 6042014 | 2.485

1E_ | 607/2014 | 2457

25 | 6I09/2014 | 2464

2B | &10/2014 | 2482

2 | enzoie | 247

20 | enzo14 | 2473

2 | snz014 | 2470

34 | BA1Z014 | 2474

3B | 6M2/2014 | 2489

3¢ | 8122014 | 2412

30 | 6132014 | 2470

3E | 6M32014 | 2476 Yes Yes
44 | 614/2014 | 2467

48 | 6152014 | 2470

4c | Bns2014 | 2488

40 | 6152014 | 2411

4 | sner014 | 2477 Yes Yes
54 | 6172014 | 2488

5B | 6M7/2014 | 2.483

5C | 6M7/2014 | 2.481

5D | 6M18/2014 2.451

SE | 6132014 | 2473 NO Yes

= Tty piformsd By el FHageon
= Testing perfiormed key the Refieres third party (BTS)
& C randem producton sample

[ ==t to be used in poy determination for the lat




Lot Diate QC Tests QY Test
1A | 60172014 | 2415
1B | 6/02/2014 | 2469

1C | 6/03/2014 | 2477

1D | 6/04/2014 | 2466

1E_ | 607/2014 | 2467

24 | 6/09/2014 | 2464

2B | 6110/2014 | 2482
2C | 6112014 | 2471

2D | 6112014 | 2473

2E | 6112014 | 2470

38 | 61172014 | 2474

38 | 6122014 2.469

3c | e12/2014 | 2472
30 | 6M13/2014 | 2470

3E | 61132014 | 2478

44 | 6/14/2014 | 2467

4B | 6/15/2014 | 2.470

4C | 615/2014 | 2.468

4D | 6/15/2014

4E | 6Mei2014 | 2477

SA | 617/2014 | 2468

5B | 6M17/2014 | 2483

5C | 6M17/2014 | 2.481

5D | 6M8/2014

SE | 6182014 | 2473

= Toideny paifoirsd by e Fagon
= Testing performed by thee Riefierse thind party (BTS)
& O randem producton sample

[ ===tn to be uzed in pay determination for the ot




PAY FACTOR FOR HMA PAVEMENT AIR VOIDS & DENSITY

PERCENT WITHIN LIMITS PAYMENT FACTOR, PF
(PWL) (percent of contract price)
> 90 to 100 PF=((PWL-90)*0.4)+ 100
>5010 90 (PWL*0.5) + 55
<50 50%!1]

where,
PF is calculated per air voids and density, denoted PFair voids & PFdensity

i Any material resulting in PWL value of 50 or less shall be removed and replaced, unless the
engineer allows for such material to remain in place. In the event the material remains in place, it will
be paid at 50% of the contract unit price.




Pay Adjustment = (PF-100) x (WP) x (tonnage) x (unit price)
The following weighted percentage (WP) values shall be used for the corresponding parameter:

Parameter WP

Air Voids 0.5
Density 0.5




Example of Incentives

At the maximum 4% incentive:

» %2 of 4% assigned to Air Voids
= $6,000 per lot incentive (3750 tons)
(Assuming $80/ton unit price)

» 2 of 4% assigned to Density
= $1,790 per lot incentive (1120 tons)
(Assuming two inch thickness)




The future:

» Contractors across the state receive the maximum
4% incentive, $$$$$$

» This would mean that Wisconsin pavements will
last a significant amount longer which will more
than pay for the cost of the incentive




Questions/Comments




