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ABSTRACT

Automotive cushion hardness is a critical propéhat has to be closely controlled by PUF manuf&ess in order to
ensure occupant positioning during driving and anfmaintenance. Since the inception of flexildarh seating, initially
using rubber latex foam, through to the use of higiliency (HR) polyurethane foam cushions, pardhesses have been
measured using several types of testing regimes nidst common hardness test calls for a part todented to a specified
deflection, e.g. by 50% of its initial thicknessidathe force after a specified dwell time is reemtdMany OEMs specify
hardness at 25, 40, 50, and /or 65% deflection #ithforce(s) recorded in Newtons. This is commaneffierred to as
Indentation Force Deflection or IFD. Other hardnesthodologies have been or are in use. For instdREGL (Indentation
Residual Gauge Length) was used by Ford Motor Compatil several years ago and recently Johnsortr@sn Inc.
introduced and specified CPF (Constant Penetrd&i@mue) hardness. IRGL calls for selected forcelset@pplied to a part
and the residual thicknesses under the indentereateded in millimeters. In contrast, the CPF tgsicifies that the foam
part be indented by selected distances, e.g. 2@mchthe force in Newtons recorded. Many other hesdiiests are in use
throughout the PU industry, from standardizatiogamizations and even from individual companies.

An extensive review of foam hardness methagie has shown more than fifty different tests. Soomly differ
marginally from each other but very different résuhay result. A working group from the Molded Foamustry Panel
(www.moldedfoam-IP.orgjeviewed these tests and in 2006 presented dial work on hardness testing. At that time, four
laboratories contributed results for a number afiayrades using IFD, IRGL and CPF methodologies.

Our most recent investigations have been caemplby six laboratories most of whom are 1SO1702& exited. Foam
grades covering a very wide range of automotive gansities and hardnesses have been evaluatedowitldifferent test
methodologies by each laboratory. The data has bebjected to thorough analyses to determine wafcthe selected
hardness tests produced the least variation intselBatween and within laboratories. Since all le#se tests essentially
involve indenting the foam using a specified deftat, specified force or a known distance, therusth be reasonably good
correlation between the results. However, it mesbbrne in mind that minor differences, e.g. hajdin not holding a force
at a specified deflection, can result in quiteati#t hardness values.

Foam part firmness will be shown to be a reallynexact science if performed using state-of-thteeguipment, in a
controlled laboratory environment and using wedliiied operators.

INTRODUCTION

Hardness testing of flexible polyurethane foahas always had reproducibility and repeatabilityues within the
automotive seating industry and so the Molded Ftadustry Panel decided to try to develop and recendran improved
testing methodology. A planned ‘gauge R&R’ typadst on four test methods was carried out on a walaple set of
flexible polyurethane foam test blocks. Even witat we thought were very complete instructiongwming the tests, we
had much wider than expected variations betweesithtest labs that participated. A number of setevere carried out to
try to improve the results, but in most cases és¢ labs simply reproduced their initial resulte thus verified many of the
industry issues that currently exist with flexilitem hardness testing. These results led us &siigate the many reasons
for this variability. While our objective for amproved testing methodology was not brought totifrnj we achieved a
more complete understanding of the selected tethads and the sources of test variation within ouzsi polyurethane
flexible foam systems.

EXPERIMENTAL BACKGROUND & SETUP
Hardness Test Methods Selected

While there are many different test methodsetednine hardness of polyurethane flexible foanesselected the four
methods described in detail below:

1. Indentation Force Deflection, IFD-ASTM
+ ASTM D3574-08, Test B1
This test is a historical standard for the industigasuring the force at various deflections infoaan cushion. Typical
test deflections run are 25, 40, 50, and 65%. T3 2leflection value often is used by the slabstackistry as the
definition of foam hardness, but the higher deftett of 40 or 50% are more often used for autorsagwating. For this
study, we selected deflections of 25 and 50% wit-@econd dwell time

2. Indentation Residual Gauge Length, IRGL & IRGLModified
e ASTM D3574-08, Test B2-IRGL: (Original test definedSAE J815)
The original test was used some time ago byrtrd Motor Company but was replaced by the IFD 4&80% deflection.




The purpose of this method was to identify #sidual foam thickness remaining at a given lodd¢hvcan be then
correlated to the H-point seating performande lhe method specified forces of 110 and 220ypictl of the soft foams
used in seating at that time. For this studyused a modified version with test loads of 100,, 300, 400, 500 N to cover
the harder grades of seating foams typicallylusday. This test also uses a 60-second dwedl &itihe load test point
before recording the residual thickness of #s¢ sample.

3. Constant Penetration Force, CPF
¢ CPNM-MOS-WI-10-04-02-E
This method is used by Johnston Controls, Inc.iagscribed fully in a Johnson Controls Work lastion [2]. Itis a
simple and fast test that preflexes the sampletitmes by 75% deflection. Immediately following thee-compression
cycles the sample is indented by 75% deflectionthadest points at indentations of 15, 20, andn#bare taken as well
as the hysteresis loss (see Appendix Fig 13). PIe value at 20 mm is defined as the CPF hardrigbe sample. The
ratio of the 25 mm value divided by the 15 mm valeéines the ‘Comfort Index’.

4. IED-Industry Panel Modified, IFD-IP Mod
The objective of this test was to shorten the diz&sat time compared with the standard IFD-ASTIgt tey running at a
faster crosshead speed of 500 mm/min, using fi%é @&flection preflexes in place of two, eliminatithg recovery
period between preflex and test, and using onl§-a&eond dwell at the test points.

Please refer to the summary test methods ineTapivhich lists all the basic setup parametereéfmh test. For all the
tests a standard 203 mm diameter indenter fooused. While there is some commonality in the patanrs, there are also
enough differences that directly impact the resoltined. Thus, the hardness results are cabddatbut different. The
hardness testing of flexible foams is very unlike well-defined compressive strength of engineemiagerials and has to be
a totally defined test.

Table 1
Basic Hardness Test Parameters
Parameter AS?I\?TD’V;;';EBl Irr‘\/(ljc?dsilf:idplaFnDe I ASTM”E?E;M—Bz mgisf::eyd TRagT.I CPN';%E'Z’?'IN'O“
Preflex point 75% 75% 330N 75% 75%
é Number of preflexes 2 5 2 2 2
g Preflex speed 250 mm/min. 500 mm/min. 200 mm/min. 200 mm/min. 300 mm/min.
Zero force after preflex Yes Yes Yes Yes Yes
& _  |Height reference after preflex Yes Yes Yes Yes Yes
§ %’ Height reference preload 45N 10 N 45N 45N 45N
E + Approach speed to ref. height 50 mm/min. 50 mm/min. 50 mm/min. 50 mm/min. 50 mm/min.
” Dwell after reference height 5 min. 0 min. 5 min. 5 min. 0 min.
E Test points 25 & 50% 25 & 50% 45,110 & 220N 4'5':(;)8'528(?',\]300' 15, 20, 25 mm
g Test speed 50 mm/min. 500 mm/min. 50 mm/min. 50 mm/min. 300 mm/min.
c Dwell at test points 60 sec. 30 sec. 60 sec. 60 sec. 0 sec.

“[ Deleted: |




Key Foam Properties
for Nine Flexible Polyurethane Systems
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Figure 1.

Flexible Foam Samples Tested

We purposely selected a wide range of TDI-b&kedble molded polyurethane foams with densitiésabout 32 — 85
kg/m3 with different loadings of graft/copolymerlpal to adjust hardness at the different densitidse nine flexible foam
samples tested were molded rectilinear blocks diithensions of 380 x 380 x 50 mm. A 50 mm thickneas selected, as
it is representative of most automotive seats desigoday.

Please note that this study only deals withhitheiness test variability of a simple molded foast block. An actual
automotive seat would have a more complex geonattsitape and many additional encapsulated elersantsas wires,
hook fasteners and backing material, which woukhtly increase the test error.

The core densities and compression force dafle¢CFD) data were obtained from cut samples atuglicate set of
molded blocks as described in ASTM D 3574-08 [Bhe base foam properties and descriptions of the samples (A-l)
are shown in Figure 1. The hysteresis loss (HIljesmshown here were actually the average results the CPF test for
the six labs that participated. This hysteresss I(see Appendix Fig 13) results do not include@hel minute waiting
period described in ASTM D 3574 Appendix X6.2 f6Dl Hysteresis Loss.

Participating Test Labs

Six test labs participated including two cherhsappliers, two Tier 1s and two foam molders. &al/different versions
of equipment and software were used, five of whighe completely automated and one was semi-autdmateall cases,
the test operators were very skilled with many gedrexperience. However, in some cases the pesators had little or no
experience running some of these tests, e.g. IFBdRified and CPF. The standard IFD-ASTM test wesbably the most
familiar test to all the labs.

Methodology

All foams had achieved a fully cured state amtlerconditioned for at least 12 hours at 23 +/-& 60% +/- 5% relative
humidity before start of testing for each of theda Additionally, the foams were allowed to reaofagr a minimum of 24
hours between tests to allow for recovery of hasdrdue to hysteresis loss during testing.

HARDNESS STUDY OBJECTIVES

Initially, we assessed the data results as aepedifference from the six lab average and catedighe standard deviations
of the results for the six labs. Our hope wasdwehno more than a 2% difference as being fulleptable for a gauge
R&R. However, we had labs with differences of mtran 5% and even up to about 20%. Based on thifeeences it
became meaningless to pursue a strictly statigi&&t with such variation. The objective was chahgeunderstanding the
basis of these variations and we engaged in varietests and revisions. In some cases, we obtasigrdficant
improvements but in other cases, the test labslgiwggified their prior results. This indicatedaththe lab was running a



consistent methodology or program, yet was somewtfi@rent from the other labs. Unfortunately, digl not have the
time to investigate or identify all the sourceghase differences.
In lieu of removing the gauge R&R portion, btill 1 keeping with developing an improved testth@dology we decided
to focus on two objectives for this hardness tgssiudy:
1) Understanding the sources of variation affectepeatability and reproducibility.
2) Understanding hardness results for the diffengethods and the potential of a method to imps®mat design.
We theorized that the variability coalnime from at least three sources:
11) From the method itself and the programming céipabo carry out preflex conditioning, set poirgference
height and test point measurgmall at exact points in time for a series ars &letween all the test labs.
1.2) From the material itself and thelnown visco-elastic response of polyurethanéenials to property
measurements [5].
1.3) Interaction of the method with thaterial response would be a third source of Hseoved variability.

RESULTS AND DISCUSSION
Tabulated Results

The final summaries of R&R test results for kies participating are listed in the Appendix irbles 3 — 7. We actually
had retests of some of the methods by four ofdbhs,Ibut it is not possible to include all thisadaWhile the intention was
to obtain results from all six labs, some labs tade dropped due to their high variances. Please that any labs that
were dropped from the evaluation exhibit ‘strikestigh’ data (line through the data) and are thusieated from the
averages. The percent difference results wereagedras positive absolute values even if they seneetimes negative, so
as not to cancel out the differences. The IRGLItes$n Table 6 and 7 are the raw data for the patiehs in mm into the
foam at the given loads. To convert this dataRGI or the height retained by the foam for eachdldds necessary to
subtract the raw penetration values from the refegdlock height values.

Overall Test Capability

We used the percent difference from the avecdgke participating labs as the primary basisdietermining test method
variability. Secondly, we calculated the averagmdard deviation of the whole series of nine sashples for a given test
lab as another criterion. Based on acceptabilityhef data, six labs were included for the IFD-ASakH the CPF tests,
while five labs were included for the IFD-IP Modifl test. We had to drop the lab having the leagiramming capability
as it led to as much as an 18% positive differdnma the remaining five labs. In the case of BR&L-IP Modified test
and due to time constraints, only three labs watkided out of four, as one lab was a definiteieutl

Initially, we compared the IFD-ASTM, IFD-IP Mdaid, and CPF tests as they all test the force given deflection
whether by percent or mm of penetration. The IRBLWModified method will be treated separately lat&igure 2 clearly
shows that the IFD-ASTM method is the most capalsi@ercent differences were kept below 2% on aeefagall the
samples tested and standard deviations were algo We attribute the good results on the IFD-ASTédttto the lab
personnel’s familiarity of this test and procedurd.is very apparent that the CPF method givehéni standard deviations
than the other two methods. Figure 3 gives a batthcation of the range of the testing variapility showing the average
lowest and highest percent differences for eacthodefor the five or six labs. This shows that soofighe labs were
capable of about a 1% difference, which is an demeltesult. On the other hand, the worst resulinfany of the labs was
about 5%. This means that we should not judgetébe methods solely based on statistical varigbiis there is the
potential for low variability, if we can duplicatdl the test conditions or programming of the gdalos. By dropping the
outlier labs and including those within about a012%6 difference, typically we reduced the averagedard deviations by
about one-half.



Hardness Test Capability of 3 Methods
Based on the Averages on All 9 Blocks
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Material/System Variability

In the next phase of our evaluation, we waritedetermine the variability due to the foam samplemselves, as we
knew we had selected a wide range of foam chewsstriAn initial scan of the individual sample réswhowed that some
samples had quite low percent difference and standaviation, while others tended to have moreatam. It was
apparent that the sample behavior itself was alsmjar factor in the variability and this phenomemeas consistent to all
four test methods. For this analysis, we sortedstimples in order of the softest to hardest fdzased on the IFD-ASTM
50% deflection value, since this value is typicallsed in automotive seating. Figure 4 is a plothef average percent
difference and Figure 5 is a plot of the standadiations for each of the nine samples tested.h Bgtires only show the
results at 50% deflection or 20 mm penetrationtfier CPF method. Note that we have also plottetthese figures the
percent hysteresis loss of the samples in ordexssess how the visco-elastic response of the thdilisamples might
influence the variability.

For a brief explanation of percent hysteresis,|gplease see Figure 13 in the Appendix. Hysgeean simply be
described as the ability of a flexible polyurethémam to return to its original support charactarssafter it is compressed.
This height or hardness load loss is recoverabierdguires some time period to return to its o@dstate.

Our first observation was that sample C hdigaer response than all the other samples. Sa@@ehigh in hardness
and has the highest percent hysteresis loss tiiealbamples tested. The second observation wastiiehigh correlation
between the percent hysteresis loss data and akfiost the other plotted data. Note that the lgraphs for percent
difference for the IFD-IP Modified and the CPF seate almost mirror images of the percent hystedsia and similar very
strong trends hold for the standard deviations.datss initial data analysis strongly supported typothesis that the visco-
elastic response of the samples would be a strongileutor to variability. It is important to notbat the IFD-ASTM test
results are not as strongly correlated with thedrgsis loss of the samples. This is believecetdie to the long rest period
of 5 minutes between preflex and testing and tlo¢ tfaat the test values are measured after a Gihdedwell at the
deflection points. Thus, the IFD-ASTM test madiks influence of hysteresis loss in the measureimgatlowing hardness
recovery after preflexing. The 60-second dwellobefthe hardness measurement is recorded, simagtesson settling
into a foam cushion, thus also diminishing theuefice of hysteresis loss. It appears that thénatigesigners of the IFD-
ASTM test purposely tried to minimize variabilitaiesed by hysteresis loss.

Comparison of Average % Differences
of Test Blocks by Different Test Methods
(samples ordered softest to hardest)
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Figure 4.



Comparison of Average Standard Deviations
of Test Blocks by Different Test Methods
(samples ordered softest to hardest)
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Material and Method Interactions

Reference Heights

The initial variability analysis Figure 2 indiea that measurement of the reference block hetghtstablish a consistent
starting point for hardness determination of thegas was not a contributing factor. This ressifurther verified by actual
reference point heights measured for each of thies@mples. In this case, the IRGL-IP Modified results were also
included in the analysis. See Figure 6 The adileak heights measured for each of the four tethods only varied over
an approximately 0.25mm range and reproduced time gmttern for each of the samples. Even a foifterehce of 10 N
for the IFD-IP Modified versus 4.5 N for the othtéree tests made no significant difference. Orgairathere is a very
strong correlation of this pattern to the actualtbgesis loss reported for each of the samplepéefmesample A the softest
sample.

Comparison of Hardness Methods

We wanted to understand clearly any differenbesveen methods for the samples tested. In ordeachieve this
comparison, delta hardness differences betweewaheus test methods were plotted. The resultSigure 7 show the
differences between the IFD-IP Modified and IFD-A%Tests. It is interesting that the delta hardndiéerences are
almost exactly the same between the two deflectiohs expected, the IFD-IP Modified test gives mioiver hardness
results due to the hysteresis loss having greafielence on that test. It is certain that, thve fpreflexes by 75% deflection
without any recovery time period before measurlmghardness is the primary contributor along with 30-second delay at
the deflection test point. When we plotted thetéwessis loss values to check for any interactiba,dmost mirror image
correlation was very surprising.

The delta hardness differences between the CPBRAH IFD-ASTM test in Figure 8 are even more driothan those in
Figure 7. Once again, there is a very strong tatiom between the sample hysteresis loss andatanbss differences. The
CPF-25mm (50% deflection on a 50 mm cushion) hassimesults are 50 to 100 N higher than the IFD-ASEEM. The
results in Figures 7 and 8 definitely illustrate thependence of the hardness measurement on @ufarfoam sample and
how the test method impacts the hardness value.




Reference Height Differences
versus Hardness Methods
(samples ordered softest to hardest)
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Comparison of Hardness Test Methods
on Nominal 50 mm Thickness Blocks
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Standard Force versus Deflection Curves

Our analyses, especially in Figures 7 and &lgléustrates the importance that the visco-étastsponse of polyurethane
flexible foam has on the hardness results in coailuin with the method used. Thus, it is extremeiportant to understand
the different hardness results that are achieveddop of the methods. This is not to say that arey method is right or
wrong, but the differences should be understoodgaieith how one method correlates to another. rei@icompares the
three primary deflection or penetration methodsduee the softest, median, and hardest samplesdastthis series. It
must be understood that with such a hardness desparisons curve, the results or trends are relativd subject to the
particular samples selected.

The IRGL Test

We actually started with the original IRGL telstit soon realized that the force values of 110 22@ N were too low,
when compared with the forces used in the othertiiardness tests. Four of the samples had ks #% deflections at
220N and we needed much higher loads to achiev@¥a deflection. For these reasons, we decided tifinthe IRGL
parameters to cover about the same forces andctlefle as measured by the standard IFD-ASTM t#ge also changed
the preflex conditions from a 330N force to two 78#flection preflexes with a recovery period of hates. Figure 10
shows the IRGL height retained for nominal 50 mmocks at the given series of forces applied. Tliega points were
achieved by subtracting the raw penetration valwes the reference height values for each samplehSlata has
previously been reported and correlated to the idtgest [1]. By recalculating the penetrationajat can be changed to
deflection resulting in a simulated force versufledtion curve as shown in Figure 11. One muspkieemind that these
curves incorporate creep or thickness loss thatirgcafter a 60 seconds dwell time as specifiedhéntést. Actually, the
harder samples C & G should probably be teste@@i\6to obtain greater than 50% deflection.

Full curve presentation of these foam sampldresses gives a complete picture of their hardmerdsrmance. One can
definitely see that sample A is so soft that itgyaehigher deflections at high loads than the rataenples. Another benefit
of this data treatment is that it shows that certairs of samples have about the same force veldiection profile, but
these profiles have been achieved using a diffesgsiem design in terms of density and graft/capely content; i.e.
Samples | & E, F & B.



Additionally, Figure 12 can be generated usihg fctual slope in N/mm penetration for each of tdget force
measurements. The slope analysis figure givesamnappreciation for the complex performance behasfodifferent
polyurethane foam systems. It also explains whpdsdrd deviations are higher at the lowest forcesthen tend to level
out at higher forces. This is believed to be duéotce transference through the cell struts at p@metrations and then a
reduction in force when cell buckling begins toggMdace. It is interesting that for sample A, Hodtest foam, the slope
begins to increase at higher forces as the foarorigpressed beyond 50% deflection resulting in Begnit compaction of
the foam.

Individual hardness test points are of coursehait is needed for a quality control check ofixitde foam hardness.
However, such data does not allow one to get timepéete picture about a foam formulation’s responseomparison to
other formulations. We believe that methods tlaat give or generate a complete force versus diftectirve analysis such
as the CPF-JCI or IRGL-IP Modified tests are us&fuboth system design / performance and spegifality check points
for the manufacturing process.

IRGL-IP Modified Penetration Results

Converted to Height Retained
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IRGL-IP Modified Values Plotted
as Force versus Deflection
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IRGL-IP Modified Slope Analysis
of Force vs Deflection Curve
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Table 2.
Summary of Hardness Method Differences - [ Deleted:
On Nominal 50 mm Thickness Test Blocks
(Compared to IFD-ASTM as the Standard)
CPF CPF IFD-ASTM ~= | IFD-IP MOD.
STD IRGL-IP MOD.
Deflection (~50%) (~40%) 50% 50%
Penetration 25 mm 20 mm (~50%)
Hardness Difference, N| + (50 — 100 - (0-60) Nominal Std. - (20 - 80)

Test Methods Summary

In summary, the hardness differences that caexpected between the four methods evaluated amensin Table 2
above. The smaller hardness differences are ferhigsteresis loss samples (20-30%) and the landferehces typically
occur for the highest hysteresis loss samples (80)5 Since these ranges of hardness differeneegesty much hysteresis
based, it can easily be seen how much variabibity lbe introduced by changes in test parametersestdpeeds. This
simple summary clearly emphasizes that part hasdmeglefined by the particular test and test poares not easily
interchangeable. This also suggests that the indBsinel goal to develop a simple, reliable, megfuil, and faster test
method is a very worthy endeavor.

CONCLUSIONS

This study, while not satisfying the objectivéfsa ‘gauge R&R’, was far reaching in helping uslerstand the proper
development of a test methodology toward an impidwerdness test for automotive flexible foam paRather than simply
reporting the statistical variability, we thoughta be more important to uncover the sources dhbdity. Ultimately, we
arrived at three main sources of variation: 1) Teéails of the method and the exact timing of tteasurements; 2) The
visco-elastic response of the flexible polyurethmens being measured; 3) Interactions betweemtiterial and the test
method.




We now fully appreciate the great influence iftdx foam hysteresis loss has on the final hardre=ssdt. Hysteresis loss is
such an integral part of the measurement thabilshbe reported as part of the method, as it teenCPF-JCI method. The
importance of hysteresis loss to seat design arfdrpgance has been reported in many other pubdicatand it should not
be ignored in the hardness testing method itsel6].

This exercise has also emphasized the need fiaghalevel of detail in the test methods as hystisrloss is normally
incorporated in the preflex step and/or with the n§a dwell time at a given deflection or forcéhe full impact of this
hysteresis loss is time dependent and the hardredee will eventually recover if given enough timeAccurate and
reproducible hardness results cannot be achievaddmpally run hardness methods, as was demonsirathi exercise.
Fortunately, computer software today can be coralyledutomated to reproduce the exact test pointsareaent time
especially when a hysteresis recovery slope i¢ id the measurement. We endorse fully prograblenaquipment and
recommend that more detail needs to go into thesing methods themselves; i.e. ASTM, SAE, I1SO.

The Industry Panel's objective of deliveringienproved and perhaps speedier test methodologyetsune the hardness
of flexible foam used in automotive seating is oattainable with state-of-the-art equipment andvefe that is available
today. We hope to build on the understanding thiat study has provided and then carry out a mareety controlled
‘gauge R&R’ evaluation including OEM'’s and possiBlyromoulders in the near future.
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Figure 13
A Typical Force vs. Deflection Hysteresis Curve
For Polyurethane Flexible Foant
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Area 0abc0 /i
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T .
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Deflection

o,Hysteresis Loss = [ Loading Energy — Unloading Energy] x 100 Loading Energy]

“Hysteresis Loss for the purpose of this methodefined as the difference between the loading gremd the unloading /

energy expressed as a percentage of the loadingyehe
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APPENDIX - Continued

Table 3
IFD — ASTM Hardness R&R Study - - { Formatted: Font: Bold
IFD - ASTM |
. Formatted: Centered
Reference Block Height
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Average 6 Labs [ Formatted: Font: Not Bold
I
% % % % % % Average
Block ID mﬂoék AH;‘N Difference milo&k AHE:‘N Difference ilo(;k AHEI:‘N Difference| manloék 4H;'N Dif milo(;k AHEI:'N Dif manloék AHE:N i Absolute mg‘loék AH;'N Stdev !
) From AVE| : From AVE| ) From AVE| . From AVE| ) From AVE| : From AVE|[ %Diff. ) ‘
A 47.82 -0.49 48.40 0.71 48.15 0.19 48.29 0.47 48.26 0.42 47.4 -1.31 0.60 48.06 0.37 |
B 49.03 0.06 49.50 1.02 49.16 0.33 49.17 0.36 48.91 -0.18 48.2 -1.59 0.59 49.00 0.43 |
C 48.89 0.85 49.00 1.07 48.65 0.35 48.34 -0.30 48.57 0.19 47.4 -2.16 0.82 48.48 0.57 I
D 48.94 -0.43 49.50 0.71 49.28 0.26 49.38 0.46 49.18 0.0 48.63 -1.06 0.50 49.15 0.32
E 49.10 -0.32 49.60 0.69 49.42 0.33 49.38 0.24 49.30 0.0: 48.7 -1.0 0.45 49.26 0.29 |
F 48.99 -0.47 49.60 0.77 49.29 0.14 49.40 0.37 49.28 0.1 48.7 -0.94 0.47 49.22 0.30 |
G 49.75 -0.28 50.20 0.62 49.92 0.06 50.06 0.35 49.93 0.0: 49.4 -0.84 0.37 49.89 0.25 I
H 49.83 -0.49 50.40 0.65 0.04 -0.07 50.29 0.43 0.22 0.2 49.68 -0 0.45 50.08 0.28
| 49.82 -0.41 50.30 0.55 49.97 -0.11 50.22 0.39 50.2 0.35 49.63 -0.78 0.43 50.02 0.26 I
Absolute Average 0.42 0.76 0.205 0.37 0.197 117 0.52 0.34 I
25% IFD
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Average 6 Labs !
!
% % % % % % Average |
Block ID || 25% IFD, N | Difference|| 25% IFD, N | Differencel| 25% IFD, N | Difference|| 25% IFD, N | Dif 25% IFD, N | Di 25% IFD, N | Di Absolute | 25% IFD, N[  Stdev I
From AVE| From AVE| From AVE| From AVE| From AVE| From AVE|[  %Diff. I
A 134.10 -1.27 133.80 -1.49 134.89 -0.69 139 234 13321 -1.93 139.97 3.05 1.79 135.8 29 “
B 213.75 0.13 212.80 -0.3 211.53 -0.91 216 118 208.55 -2.31 218.25 .23 118 2135 3.4 |
C 309.69 281 294.80 =21 297.25 -1.32 304 0.92 293.51 -2.56 308.07 .27 2.00 301.2 7.0 |
D 190.72 -0.85 189.60 -14 190.25 -1.09 195 .38 .18 -0.09 196.. .07 115 1923 27 |
E 286.5. 0.82 280.00 -14 281.52 -0.94 289 6 .02 -1.47 288.. .38 1.29 2842 4.1
F 219.7. -0.81 215.70 -2.6 219.54 -0.89 226 .0 1.88 0.17 226.. .13 1.44 2215 4.1 |
G 352.6: 0.75 343.50 -1.86 346.76 -0.93 355 4 44.89 -1.46 357.28 .08 1.42 350.0 5.7 |
H 241.7 -1.12 239.50 -2.04 242.06 -0.99 249 .85 44.09 -0.16 250.52 .47 1.44 2445 4.4 |
| 315.26 -0.93 309.90 -2.62 315.35 -0.91 328 3.07 315.47 -0.87 325.43 2.26 1.78 318.2 6.9
Absolute Average 1.05 1.78 0.96 176 122 222 15 4.6 |
|
50% IFD
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Average 6 Labs
% % % % % % Average ;
Block ID [|50% IFD, N | Difference[| 50% IFD, N | Difference|| 50% IFD, N | Differencef| 50% IFD, N | Di 50% IFD, N | Dif 50% IFD, N | Dif Absolute [(50% IFD, N| Stdev
From AVE| From AVE| From AVE| From AVE| From AVE]| From AVE|[  %Diff. |
A 237.44 0.82 226.00 -4.0 234.67 -0.35 242 .76 31.32 -1.77 241.56 .57 .05 2355 6.2 !
B 380.38 178 359.00 -3.94 372.1! -0.42 380 .68 [ 369.36 -1.16 381.39 .05 .84 373.7 8.7 “
C 563.83 4.58 504.00 -6.! 535.7: -0.63 546 .28 [ 535.20 -0.73 549.93 .01 .62 539.1 20.2 !
D 330.98 0.77 314.00 -4.40 327.14 -0.39 336 .30 30.15 0.52 332.36 =19 .60 328.4 7.6 I
E 490.00 2.26 457.00 -4.63 477.51 -0.35 490 2.26 475.79 -0.70 484.70 1.15 1.89 479.2 12.4 !
F 375.27 0.33 355.00 -5.09 372.99 -0.28 384 2.66 376.15 0.56 380.87 1.82 1.79 374.0 10.2 !
G 587.84 157 555.00 -4.11 574.85 -0.68 591 211 573.80 -0.86 590.15 1.97 1.88 578.8 13.9
H 397.13 -0.43 385.00 -3.48 395.05 -0.96 408 2.29 399.41 0.14 408.58 2.44 1.62 398.9 8.8 !
| 520.02 -0.35 502.00 -3.80 518.92 -0.56 541 3.67 514.64 -1.38 534.40 241 2.03 521.8 14.0 I
Absolute Average 143 4.44 0.51 234 0.87 1.96 19 113 !
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Table 4

IED — IP Modified R&R Study *

IFD - IP Modified
Reference Block Height
Lab 1 Lab 2 Lab 3 Lab4 Lab 5 Lab6 Average 4 Labs
% % % % % % Average
Block ID m?ﬂlo&)k AHE:'N Difference| mﬁloék‘tHélN Difference] mzloé)k 4Hé'N Difference m:]lo(;k 4H;'N Difference| mBmlo(;k AHEEN Difference manloék AH‘:).N Difference|| Absolute mzlog)k AHE:'N Stdev
i From AVE| : From AVE| : From AVE| : From AVE| : From AVE| : From AVE||  %Diff. i
A 47.58 -0.47 48.30 1.04 47.59 -0.44 4679 242 47.74 -0.13 5087 42 0.52 47.80 0.34
B 49.0; 0.12 49.30 0.72 48.83 -0.2 4727 -3:43 48.66 -0.59 5172 566 0.42 48.95 0.27
C 48.2! -0.27 48.70 0.70 48.34 -0.04 4595 -4-99 48.17 -0.39 5121 >89 0.35 48.36 0.24
D 49.0¢ -0.06 49.40 0.60 49.07 -0.0¢ 47.9¢ -2:35 48.88 -0.46 5207 503 0.30 49.11 0.22
E 49.26 0.01 49.60 0.70 49.2 -0.12 4801 254 48.97 -0.58 5219 >-95 0.35 49.26 0.26
F 49.09 -0.11 49.50 0.73 49.09 -0.11 481¢ 195 48.89 -0.51 5242 506 0.36 49.14 0.26
G 49.82 -0.02 50.10 0.54 49.79 -0.08 4882 203 49.61 -0.44 5280 596 0.27 49.83 0.20
H 49.95 -0.06 50.30 0.65 49.89 -0.18 4928 -+40 49.77 -0.42 5208 501 0.32 49.98 0.23
| 49.89 -0.10 50.30 0.72 49.82 -0.24 4928 133 49.75 -0.38 52.95 603 0.36 49.94 0.25
Absolute Average 0.13 0.71 0.17 246 0.43 600 0.36 0.25
25% IFD
Lab 1 Lab 2 Lab 3 Lab4 Lab 5 Lab 6 Average 5 Labs
% % % % % % Average
Block ID |[ 25% IFD, N | Differencef| 25% IFD, N | Differencel| 25% IFD, N | Differencelf 25% IFD, N | Difference|| 25% IFD, N | Differencel{ 25% IFD, N | Difference|| Absolute | 25% IFD, N Stdev
From AVE| From AVE]| From AVE| From AVE]| From AVE| From AVE(  %Diff.
A 113.82 1.98 120.80 8.23 109.01 -2.3 13800 23-64 105.48 108.94 -2.39 4.09 111.61 5.93
B 175.60 1.01 187.60 7.92 172.06 -1.0: 230-00 20-80 164.83 169.11 -2.7 357 173.84 8.65
C 237.59 1.95 257.40 10.45 231.14 .8: 28700 2315 216.54 222.60 A 4.96 233.05 15.80
D 165.67 157 173.60 .43 159.18 -2.41 195-00 1355 155.71 161.38 -1.0 .20 163.11 6.89
E 244.38 1.28 257.20 .59 237.3 -1.66 28100 16-46 229.83 237.76 -1.4 .15 241.29 10.28
F 197.66 1.76 200.50 .22 189.34 .52 229-00 1790 188.41 195.29 0.54 .21 194.24 5.24
G 314.61 229 313.20 1.83 304.15 -111 35300 1477 298.94 306.94 -0.20 1.65 307.57 6.48
H 225.94 1.02 228.40 212 218.37 -2.37 262.00 1714 220.60 225.03 0.61 1.50 223.67 4.09
| 298.87 0.96 298.00 0.67 291.21 -1.62 34100 1520 292.73 299.28 1.10 1.09 296.02 3.76
Absolute Average 1.54 5.27 176 1873 1.62 2.82 7.46
50% IFD
Lab1 Lab 2 Lab 3 Lab4 Lab 5 Lab 6 Average 5 Labs
% % % % % % Average
Block ID | 50% IFD, N | Differencef 50% IFD, N | Differencejf 50% IFD, N | Difference|| 50% IFD, N | Differencef 50% IFD, N | Difference|f 50% IFD, N | Difference|| Absolute || 50% IFD, N| Stdev
From AVE| From AVE]| From AVE| From AVE]| From AVE| From AVE||  %Diff.
A 219.09 3.32 219.00 206.26 -2.73 254-00 1879 204.21 -3.69 211.66 2.64 212.04 6.95
B 343.87 .40 349.00 327.8 -2.39 399.0¢ 18.82 325.22 -3.1 333.19 .53 335.82 10.27
C 489.77 .11 501.00 461.17 b 569-0¢ 1979 455.12 -4.1 468.00 .43 475.01 19.56
D 308.47 .93 06.00 291.84 350-0¢ 1679 290.47 .0 301.70 .28 | 299.70 8.1
E 449.23 .69 445.00 428.03 b 506-0¢ 1566 425.33 -2.7 439.7 .97 437.47 10.45
F 357.92 .76 348.00 338.52 -2 409-0¢ 1743 41.81 -1.8 355.. .90 48.29 8.34
G 556.69 .79 540.00 530.38 .0 630-0¢ 16-33 32.33 7. 548.! .63 41.58 11.07
H 387.55 171 381.00 371.56 -2.49 44800 757 77.99 -0.8 387.14 1.32 381.05 6.69
| 512.78 1.64 500.00 496.23 -1.64 584-00 1576 499.76 -0.94 513.69 1.39 504.49 8.13
Absolute Average 259 242 1755 2.47 212 9.96

* Data that is ‘strike-through'{(200-0@s exhibited for its variance, but is not incldda the lab averages.
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Table 5
CPFE Method R&R Study
CPF Method
Reference Block Height
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Average 6 Labs
9 9
sk o | BockHt o N oBockht | g sockHt | % N siockt | Bock e | % | Biock bt | AVErR9R | pogp |
mm @ 4.5 N From AVE| [ @430 From AVE| mm @ 4.5N From AVE| @ A50 From AVE| mm @ 4.5 N From AVE| [ @450 From AVE|[ %Diff. mm @ 4.5 N
A 48.19 0.45 48.40 0.88 48.13 0.32 47.17 -1.68 47.86 -0.24 48.1 0.28 0.64 47.98 0.43
B 49.38 0.95 49.30 0.7¢ 49.05 0.28 47.69 -2.50 49.05 0.28 49.0; 0.20 0. 48.91 0.62
C 48.73 0.92 48.80 1.0 48.55 0.55 46.57 -3.54 48.60 0.65 48.4! 0.34 1. 48.28 0.85
D 49.37 0.52 49.50 0.7 49.2 0.18 48.32 -1.61 49.0! -0.13 49.24 0.26 0.58 49.11 0.42
E 49.54 0.76 49.40 0.4 49.27 0.21 48.26 -1.84 49.1. -0.07 49.39 0.46 0.64 49.16 0.46
F 49.50 0.72 49.40 0.52 49.2 0.11 48.38 -1.55 49.0¢ -0.13 49.31 0.33 0.56 49.15 0.40
G 50.11 0.62 50.00 0.40 49.84 0.08 49.11 -1.38 49.7¢ -0.02 49.95 0.30 0.47 49.80 0.36
H 50.28 0.49 50.40 0.73 49.98 -0.11 49.48 =il 49.93 -0.21 50.14 0.21 0.48 50.03 0.33
| 50.34 0.56 50.40 0.68 50.01 -0.10 49.43 -1.25 49.91 -0.30 50.26 0.40 0.55 50.06 0.36
Absolute Average 0.67 0.70 0.22 1.83 0.23 0.31 0.66 0.47
15 mm_ Penetration
Lab 1 Lab 2 Lab3 Lab 4 Lab5 Lab 6 Average 6 Labs
Penetration % % % i % Penetration % Penetration % Average || Penetration
Block ID | 15 mm, |[Differencef| 15 mm, |Di 15mm, |Differen 15 mm, |Dif 15mm, |Di 15 mm, |Di Absolute || 15 mm, Stdev
N From AVE| N From AVE| N From AVE| N From AVE| N From AVE| N From AVE|  %Diff. N
A 172.09 0.66 167.57 166.88 -2.39 176.00 .94 169.56 -0.8: 173.70 1.60 17 170.97 3.59
B 277.08 1.06 262.90 277.05 1.05 284.00 150 258.39 -5.7 285.60 4.17 3.2 274.17 11.14
C 424.66 3.02 390.70 425.66 3.26 427.00 150 374.17 -9.2 431.12 4.59 4.8 412.22 23.76
D 239.28 0.63 231.56 234.78 -1.26 246.00 .46 230.10 -3.2 24497 .02 2.37 237.78 6.76
E 359.50 0.94 342.96 357.18 0.29 366.00 77 342.68 -3.7; 368.57 .49 2.49 356.15 1113
F 27361 0.42 264.41 268.51 -1.45 283.00 .86 264.13 -3.01 281.18 .20 2.49 272.47 8.22
G 430.16 0.36 417.93 427.29 -0.31 438.00 o] 415.81 -2.99 442 57 .25 1.93 428.63 10.63
H 288.88 0.07 282.00 280.84 -2.71 300.00 3.93 285.16 -1.21 295.11 2.23 2.08 288.67 7.59
| 376.83 -0.11 367.00 369.31 -2.10 393.00 4.18 370.21 -1.86 387.05 2.60 2.26 377.23 10.60
Absolute Average 0.81 1.65 3.39 3.55 3.13 261 10.38
20 mm Penetration
Lab 1 Lab 2 Lab3 Lab 4 Lab5 Lab 6 Average 6 Labs
Penetration % % % i % Penetration % Penetration % Average || Penetration
Block ID | 20 mm, |[Differencef| 20 mm, |Di 20 mm, |Differen 20 mm, |Dif 20mm, |Di 20 mm, | Di Absolute || 20 mm, Stdev
N From AVE| N From AVE| N From AVE| N From AVE| N From AVE| N From AVE|  %Diff. N
A 223.4 .69 || 210.98 216.86 -1.33 228.00 .74 215.75 -1.84 223.62 .75 2.39 219.78 6.30
B 357.7: .47 35.97 355.54 0.84 368.00 4.37 332.66 -5.65 365.56 .68 3.45 352.59 14.93
C 557.9 .30 11.58 554.31 2.63 565.00 4.61 491.90 -8.93 560.04 .69 4.74 540.13 30.57
D 305.8 114 289.74 300.41 -0.65 315.00 4.18 292.66 -3.21 310.58 .72 2.68 302.37 9.97
E 455.1 110 431.53 452.14 0.42 466.00 .50 433.67 -3.68 462.96 .82 2.61 450.25 14.58
F 346.55 0.82 328.81 340.45 -0.95 359.00 4.45 333.72 -2.91 353.77 .92 273 343.72 1162
G 534.66 0.60 511.97 531.4 -0.01 547.00 iSO 516.76 -2.77 547.08 .94 .15 531.48 14.78
H 355.45 0.36 341.28 347.01 -2.02 370.00 4.47 350.06 -1.16 361.28 .00 .28 354.18 10.36
| 464.49 0.30 445.20 454.91 -1.77 485.00 4.73 455.34 -1.68 473.68 .28 .44 463.10 14.43
Absolute Average 1.20 118 411 3.54 .76 .83 14.17
25 mm Penetration
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Average 6 Labs
Penetration % i % Penetration % P i % Penetration % i % Average || Penetration
Block ID | 25 mm, |[Differencef| 25mm, |Di 25mm, [Differen 25 mm, |Dif 25mm, |Di 25mm, |Di Absolute || 25 mm, Stdev
N From AVE| N From AVE| N From AVE| N From AVE| N From AVE| N From AVE|  %Diff. N
A 300.44 2.65 277.51 g 291.88 -0.28 307.00 4.89 282.46 -3.50 296.88 43 2.99 292.7 11
B 476.60 2.03 438.85 472.97 .26 492.00 .3 438.54 -6.11 483.62 .54 4.05 467.1 22.
C 755.06 4.01 677.96 744.31 .53 772.00 .34 657.20 -9.47 749.28 .21 5.36 726.0 46.
D 403.71 1.99 373.25 394.69 -0.29 415.00 4.84 382.12 -3.46 406.21 .62 3.15 395.8 157
E 592.85 0.98 550.96 587.82 0.13 631.00 4 561.32 -4.39 598.51 .95 3.51 587.1 28.5
F 454.23 1.52 420.32 444.68 -0.61 472.00 5.50 433.67 -3.07 459.57 272 3.25 447.4 18.6
G 688.04 1.18 645.72 679.38 -0.09 708.00 4.12 660.42 -2.88 698.41 271 2.67 680.0 234
H 453.58 1.09 426.80 44151 -1.60 473.00 5.42 443.31 -1.20 453.83 NI 2.56 448.7 15.5
| 595.14 0.84 559.46 580.43 -1.65 624.00 5.73 578.89 -1.91 603.04 2.18 2.92 590.2 22.4
Absolute Average 181 0.94 5.52 4.00 2.39 34 22.8
Hysteresis Loss, %
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Average 6 Labs
Hysteresis % i % Penetration % P i % Penetration % i % Average || Penetration
Block ID Lyzss o, |Difference|l 25 mm, |Di 25mm, [Differen 25 mm, |Dif 25mm, |Di 25mm, |Di Absolute || 25 mm, Stdev
"7 |From AVE| N From AVE| N From AVE| N From AVE| N From AVE| N From AVE|  %Diff. N
A 32.79 -1.26 34.80 4.79 35.95 8.26 29.60 -10.87 32.61 -1.80 .50 0.88 4.64 332
B 40.72 -1.59 44.20 .82 43.91 6.12 38.10 =7.92 38.81 -6.21 42.53 278 5.24 41.4
C 49.14 -0.62 53.00 G 52.03 5.22 46.00 -6.97 46.61 -5.74 49.90 0.92 4.44 49.4 .
D 32.56 -0.94 35.10 .79 35.46 7.88 29.60 -9.94 30.64 -6.78 33.85 2.99 5.89 329 4
E 35.98 -1.13 38.80 .62 39.36 8.16 33.00 -9.32 34.05 -6.43 37.15 2.09 5.62 36.4 .5
F 27.98 -1.21 30.30 6.98 30.64 8.18 25.40 -10.32 26.45 -6.61 29.17 2.99 6.05 28.3 2.1
G 30.01 -2.03 33.30 8.71 326 6.42 27.70 -9.58 28.66 -6.44 31.53 2.93 6.02 30.6 22
H 19.94 -2.89 22.40 9.09 22.38 8.99 18.10 -11.85 18.96 -7.66 21.42 4.32 7.47 20.5 18
| 19.43 -1.96 21.70 9.49 21.48 8.38 17.40 -12.20 18.43 -7.01 20.47 3.29 7.06 19.8 17
Absolute Average 151 7.39 7.51 9.89 6.08 258 5.8 23
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Table 6

IRGL — IP Modified R&R Study * / **

IRGL - IP Modified
Reference Block Height
Lab 1 Lab2 Lab 3 Lab4 Lab 5 Lab6 Average 3 Labs
% % % % % % Average
Block Ht. Block Ht. | . Block Ht. Block Ht. . Block Ht. Block Ht. | . Block Ht.
Block ID Differencel Difference| Difference| Di Di Absolute Stdev
mm @ 45Nl £ o ave|™™ @ 45N Zo ave ™™ @ 45 N e ave]™™ @ 45N o ave™™ @ 45 N e avel™™ @ 45N e AvEl oepifr. ™™ @ 45N
A 48.08 0.36 4796 )10 47.65 -0.54 47.99 0.18 0.18 47. 0.
B 48.80 0.28 4924 119 48.42 -0.50 48.76 0.21 0.17 48. 0.
C 48.15 -0.08 4903 L73 47.96 -0.48 48.46 0.56 0.19 48. 0.
D 49.16 0.17 4942 370 48.84 -0.4 49.23 0.32 0.16 49. 0.
E 49.24 0.13 4953 )73 48.92 -0. 49.37 0.39 0.17 4 0.
F 49.27 0.24 4972 = 48.91 -0.4 49.28 0.25 0.1 4 0.:
G 49.86 0.08 5013 )-62 49.7 -0.24 49.90 0.17 0.0: 4 0.
H 50.14 0.25 5046 989 49.78 -0.47 50.13 0.23 0.1 . 0.:
| 50.12 0.08 5039 062 49.94 -0.28 50.18 0.20 0.09 50.08 0.12
Absolute Average 0.19 086 0.44 0.28 0.15 49.12 0.20
IRGL - IP Modified
100 N
Lab 1 Lab2 Lab 3 Lab4 Lab 5 Lab6 Average 3 Labs
Penetration % Penetration % P ) % % Pe % P % Average || Penetration
Block ID mm Difference| mm Difference| mm Difference mm Di mm Di mm Di Absolute mm Stdev
@100 N [From AVE[l @100N |From AVE[| @100N |[From AVE| @100N |From AVE|| @100N |From AVE @100N |From AVE|[ %Diff. @100 N
A .34 -11.78 751 24-04 .72 -5.50 7. 17.27 .76 .05 0.93
B 1 -4.71 2.98 3345 .33 4.24 0.47 .57 .24 0.10
C .46 -2.85 263 467 77 17.77 -14.92 .92 .50 0.25
D .20 -3.12 271 1933 .29 0.84 . 2.29 .04 .27 0.06
E .40 -3.80 8% 2458 .58 8.57 .3 4.77 .86 .46 0.11
F 2.02 -2.95 2.57 2343 2.08 -0.07 2.14 3.02 1.01 2.08 0.06
G 1.15 -5.15 1.56 2850 131 8.05 1.18 -2.90 2.68 1.21 0.09
H 1.85 -3.05 227 1896 191 0.10 1.96 2.95 1.02 191 0.06
| 1.54 -3.06 193 2143 1.59 0.09 1.64 2.97 1.02 1.59 0.05
Absolute Average 4.50 2982 5.02 5.73 2.54 0.19
IRGL - IP Modified
200 N
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Average 3 Labs
Penetration % % ! % % n % % Average || Penetration
Block ID mm Difference| mm Difference| mm Difference mm Di mm Di mm Di Absolute mm Stdev
@200 N |From AVE[l @200N |From AVE[| @200N |[From AVE| @200N |From AVE|| @200N |From AVE| @200N |From AVE|[ %Diff. @200 N
A 20.63 -2.91 2337 998 21.27 0.10 21.84 2.81 0.97 21.25 0.61
B 10.29 -2.47 1258 1927 10.63 0.76 10.73 171 0.82 10.55 0.23
C 4.04 .37 593 5454 4.39 14.50 3.07 -19.88 6.63 3.83 0.68
D 13.43 .53 1508 1612 13.06 -0.30 12.81 -2.23 0.84 13.10 0.3
E 4.32 .63 535 2841 4.38 5.07 .81 -8.70 .90 4.17 0.3:
F 10.11 .96 1165 1679 9.29 -4.47 77 0.51 .49 9.72 0.4
G 2.73 .69 344 2680 279 2.90 .61 -3.59 .20 271 0.0¢
H 7.80 3.34 882 1687 7.1 -5.93 74 2.59 .98 7.55 0.3
| 4.12 0.72 472 1536 3.97 -2.95 4.18 2.24 0.98 4.09 0.11
Absolute Average 2.85 2290 4.11 4.92 1.98 0.35

* Data that is ‘strike-through'{(2086-0@s exhibited for its variance, but is not incldde the

lab averages.

** Raw data is shown as penetration in mm for threés measured. Actual IRGL would be Ref. blodkliteminus

the penetration value.
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Table 7

IRGL — IP Modified R&R Study * / **

IRGL - IP Modified
300 N
Lab 1 Lab2 Lab 3 Lab4 Lab 5 Lab6 Average 3 Labs
Penetration % Penetration % Penetration % Penetration % Penetration % Penetration % Average || Penetration
Block ID mm Differencel mm Difference| mm Difference mm Difference| mm Difference| mm Differencef| Absolute mm Stdev
@300 N [From AVE[l @300N |From AVE|| @300N [From AVE[| @300N |From AVE|| @300N |From AVE|[ @300 N |From AVE|[ %bDiff. @300 N
A 28.16 -1.24 3043 64 28.73 0.75 28.65 0.49 0.41 28.51 0.31
B 19.60 -0.03 22310 274 19.98 1.91 19.24 -1.88 0.64 19.61 0.37
C 10.71 9.25 13-65 3948 11.15 13.73 7.55 -22.98 7.66 9.80 1.96
D 22.84 238 24.54 16-60 22.57 117 21.51 -3.56 119 22.31 0.70
E 13.53 6.33 1525 19.87 13.47 5.85 11.18 -12.18 4.06 12.73 1.34
F 20.14 3.46 2188 239 19.3 -0.85 18.96 -2.61 1.15 19.47 0.61
G 8.44 10.97 10620 3408 7.72 1.50 6.66 -12.47 4.16 7.61 0.90
H 18.69 2.57 19.92 932 17.78 -2.43 18.20 -0.14 0.86 18.22 0.46
| 11.68 2.48 1276 95 11.02 -3.31 11.49 0.83 1.10 11.40 0.34
Absolute Average 4.30 1736 3.50 6.35 2.36 0.78
IRGL - IP Modified
400 N
Lab 1 Lab2 Lab 3 Lab4 Lab 5 Lab6 Average 3 Labs
Penetration % Penetration % Penetration % Penetration % Penetration % Penetration % Average || Penetration
Block ID mm Differencel mm Difference mm Difference mm i mm Di mm Absolute mm Stdev
@400 N |From AVE[| @400 N [From AVE| @400N |From AVE @400N [From AVE|| @400N |From AVE| @400N |From AVE[ %Diff. @400 N
A 31.95 -0.81 3371 465 32.4 0.58 32.28 0.23 0.27 32.21 0.23
B 25.30 0.15 27749 16-62 25.68 1.65 24.81 -1.80 0.60 25.26 0.44
C 16.96 4.91 1996 2344 17.34 7.26 14.20 -12.17 4.06 16.17 172
D 28.30 1.49 2984 702 28.1 0.78 27.25 -2.27 0.76 27.88 0.56
E 20.56 3.26 2223 67 20.53 3.11 18.64 -6.38 213 19.91 1.10
E 26.19 2.10 2776 822 25.53 -0.47 25.23 -1.63 0.70 25.65 0.49
G 16.05 5.95 1797 1861 15.28 0.87 14.12 -6.82 2.27 15.15 0.97
H 25.47 141 2656 575 24.78 -1.34 25.10 -0.07 0.47 25.12 0.35
| 19.43 1.30 2056 719 18.83 -1.83 19.28 0.52 0.61 19.18 0.31
Absolute Average 2.38 1073 1.99 3.54 1.32 0.69
IRGL - IP Modified
500 N
Lab 1 Lab2 Lab 3 Lab4 Lab 5 Lab6 Average 3 Labs
Penetration % Penetration % Penetration % Penetration % Penetration % Penetration % Average || Penetration
Block ID mm Differencel mm Difference mm Difference mm i mm mm Absolute mm Stdev
@400 N |From AVE[| @400 N [From AVE| @400N |From AVE @400N [From AVE|| @400N |From AVE| @400N |From AVE[ %Diff. @400 N
A 34.0 -0.66 3563 379 345 0.57 34.34 0.09 0.2: 34.31 0.21
B 29.1: 0.49 3136 819 29.5 1.76 28.34 -2.25 0.7 28.99 0.59
C 21.6: 2.85 2454 1666 3 4.41 .50 -7.26 2.4 1.03 133
D 31.59 0.74 3280 460 4 0.39 .00 -1.14 0.38 1.36 0.31
E 25.38 2.0 2695 833 .37 1.97 .89 -3.98 1.33 4.88 0.86
E 29.85 12 3136 572 .36 -0.38 .2 -0.90 0.4: 9.47 0.34
G 21.78 4.0 2354 1243 .01 0.35 0.0 -4.38 1.4 0.94 0.88
H 29.39 0.82 3036 4315 28.9 -0.86 9.1 0.04 0.2 9.15 0.25
| 24.62 0.77 25:65 498 24.15 -1.15 4.5 0.39 0.38 4.43 0.25
Absolute Average 152 765 1.32 227 0.85 0.56

* Data that is ‘strike-through'{(2086-0@s exhibited for its variance, but is not incldde the

lab averages.

** Raw data is shown as penetration in mm for threés measured. Actual IRGL would be Ref. blodkliteminus

the penetration value.







