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Subject

Smithers File F49432BS-01VAU, addressing the statement of work regarding Assembly Bill 844.

Objective

The objective was to assist the Pacific Gas and Electric Company (FPG&EQ, in consultation with
the California Energy Commission (ACECQ, in understanding a California focused tire population
in regards to both rolling resistance and wet traction.

Background

Under the authority granted by Assembly Bill 844 (Nation, 2003), the California Energy
Commission is mandated to adopt and implement a statewide Replacement Tire Efficiency
Program for replacement tires for passenger cars and light-duty trucks, to ensure that
replacement tires sold in California are at least as energy efficient as the tires sold as original
equipment on the vehicles.!

Through the Clean Transportation Program, the California Energy Commission has sought to
facilitate collaboration and information exchange with industry stakeholders including tire
manufacturers, retail tire businesses, tire test labs, consumer information organizations,
environmental interest groups, air districts, electric utilities, and government agencies, expressly
for the Commission to fulfill its statutory mandate under AB 844.2

Smithers MSE Inc. was contracted to provide rolling resistance testing, tire technology
consultations and project management to the Pacific Gas and Electric Company, in consultation
with the California Energy Commission regarding the Replacement Tire Efficiency Program.

The Pacific Gas and Electric Company, in consultation with the California Energy Commission,
purchased a variety of passenger car and light truck tires and submitted them to Smithers MSE
for testing, and assistance in studying any correlations between rolling resistance and other tire
characteristics
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3.0 Background (continued)

Smithers MSE work herein documented in this report encompasses:

1 Tire identifications: including sizes, manufacturers, design names, SKU (stock
keeping unit) labels, and stamping information.
1 Measurements including tire weights and tread depths.
1 Test Results
Four (4) tires each of 149 unique tire SKUs were submitted for testing. Three (3) tires
per SKU (total 447 tires) were tested for rolling resistance and one (1) tire per SKU
(total 149 tires) were tested for wet traction.
o Rolling resistance: ISO 28580(2018)i Pas s enger adaBus,Tyrel r uc k
Rolling Resistance Measurement Method 8 Single Point Test and Correlation
of Me as ur e meTestingRvasscondutted.bySmithers MSE, Inc.
Photographs of the test may be found in Appendix Section 5.
o Tire wet grip test: ISO 23671(2021) i P aewmger Car Tyres - Method for
Measuring Relative Wet Grip Performance-Loaded New Tyreso (°
method).
1 Efforts to identify correlations between rolling resistance, wet traction and a number
of other tire parameters.

Note, definitions of terminology and test specifications may be found in Appendix Section 6.

It should be further noted that in addressingroling r esi st an coisdigdidnaly Al ower
desirabl e. Il n addressing wet tracaoesirablen, a fhig
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Procedures

4.1
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Rolling Resistance Test Protocol

Test Protocol

ISO 28580:2018

fPassenger Car, Truck and Bus Tyre Rolling Resistance Measurement
Method 8 Single Point Test and Correlation of Measu r e me n t

i

Laboratory ISO 17025

Certification

Number Tires Tested | Three (3) per SKU

Number SKUs Tested | 149

Description ISO 28580:2018 specifies methods for measuring rolling resistance,
under controlled laboratory conditions, for new pneumatic tires
designed primarily for use on passenger cars, trucks and buses.
Measurement of tires using this method enables comparisons to be
made between the rolling resistance of new test tires when they are
free-rolling straight ahead, in a position perpendicular to the drum outer
surface, and in steady-state conditions.

Test Drum 1 Smithers tested to this protocol using a dynamometer with a

cylindrical drum of 1.7m diameter. Per ISO 28580, the equation
located in section 9.3 was utilized as a correlation adjustment of
the rolling resistance coefficient from the test drum of 1.7m
diameter to a dynamometer drum diameter of 2.0m.

9 80 grit surface paper was used as permitted by ISO 28580.

Test Preparation

9 All tires were mounted and tested on aluminum wheels. Wheel
widths were determined by 1ISO 4000-1 for passenger and ISO
4209-1 for truck/bus.

1 Tires were inflated to the required cold pressure and the

appropriate load was applied per the Table 2 of ISO 28580.

80km/h speed was used for testing

Tires were allowed to thermally condition in the test

environment for a minimum of 3hrs for passenger and 6hrs for

truck/bus.

1 Ambient temperature was maintained between 70°-80°F. Test
data was corrected to a standard of 77°F using the correction
eguation per ISO 28580

= =

Warm-up T Once the tire was mounted on the dynamometer, a warm-up
was performed per Table 3 of ISO 28580.

Testing 1 SeelSO 28580:2018

Documentation 1 Forces were recorded at the machine spindle and used to

calculate the rolling resistance force, which is then divided by
the test load and multiplied by 1000 to calculate the rolling
resistance coefficient.
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4.2 Wet Traction Test Protocol*

Test Protocol

ISO 23671:2021

fi P a sgereCar Tyres - Method for Measuring Relative Wet Grip
Performance - Loaded New Tyr e s ailer(métihod)

Number Tires Tested

One (1) per SKU

Number SKUs Tested

149

Description

ISO 23671:2021 specifies the method for measuring relative wet
grip braking performance index to a reference under loaded
conditions for new tires for use on passenger cars on a wet-
paved surface.

Test Preparation

1 Test surface utilized was asphalt per ISO 23671.
External watering of asphalt surface

|
1 Ambient test temperature was between 5°C and 35°C.
1

Testing Cold inflation test pressure was 180kPa for standard load
tires and 220kPa for extra load tires
1 Speed at the start of braking was 65+2km/h
1 Testload was 75+5% of load capacity based upon tire load
index
Documentation 1 Dynamic tire braking force was recorded in real time and

was divided by the dynamic vertical load in real time to
calculate the dynamic tire braking force coefficient in real
time. The peak braking force coefficient was determined
and used to calculate the wet grip index as compared to
the reference tire peak braking force.

*Testing was outsourced by Smithers.
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Tire SKU Selections for Program
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Tire SKUs were chosen by the California Energy Commission. Smithers MSE was
advised that the selections were made with consideration to the sizes and types of
tires typically used on a variety of the highest volume types of vehicles in current
California usage with respect to vehicle manufacturing year and brand. The
decisions were based upon vehicle licensure information.

These vehicles included:

Model

Year Manufacturer
2022 Chevrolet
2022 Toyota

2022 Chevrolet

2022 Honda
2022 Tesla
2022 Tesla
2022 Toyota
2022 Nissan
2022 Ford
2022 Ford
2022 Toyota
2022 Honda

2022 Chevrolet
2019 VOLKSWAGEN

2019 HONDA
2019 CHEVROLET
2018 JEEP

2018 CHEVROLET
2018 TOYOTA

2018 TESLA
2018 TESLA
2018 FORD

2018 HONDA
2018 TOYOTA
2018 HONDA
2017 TOYOTA
2017 TOYOTA
2017 SUBARU

2017 FORD
2016 TOYOTA
2015 KIA

Vehicle Design
Tahoe
Tacoma
Silverado
Odyssey
Model Y
Model 3

Mirai

Leaf

F-150 Lightning All-Electric Truck
Explorer
Corolla

Civic

Bolt EV
JETTA

CR-V

BOLT EV
WRANGLER UNLIMITED
SILVERADO 1500
RAV4

MODEL X
MODEL 3
F-150

CIvIC

CAMRY
ACCORD
TACOMA
SIENNA
OUTBACK
EXPLORER
COROLLA
OPTIMA
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4.3 Tire SKU Selections for Program (continued)

Model

Year
2015
2014
2014
2013
2013
2013
2011
2007
2007
2006
2006
2004
2001

Manufacturer Vehicle Design
HONDA ACCORD
HONDA CR-V

HONDA ACCORD
HYUNDAI ELANTRA
HONDA CIVIC
MERCEDES-BENZ C-CLASS
BMW 3 SERIES
HONDA ODYSSEY
TOYOTA CAMRY
TOYOTA TACOMA
TOYOTA SIENNA
CHEVROLET SILVERADO 1500
FORD F-150

SKU selections encompassing original equipment, replacement and efficient category
tires were pursued with possible fitment on these vehicles. Tire purchases were
conducted in California between April 13" and June 9™ of 2022.
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Correlation Studies

Attempts were made to individually correlate rolling resistance results to a number of
other tire characteristics. Quantitative correlations include linear correlation analyses with
trend lines and with trend line r-squared values identified. Subjective correlations include
general comparisons of data without quantitative analyses.

Quantitative Correlation

1 wet traction tested

1 price actual price

1 UTQG treadwear rating  tire stamping

1 tread depth measured

1 tire weight measured

1 aspect ratio tire stamping

1 diameter at bead tire stamping

i tire section width tire stamping

Subjective Correlation

9 tire market category Smithers-assigned; manufacturer/retailer websites

i tire usage category CEC-assigned,; differentiate OE vs. Replacement
vs. Efficient

1 manufacturer tier Smithers MSE/Market Data Book

1 UTQG traction rating tire stamping

1 UTQG temperature rating tire stamping

1 load index tire stamping

1 speed rating tire stamping

1 run flat tire stamping and manufacturer/retailer websites

Definitions of these tire characteristics may be found in Appendix Section 6.
The following subsections define the variable in question.
4.4.1 Quantitative Correlation: Wet Traction
Results as tested by ISO 23671:2021
4.4.2 Quantitative Correlation: Price

Actual price paid per tire, excluding sales tax and shipping. Tires were purchased
between April 13" and June 9% of 2022
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4.4.6

4.4.7

4.4.8

NNNNNNNNNNNNNNNNNNNNNN

Quantitative Correlation: UTQG Treadwear Rating

Uniform Tire Quality Grading (UTQG) Treadwear Rating as identified by tire
stamping on sidewall; example UTQG rating: 560 A B; 560 is treadwear rating.
The rating is a numeric index of how well a tire wears in comparison to a
reference tire.

Quantitative Correlation: Tread Depth

Tread depth was measured from tread surface to bottom of groove with a digital
tread depth gauge. Depths were documented in millimeters.

Quantitative Correlation: Tire Weight (measured)

Tire weights were determined using a calibrated, digital Belfour Model PS8070

(Serial: 1508CRS870545) scale, with measurements documented to the nearest
0.1 Ibs.

Quantitative Correlation: Aspect Ratio
Identified by tire size stamping on sidewall; example: 265/75R17: 75 aspect ratio.

Aspect ratio = height: width ratio of a section of the tire expressed as a
percentage.

Quantitative Correlation: Diameter at Bead

Identified by tire stamping on sidewall; example: 265/75R17: 17 inch wheel
diameter at bead ledge
Quantitative Correlation: Tire Section Width

Identified by tire size stamping on sidewall; example: 265/75R17: 265mm tire
section width.
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4.4.9 Subjective Correlation: Tire Market Category

Subjectively assigned by Smithers to eac
website, retail er sidanhteadpattern. Natire pegfdynsance e s ,
data was used for category assignments

4.4.10 Subjective Correlation: Tire Usage Category

Subjectively assigned by California Energy Commission to each SKU to
differentiate OE vs. Replacement vs Efficient. No tire performance data was used
for category assignments.

4.4.11 Subjective Correlation: Tire Manufacturer Tier

Tire Manufacturer Tier categories were subjectively assigned by Smithers, based
upon manufacturerso6 gl obTaréBuginess, Eebrsaayll® s, a:
2021, 32nd Annual Market Data Book.

Tier 1 (Top 4)* Michelin Group

Bridgestone Corp.

Goodyear Tire & Rubber Co.
Continental A.G.

Sumitomo Rubber Industries Ltd.
Pirelli & C. S.p.A.

Hankook Tire & Technology Co. Ltd.
Yokohama Rubber Co. Ltd.

. Cheng Shin Rubber (Maxxis Intl.)
10 Zhongce Rubber Group Co. Ltd.
11. Giti Tire Pte. Ltd.

Tier 3 (Others)* All remaining tire manufacturers

Tier 2 (Next 7)*

© N MNP
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4.4.12 Subjective Correlation: UTQG Traction Rating

Identified by tire stamping. The Traction rating is based on the coefficient of
friction of a locked (skidding) tire in a straight line on a wet surface. The
traction grades from highest to lowest are AA, A, B and C, and they represent
the tire® ability to stop on wet pavement as measured under controlled
conditions on specified government test surfaces of asphalt and concrete. A
tire marked C may have poor traction performance. The traction grade is
based on braking (straight ahead) traction tests and does not include cornering
(turning) traction.

NHTSA reported in YR2020 that of current tires:15% are rated "AA", 77% are
rated "A", 7% are rated "B" and only four (4) lines of tires are rated "C"

4.4.13 Subjective Correlation: UTQG Temperature Rating

Identified by tire stamping. Sustained high temperature can cause the material of
the tire to degenerate and reduce tire life, and excessive temperature can lead to
sudden tire failure. The grade C corresponds to a level of performance which all
passenger car tires must meet under the Federal Motor Vehicle Safety Standard.
Grades A and B represent higher levels of performance on the laboratory test
wheel than the minimum required by law. Temperature grades are established for
tires that are properly inflated and not overloaded.

Temperature Grades Speeds in mph
A Over 115
B Between 100 to 115
C Between 85 to 100

NHTSA reported in YR2020 that of current tires: 62% are rated "A", 34% are rated
"B" and 4% are rated "C".
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The load index of a tire is a number that correlates to the maximum safe
carrying capacity of the tire when inflated to its maximum pressure, as labeled

on the sidewall. Information to ascertain the vehicle load-carrying

requirements may be found on the vehicle placard.

Maximum Load Carrying Capacity per Tire

Load K Pound Load K Pound
Index 9 (Ib) Index 9 (Ib)
71 345 761 99 775 1709
72 355 783 100 800 1764
73 365 805 101 825 1819
74 375 827 102 850 1874
75 387 853 103 875 1929
76 400 882 104 900 1984
77 412 908 105 925 2039
78 425 937 106 950 2094
79 437 963 107 975 2150
80 450 992 108 1000 2205
81 462 1019 109 1030 2271
82 475 1047 110 1060 2337
83 487 1074 111 1090 2403
84 500 1102 112 1120 2469
85 515 1135 113 1150 2535
86 530 1168 114 1180 2601
87 545 1202 115 1215 2679
88 560 1235 116 1250 2756
89 580 1279 117 1285 2833
90 600 1323 118 1320 2910
91 615 1356 119 1360 2998
92 630 1389 120 1400 3086
93 650 1433 121 1450 3197
94 670 1477 122 1500 3307
95 690 1521 123 1550 3417
96 710 1565 124 1600 3527
97 730 1609 125 1650 3638
98 750 1653

Typical commuter car plus light truck load indices tend to range from about 70
to 124, and this range encompasses the tire population studied herein. Light
truck tires have two load indexes labeled on the sidewall of the tire, unlike
passenger tires, which only have one. This reflects the possible light truck tire

use on vehicles with dual rear wheels.
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4.4.15 Subjective Correlation: Tire Speed Rating

The speed rating of a tire is the letter designation representing the speed
capability: the designed maximum speed that the tire can sustain over time.

Open Ended
Speed Symbol (mph) (kph) Speed
Category
Q 99 160
S 112 180
T 118 190
U 124 200
H 130 210
V 149 240
wW 169 270 Z
Y 186 300 Z
(Y) Above 186 Above 300 Z

Light truck speed indices frequently fall within the range of QT S. Speed
indices representing passenger vehicle tires commonly fall within the range of
STY.

4.4.16 Subjective Correlation: Run Flat Tire Construction

A type of pneumatic tire constructed of special materials, supports, and
configurations that allow it to travel for a limited distance and speed after
experiencing a loss of most or all inflation pressure.
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5.0 Results

Quantitative correlations have been studied using rolling resistance plots where each plotted
point depicts the mean value of the three (3) tires tested per set (SKU), and traction charts that
depict the results of the one (1) tire tested per set.

Best-fit linear trendlines have been created using Excel to identify R? values for each correlation
studied. RZi s an indicatodr foft of gahdir byeeeasuring thepropottion
of variation in the dependent variable that can be attributed to the independent variable. The R-
squared value R?is always between 0 and 1 inclusive. Slopes of the trendlines may be
interpreted as follows:

1. Atrend line with a positive slope indicates a positive correlation between the
variables.

2. Atrend line with a negative slope indicates a negative correlation between the two
variables.

The steepness of the slope of a trendlines represents the sensitivity of the dependent
variable (frequently rolling resistance or traction responses plotted along the Y-axis) to
changes in the independent variable (plotted along X-axis).

For example, a trendline with a relatively high R? value and a steep positive slope suggests a
correlation with a reasonable linear fit to the actual data results, a positive correlation
between the dependent and independent variables and a strong sensitivity in the dependent
variable to changes in the independent variable.

Table 5A: Rolling Resistance R-Squared Values

Tire Market Categories Tire Usage Categories
Teérlzlain Eco’rj*omy Eflf:iléﬁelnt Highway Touring UHP EV* OE R;péﬁfe Efficient
Price 0.224 0.024 0.034 0.138 0.105 0.000 - 0.008 0.055 0.304
UTQG Treadwear 0.230 0.528 0.660 0.067 0.103 0.116 - 0.033 0.002 0.407
Tread Depth 0.125 0.018 0.742 0.041 0.203 0.001 - 0.432 0.023 0.106
Tire Weight 0.006 0.000 0.244 0.039 0.002 0.016 - 0.078 0.000 0.040
Aspect Ratio 0.178 0.030 0.197 0.007 0.011 0.090 - 0.003 0.001 0.320
Bead Diameter 0.434 0.020 0.047 0.434 0.078 0.076 - 0.008 0.047 0.014
Section Width 0.069 0.074 0.208 0.101 0.056 0.014 - 0.006 0.031 0.003
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5.0 Results

Table 5B: Wet Traction Index R-Squared Values
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Tire Market Categories

Tire Usage Categories

Te?rlgin ECOS*Omy Ef';léieelnt Highway Touring UHP EV* OE Rﬁ]p;ﬁfe Efficient
Price 0.212 0.052 0.148 0.051 0.049 0.005 - 0.012 0.011 0.247
UTQG Treadwear 0.012 0.304 0.404 0.007 0.000 0.051 - 0.107 0.000 0.001
Tread Depth 0.080 0.183 0.002 0.082 0.127 0.012 - 0.198 0.132 0.105
Tire Weight 0.170 0.024 0.083 0.012 0.035 0.064 - 0.013 0.158 0.004
Aspect Ratio 0.049 0.170 0.003 0.001 0.071 0.004 - 0.096 0.152 0.033
Bead Diameter 0.091 0.004 0.004 0.194 0.005 0.090 - 0.007 0.002 0.020
Section Width 0.051 0.057 0.095 0.002 0.007 0.100 - 0.001 0.073 0.003

Table 5C: Tire Category Groups: Number of SKU&
Tire Market Categories Tire Usage Categories

Tefr';in Economy E;g;'m Highway | Touring UHP EV* OE R;p;ﬁfe Efficient
Tire Group SKUs 15 11 8 36 51 25 3 14 129 6
Total SKUs 149 149

Note: Total tire population was 149 SKUSs.
*Too few tire SKUs tested to evaluate correlations.

**Economy refers to purchase cost and not economy of operation. Economy of operation

falls into fFuel Efficientocategory.
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5.0 Results (continued)

Additionally, subjective correlations of some other variables with respect to rolling resistance
and wet traction index in the following areas were examined.

tire category
manufacturer tier

UTQG traction rating
UTQG temperature rating
load index

speed rating

run flat

= =4 =4 -8 -8 -89

Individual rolling resistance and wet grip index results may be found in Section #1 of the
Appendix.

The complete set of quantitative and qualitative correlation study plots may be found in
Section #2 of the Appendix.

The descriptive statistics representing the rolling resistance data of the tire groups (by SKU)
may be found in Section #3 of the Appendix.

A multiple linear correlation study of rolling resistance results (total population) correlated
with candidate quantifiable tire characteristics may be found in Appendix Section #4.
5.1 Rolling Resistance Coefficient vs Wet Grip Index

Rolling Resistance vs Wet Grip Index: Market Categories (See Charts 5.1A and 5.1B)

An examination of the rolling resistance correlation studies with tire market categories
directionally indicated an inverse correlation: wet grip increased with declining rolling
resistance. This trend may be counterintuitive, however the correlations tended to be
weak, as exhibited by R? values that tended to be low. The ultra-high performance (UHP)
tire data exhibited no trend between rolling resistance and wet grip.

Rolling Resistance vs Wet Grip Index: OE vs Replacement vs Efficient Usage Cateqories
(See Chart 5.1C)

Rolling resistance correlation studies with tire usage categories (OE vs replacement vs
Efficient) again generally indicated an inverse correlation: wet grip increased with
declining rolling resistance for the replacement and efficient tires. However, the OE tires
varied oppositely: wet grip declined with declining rolling resistance.
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5.1 Rolling Resistance Coefficient vs Wet Grip Index (continued)

Wet Grip Index

= =4 =4

Rolling Resistance Coefficient (RRC) vs Wet Grip Index (WGI)
1.60
1.50
1.40
1.30
1.20
1.10

8

0.90
0.80
0.70
0.60

4 6 8 10 12
Rolling Resistance Coefficient (RRC)

@ All Terrain Economy e Fuel Efficient ® Highway

Chart 5.1A

Tire wet grip index test protocol: ISO 23671:2021

Tire rolling resistance test protocol: ISO 28580:2018

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.
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5.1 Rolling Resistance Coefficient vs Wet Grip Index (continued)

Rolling Resistance Coefficient (RRC) vs Wet Grip Index (WGI)

1.60
®

1.50
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L 1.30 o™,
Q
2 1.20
21.10
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% 1.00
=

0.90

0.80

0.70

0.60

4 5 6 7 8 9 10 11 12
Rolling Resistance Coefficient (RRC)
® Touring @ UHP e EV
Chart5.1B

1 Tire wet grip index test protocol: ISO 23671:2021
9 Tire rolling resistance test protocol: ISO 28580:2018
1 R 2 measures the proportion of variation in the dependent variable that can be

attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.
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5.1 Rolling Resistance Coefficient vs Wet Grip Index (continued)

Rolling Resistance Coefficient (RRC) vs Wet Grip Index (WGI)
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Rolling Resistance Coefficient (RRC)
® OE @ Replacement @ Efficient
Chart5.1C

1 Tire wet grip index test protocol: ISO 23671:2021
1 Tire rolling resistance test protocol: ISO 28580:2018
! R 2 measures the proportion of variation in the dependent variable that can be

attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.
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Quantitative Correlation to Price

Price vs. Rolling Resistance: Market Categories (See Charts 5.2A and 5.2B)

Rolling resistance data suggested a negative correlation with actual purchase fee: cost
generally tended to directionally increase for lower rolling resistance tires, regardless of
tire market category, but with the exception of UHP (ultra-high performance tires; no
correlation). Most correlations tended to range from negligible to weak as based upon R?
values.

Price vs. Rolling Resistance: OE vs Replacement vs Efficient Usage Categories (See
Chart 5.2C)

Again, rolling resistance data suggested a weak negative correlation: cost generally
tended to increase for lower rolling resistance tires. The highest R ?value of 0.304
represented the Efficient tire usage category.

Price vs. Wet Grip Index: Market Categories (See Charts 5.2D and 5.2E)
Wet grip index data was directionally inconsistent and, correlations tended to range from
negligible to very weak.

Price vs. Wet Grip Index: OE vs Replacement vs Efficient Usage Cateqories (See Chart
5.2F)

The Efficient tire usage category exhibited a weak correlation at R 2= 0.247. No
correlations were noted between price and wet grip index for the OE and Replacement
usage categories.
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5.2  Quantitative Correlation to Price (continued)

= =4

Price (USD) vs Rolling Resistance Coefficient (RRC)

Rolling Resistance Coefficient (RRC)

5 R*=0.1383

4
50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00 500.00

Price (USD)

® All Terrain Economy @ Fuel Efficient @ Highway

Chart 5.2A

Price (USD) represents actual per tire purchase price

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.

Tire rolling resistance test protocol: ISO 28580:2018
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5.2  Quantitative Correlation to Price (continued)

=
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Price (USD) vs Rolling Resistance Coefficient (RRC)
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Chart 5.2B

Price (USD) represents actual per tire purchase price

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.

Tire rolling resistance test protocol: ISO 28580:2018
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5.2  Quantitative Correlation to Price (continued)
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Price (USD) vs Rolling Resistance Coefficient (RRC)
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Chart 5.2C

Price (USD) represents actual per tire purchase price

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.

Tire rolling resistance test protocol: ISO 28580:2018
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5.2  Quantitative Correlation to Price (continued)

=

= =

Price (USD) vs Wet Grip Index (WGI)
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Chart 5.2D

Price (USD) represents actual per tire purchase price

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the value of one (1) tire tested.

Tire wet grip index test protocol: 1ISO 23671:2021

Reference #F49432BS-01VA U
Page 25 of 160



‘SS SMITHERS

INNOVATE WITH CONFIDENCE

5.2  Quantitative Correlation to Price (continued)
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Price (USD) vs Wet Grip Index (WGI)
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Chart 5.2E

Price (USD) represents actual per tire purchase price

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the value of one (1) tire tested.

Tire wet grip index test protocol: ISO 23671:2021
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5.2  Quantitative Correlation to Price (continued)

=

= =

Price (USD) vs Wet Grip Index (WGI)
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Chart 5.2F

Price (USD) represents actual per tire purchase price

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the value of one (1) tire tested.

Tire wet grip index test protocol: ISO 23671:2021
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Quantitative Correlation to UTQG Treadwear

UTQG Treadwear Rating vs. Rolling Resistance: Market Categories (See Charts 5.3A
and 5.3B)

Rolling resistances, as based upon the Market Categories RRC data, did exhibit
correlations for Economy and Fuel Efficient tires. In both cases, rolling resistance
directionally increased with increasing UTQG Treadwear Rating (used as an indicator of
tread life). The R? of the Economy tires was 0.528 and indicated a moderate correlation
between rolling resistance and treadwear. The relatively higher slope of the trendline
suggested a higher RR sensitivity to increasing treadwear rating.

The correlation between rolling resistance and treadwear for the Fuel Efficient tires was
stronger, as indicated by a higher R? value of approximately 0.660. However, the RR
sensitivity to increasing treadwear rating was less that that indicated by the Economy tires
(less steep trendline).

Correlations between UTQG Treadwear Ratings and rolling resistances for the remaining
categories were weak with low R? values.

UTQG Treadwear Rating vs. Rolling Resistance: OE vs Replacement vs Efficient Usage
Categories (See Chart 5.3C)

The rolling resistance data, when examined from a usage category perspective of OE vs
Replacement vs Efficient tires, exhibited trendlines with low correlation coefficients for the
OE and Replacement categories. The Efficient category trendline had a higher R? value
of 0.407; with higher treadwear rating correlated to higher rolling resistance. The Efficient
category also exhibited greater sensitivity of the trendline slope with increasing wear
rating as compared to the OE and Replacement categories.

UTQG Treadwear Rating vs. Wet Grip Index: Market Categories (See Charts 5.3D and
5.3E)

Tire wet grip indices, as based upon the Market Categories RRC data, exhibited
trendlines with R? = .404 for the Fuel Efficient category, and R? = .304 for Economy
category tires. In both cases, the correlations directionally indicated declining wet grip
indices with increasing UTQG Treadwear Ratings. Remaining correlations were weak
with inconsistent directionality.

UTQG Treadwear Rating vs. Wet Grip Index: OE vs Replacement vs Efficient Usage
Cateqgories (See Chart 5.3F)

Analyses of the tire wet grip indices correlated with UTQG Treadwear Ratings was
inconclusive due to low R?values.
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5.3 Quantitative Correlation to UTQG Treadwear (continued)
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UTQG Treadwear Rating vs Rolling Resistance Coefficient
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Chart 5.3A

Uniform Tire Quality Grading (UTQG) Treadwear Rating as identified by tire
stamping on sidewall; example UTQG rating: 560 A B; 560 is treadwear rating.
The rating is a numeric index of how well a tire wears in comparison to a
reference tire.

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.

Tire rolling resistance test protocol: ISO 28580:2018
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5.3 Quantitative Correlation to UTQG Treadwear (continued)

= =4

e = T
0 O = N

Rolling Resistance Coefficient (RRC)

180

(RRC)
__________________ T FCCRRRPR Y
""""" : ..., @ ; Pe °® n:.
.:0.. .......... | SRR . ? . Y ..
............................ .. I s : .
° 4 ¢
Y ®e

280 380 480 580 680 780
UTQG Treadwear Rating

® Touring ® UHP e EV

Chart 5.3B
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UTQG Treadwear Rating vs Rolling Resistance Coefficient

880 980

Uniform Tire Quality Grading (UTQG) Treadwear Rating as identified by tire
stamping on sidewall; example UTQG rating: 560 A B; 560 is treadwear rating.
The rating is a numeric index of how well a tire wears in comparison to a
reference tire.
R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.
Each plotted point represents the mean value of three (3) tires tested.
Tire rolling resistance test protocol: ISO 28580:2018
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5.3 Quantitative Correlation to UTQG Treadwear (continued)
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UTQG Treadwear Rating vs Rolling Resistance Coefficient
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Chart 5.3C

Uniform Tire Quality Grading (UTQG) Treadwear Rating as identified by tire
stamping on sidewall; example UTQG rating: 560 A B; 560 is treadwear rating.
The rating is a numeric index of how well a tire wears in comparison to a
reference tire.

R 2 measures the proportion of variation in the dependent variable that can be

attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.
Tire rolling resistance test protocol: ISO 28580:2018
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Quantitative Correlation to UTQG Treadwear (continued)
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UTQG Treadwear Rating vs Wet Grip Index (WGI)
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Uniform Tire Quality Grading (UTQG) Treadwear Rating as identified by tire
stamping on sidewall; example UTQG rating: 560 A B; 560 is treadwear rating.
The rating is a numeric index of how well a tire wears in comparison to a

reference tire.

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents one (1) tire tested.
Tire wet grip index test protocol: ISO 23671:2021
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Quantitative Correlation to UTQG Treadwear (continued)

UTQG Treadwear Rating vs Wet Grip Index (WGI)
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880 980

Uniform Tire Quality Grading (UTQG) Treadwear Rating as identified by tire
stamping on sidewall; example UTQG rating: 560 A B; 560 is treadwear rating.
The rating is a numeric index of how well a tire wears in comparison to a

reference tire.

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents one (1) tire tested.
Tire wet grip index test protocol: ISO 23671:2021
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5.3 Quantitative Correlation to UTQG Treadwear (continued)
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Chart 5.3F

Uniform Tire Quality Grading (UTQG) Treadwear Rating as identified by tire
stamping on sidewall; example UTQG rating: 560 A B; 560 is treadwear rating.
The rating is a numeric index of how well a tire wears in comparison to a
reference tire.

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always
between 0 and 1 inclusive.

Each plotted point represents one (1) tire tested.

Tire wet grip index test protocol: ISO 23671:2021
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Quantitative Correlation to Tread Depth

Tread Depth vs Rolling Resistance: Market Cateqgories (See Charts 5.4A and 5.4B)
Rolling resistance results generally indicated a positive correlation with measured tread
depth: rolling resistance increased with increasing tread depth, for tire market categories.
Most correlations tended to range from negligible to weak, with the exception of the Fuel
Efficient category, which exhibited an R? of 0.742. The Fuel Efficient category trendline
also exhibited a relatively steeper slope the other categories, suggesting a higher RRC
sensitivity to increasing tread depth.

Tread Depth vs Rolling Resistance: OE vs Replacement vs Efficient Categories (See
Chart 5.4C)

Rolling resistance results tended to indicate a positive correlation with tread depth: rolling
resistance increased with increasing tread depth, for the usage categories of OE vs
Replacement vs Efficient. The highest R? was exhibited by the OE group at 0.432.

Tread Depth vs. Wet Grip Index: Market Cateqgories (See Charts 5.4D and 5.4E)

Wet grip index test results did not correlate well with tread depth and were not
directionally consistent. The correlations with tread depth tended to exhibit very low R?
values. Data tended to generally cluster around the 8 mm tread depth for non-light truck
categories.

Tread Depth vs Wet Grip Index: OE vs Replacement vs Efficient Usage Categories (See
Chart 5.4F)

Wet grip index test results did not correlate well with tread depth and were not
directionally consistent.
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5.4  Quantitative Correlation to Tread Depth (continued)
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Tread Depth (mm) vs Rolling Resistance Coefficient (RRC)

12
S R?=0.0184
11 - e
£ , o ‘ - R=07415
E 10 L P — :_._._._‘,...‘.-.-:...::.-.'.”‘--
€9 [ Vol g R? =0.0410
8 .............. ..' P > ® . °
.......... ® .
g 8 o0 ® o
c R
© o’
E 7 l-"' X TR
* 6
£
T 5
o
4
4.00 6.00 8.00 10.00 12.00 14.00 16.00

Tread Depth (mm)

@ All Terrain Economy @ Fuel Efficient ® Highway

Chart 5.4A

Tread depth measured in millimeters with a tread depth gauge: measured to
groove bottom.
R 2 measures the proportion of variation in the dependent variable that can be

attributed to the independent variable. The R-squared value R ? is always between
0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.
Tire rolling resistance test protocol: ISO 28580:2018
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5.4  Quantitative Correlation to Tread Depth (continued)

Tread Depth (mm) vs Rolling Resistance Coefficient (RRC)
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Chart 5.4B

1 Tread depth measured in millimeters with a tread depth gauge: measured to
groove bottom.
1 R 2 measures the proportion of variation in the dependent variable that can be

attributed to the independent variable. The R-squared value R ? is always between
0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.
Tire rolling resistance test protocol: ISO 28580:2018
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Quantitative Correlation to Tread Depth (continued)

Chart 5.4C

Tread depth measured in millimeters with a tread depth gauge: measured to
groove bottom.

R 2 measures the proportion of variation in the dependent variable that can be
attributed to the independent variable. The R-squared value R ? is always between
0 and 1 inclusive.

Each plotted point represents the mean value of three (3) tires tested.

Tire rolling resistance test protocol: ISO 28580:2018
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